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Problem Statement:

The purpose of this calculation is to assess the stability of the disposal cell at the Crescent Junction Site.
Both the short-term (end-of-construction) and long-term conditions were evaluated under static and
seismic conditions.

. Method of Solution:

Slope stability analyses were performed using limit equilibrium methods with the aid of the computer
program SLOPEMW (Geo-Slope/W 2004). The SLOPE/W program calculates factors of safety by a variety
of methods. Spencer's method was used for these analyses because it considers both force equnhbnum
and moment equmbnum in the factor of safety ca!culatlon _

Failure surfaces represented the most likely modes of failure, including circular, non-circular, and infinite
slope failure surfaces. Circular failure surface analyses were analyzed by targeting deeper, full-slope
failures. Small shallow failures were not considered. In both cases, a number of fallure surfaces were
analyzed to find the lowest factor of safety.

In addition, the analysis of the mflmte slope scenano (slope length much longer fhan thickness of critical
layer) was conducted on the side slopes. This conservative analysis minimizes any stabilization effects of
a passive resistive wedge at the base of the slope.

Assumptions:

Shear strength parameters are currently being assessed. This calculation was performed using
preliminary laboratory data for recompacted alluvial and weathered shale soils and tailings material.
These values are compared to published literature values for similar materials. The assumed strength
parameters should be verified with laboratory results as these results become available.

Calculation:

See “Discussion.”

Discussion:
" Critical Conditions

Slope-stability analyses are typically conducted under scenarios that répresént the critical conditions for
construction and operation. For the disposal cell, these conditions include: (1) the period lmmedlately
after construction, and (2) the long-term penod after ceII constructlon : :

Key factors during construction are development of excess porewater pressures in foundatnon dlke
tailings, or cover materials due to equipment or fill placement or displacement of low-strength fill
materials (such as slime tailings) in response to covering fill placement. These factors are not of concern
for slope stability during cell construction. The foundation materials (unsaturated weathered

Mancos Shale) are not susceptible to development of excess porewater pressures since they are not
likely to be saturated. Tailings will be placed and compacted at optimum or slightly (up to 2 percent) wet
of optimum water content. This placement procedure will minimize future settlement. Because of this
placement method, it is unlikely that the tailings will become saturated or have an opportunity to develop

excess pofewater pressures.
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| Critical Geometry

The critical cross-section location used in the analysis is shown in Figure 1. It should be noted that the
cell contours represent top of tailings and clean-fill dike elevations, but do not include the construction of .
the cover system. The profile at this location is shown in Figure 2. This section was chosen for analysis
because it represents a combination of both highest slope face of the disposal cell and down-slopmg
natural grade. :

The cell profile geometry'was based on the current cell excavation plan and final cell configuration. This
‘configuration includes excavating existing soils within the footprint of the disposal cell to a depth of

' approximately.18 ft. Tailings will be compacted, along with the construction of a clean-fill dike, to grades

“as shown on Figure 1. Tailings will be covered with approximately 9 inches of capillary break/biocintrusion
material (6 inches minus clean sands and gravels), approximately 13.5 ft of recompacted native alluvial
and weathered Mancos Shale soils excavated from within the disposal cell footprint, and approximately -
6 inches of rock muich.

Pore Water Conditions -

Site investigations (DOE 2006a, DOE 2006b, DOE.2006¢) indicate that the foundation soils are dry. The
shallowest water encountered in piezometer wells was at a depth of approximately 100 ft (DOE 2006d);
therefore, the foundation materials are not expected to be saturated lrom naturally occurring ground water
during construction. .

Due to the placement procedure of the tailings (placed between 2 percent dry and 2 percent wet of
optimum water content and compacted to 90 percent of maximum dry density of Standard Proctor), it is
unlikely that the tailings will have significant drainage of pore water. Permeability testing of the tailings is
.ongoing; however, estimates of the permeability of the tailings based on literature values for sandy silt
tailings are 7E-5 centimeters per second (cm/sec) (Geo-Slope/W) and between 1E-5 and 1E-6 cm/sec
(Keshian and Rager 1988). Packer tests performed within the weathered Mancos zone indicate the
foundation materials immediately underlying the tailings have an average hydraulic conductivity of
approximately 1E-4 cm/sec (DOE 2006d). Because the foundation is more permeable than the tailings,
saturation within the tailings is expected to be minimal and confined to the tailings below natural grade.
Due to the construction of the clean-fill dike surrounding the tailings, below-grade saturation of tailings will
have minimal impact on slope stability. Therefore, potentiometric water surface within the foundation,
tailings, cover, or dike material was not considered.

Material Properties
The soil properties used in the stability analyses are summarized in Table 1.
Erosion Protection |

The current cell configuration requires rock mulch with a Ds, of 2.2 inches along the 2 percent top slope of
the cell to protect against erosion from action of wind and water. The south side slope_ requues riprap with
- a minimum Ds, of 8.2 inches. This rock will have little impact on the slope stability because it is a relatlvely
thin layer, and the rock will have relatively strong shear strength in relation to other components of the
cover. Densities for the rock mulch are assumed from literature values for silty or clayey gravel and sand
(Carter and Bentley 1991), and for the riprap, from typical values based on experience. Shear strength

- values are estimated from Figure 4.8 of NUREG/CR-4620 (Nelson et al. 1986). As the erosion protection
will not be subject to excess pore water pressures, shear strength values are modeled as being the same
for all three Ioadlng cases.
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o In-Place | In-Place | In-Place Short Term Long Term Long-Term Seismic
Soil . R D Moist | Saturated . Angle of Angle of : Angle of
Layer - | DFSCUP“O" Denrsyity Density | Density Cohesion | Internal | Cohesion | Internal | Cohesion | Internal
‘ : (pcf) (pcf) (pcf) (psf) Friction {psf) Friction (psf) Friction
A : (degrees) {degrees) (degrees)
Erosion | A L . 4 _ .
Protegton, M’?{;?g';‘_’?'; much | o 123 130 0 37 0 37 0 37
Top Slope |- - - : C ) ) . .
Erosion g e e .
Protection, | ~ANOUIaTipran With™ | 455 135 146 0 a7 . 0 37 0 37
Side Slope | P=S<incnes . N .
‘ ~ | ‘On-site sheet wash
& "and eolian soils = - - _
g:gl.‘;"r’ recompactedt085% | 103 | 115 127 0 287 0 28.7 0 23.6
maximum dry density- 4 :
.from Modified Proctor | . . .
On-site weathered |
' “Mancos Shale " '
cleanfil | recompactedtososs | 111 | 124 132 0o 21 0 29 0 23.9
maximum dry density ' : ' ‘
from Modified Proctor
, Compactedto a .
Tailings - = minimum of 90% 98 115 125 615 0 0 32 0 27
"~ | . standard Proctor ' '
~ Sheet | In-situfoundational R
wash/eolian | soil outside of tailings 91 - 97 119 .. 0 26 0 26 0 22
soils footprint ' : -
Weathered oo . .
Mancos | Iesitufoundational - 403 114 127 0 29 0 29 0 25.7
ale ,
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~ Badon Barrier

" The radon barrier consists of approximately 13.5 ft of relatively lightly recompacted native alluvial and
eolian soils excavated from the disposal cell footprint. Densities are estimated based on 85 percent of the
average of maximum dry densities from Modified Proctor tests performed on alluvial and eolian soils

- (DOE 2006c). Shear strength parameters are an average of two triaxial shear strength tests that were
performed on this material (GEG 2006). Because the radon barrier will not be placed or loaded under
saturated conditions, short-term shear strength parameters are estimated to be equivalent to long-term
drained conditions. Under seismic loading, the shear strength parameters are estimated to be 80 percent
of long-term shear strength (tan($)seismic = 0.8 X tan(¢)ong1em) to account for strain softening duringa .
seismic event. Although conditions do not exist that would cause liquefaction of materials, a reduction of
up to 80 percent of peak shear strength under cyclical loading is conservatively considered (Makdisi and
Seed 1978) under seismic loading.

Clean-Fill Dike

A clean-ﬁll-dike will be constructed around the perimeter of the disposal cell. The height of the dike will be

the same as that of the tailings, and will vary from 10 to 30 ft. The dike will be constructed from
recompacted weathered Mancos Shale that is excavated from the disposal cell footprint. Densities are
based on 90 percent of the average of maximum dry density from Modified Proctor tests performed on
weathered Mancos Shale soils.(DOE 2006¢). Shear strength testing on the weathered Mancos Shale is
ongoing. Two triaxial shear strength tests have been performed to date. One test result indicates
.cohesion of 96 pounds per square foot (psf) and an effective angle of internal friction of 31 degrees. The
second test indicates cohesion of 240 psf and an effective angle of internal friction of 2 degrees
(GEG 20086). This second test is considered suspect and indicative of unconsolidated, undrained
_ conditions rather than effective shear strength. A triaxial shear strength test performed on recompacted
weathered Mancos Shale for the Uranium Mill Tailings Remedial Action Project Site in Grand Junction
"-indicates effective shear strength parameters similar to the first triaxial shear strength test (90 psf
cohesion and an angle of internal friction of 28 degrees (DOE 1991). Literature values for remolded clays
with a plasticity index of 11 (average value for weathered shale from DOE 20060) indicate approximately
- 28 degrees (Bowles 1988). The average of these three values (29 degrees) is used in this analysis.
Shear strength parameters of the weathered shale should be updated as additional laboratory test results
become available. For short-term analyses, total shear strength parameters from one triaxial shear
strength test, ignoring strength from cohesion are used. The total strength parameter (angle of internal .
friction of 21 degrees) is similar to the total strength parameters for recompacted weathered -
‘Mancos Shale at the Grand Junction Site (angle of internal friction of 20 degrees). Under seismic loading,
the shear strength parameters are estimated to be 80 percent of long-term shear strength to account for
strain softening during a seismic event. The strain-softening approach is used to account for some loss in
strength under high strain. An undrained shear strength approach is not considered appropnate because
the dike is not expected to be saturated.

Tarlrng

Tarlrngs will be relocated from the current srte |n Moab Dunng the relocation process, taulrngs will be
mixed such that fine-grained particles (slimes) will be combined with coarse-grained particles (sands).
The resulting material will consist of transitional tailings, or a mixture of approximately equal portions of ,
.sands and slimes. The tailings will be moisture conditioned and compacted in maximum 12-inch loose lifts -
within the disposal cell. Densities of the tailings are based on 90 percent of the average of maximum dry
density from Standard Proctor tests on transitional tailings (Golder 2006). Shear strength testing on the
“tailings is ongoing. Literature values for hydraulically placed uranium mill tailings indicate that an effective
angle of internal friction of 32 degrees is appropriate for preliminary estimates of the strength of
sand/slime mixtures (Keshian and Rager 1988). For short-term, the shear strength of the tailings is
estimated based on the average of unconfined compressive strength tests performed on undisturbed
samples of the tailings sampled from the current site in Moab (Shaw 2006). This is considered a
conservative approach because the tailings in Moab that were tested for unconfined compressive
strength were predominately slimes and have been hydraulically placed. In contrast, the relocated tailing
at the Crescent Junction Site will be mixed in such a manner that percent slimes placed will be minimal.

U.S. Department of Energy . Slope Stability of Crescent Junction Disposal Cell
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The tailings will also be compacted, thereby increasing the density and shear strength above that

currently seen at the Moab Site. Because the tailings will be placed at close to optimum rnoisture content

_and compacted, they are not expected to be saturated. Under seismic loading, the shear strength

parameters are estimated to be 80 percent of long-term shear strength to accotint for strain softening

.during a seismic event. The strain-softening approach is used to account for some loss in strength under
"high strain during cyclrcal loading. An undrained shear strength approach is not considered approprrate

because the dike is not expected to be saturated.
Alluvial/Eolian Soil and Weathered Mancos Shale

The native soils outside the footprint of the disposal cell are modeled to check against failures that may
incorporate foundation materials. The densities of the alluvial/eolian soils and the weathered

Mancos Shale are based on average dry densities measured from respective liner samples taken during
the field investigation (DOE 2006c). Shear strength parameters for the alluvial/eolian soils are modeled as
being 90 percent of the recompacted shear strength of the same material to reflect lower shear strength
due to less compaction. The in-situ weathered shale has essentially the same dry density as the
recompacted samples and is therefore estrmated to have similar shear strength parameters.

Seismic Coefficient

As per the Site and Regional Seismicity — Results of Maximum Credible Earthquake Estimation and Peak
Horizontal Acceleration (DOE 2005), the predicted peak horizontal acceleration (PGA) is estimated to be
0.22 g. In accordance with guidance given in the Technical Approach Document (TAD) (DOE 1989), the
seismic coefficient for a pseudostatic analysis is equivalent to 1/2 of PGA (0.11 g) for end-of-construction
analyses, and is equivalent to 2/3 of PGA (0.15 g) for the long-term analyses. ‘

Stabllity Criteria

" The required safety factors as given in the TAD are as follows:

: e Minimum Factor of

Loading Condition Safety

End-of-construction: )
- Static : 1.3
Psuedostatic (kh=0.11 g) 1.0

Long-term: - . _

Static . 1.5
Psuedostatic (kh=0.15 g) 1.0

Results from Stablllty Analyses

Based on the input parameters outlined prevrously, cntrcal fallure surfaces and the associated factor of
safety are shown in Frgures 3 through 6. The followmg results were approxrmated for the stability

: analyses
‘Loading Condition ‘Results of Analysis -
End-of-construction: . . A
. Static 1.9 .
- Psuedostatic (kh=0.11 g) ‘ 1.2
Infinite Slope (Static) .18
Infinite Slope (Pseudostatrc) 1.2 .
Long~term_ , : ' :
“Static " ' 25
- Pseudostatic (kh—O 159) s 1.2
Intmrte Slope (Static) ’ 2.8
Infinite Slope (Pseudostatic) ' 1.2
U.S. Department of Energy ; Slope Stability of Crescent Junction Disposal Cell
June 2006 . - Doc. No. X0175900
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Name: short-term seismic.gsz

Comments: End-of-Construction
Comments: End-of-ConstructionHorz Seismic Load: 0.11

Material # 1  Description: Radon Barrier Wt: 115  Cohesion: 0  Phi: 28.7
Material #: 2  Description: Clean-Fill Dike Wt 124  Cohesion: 0 Phi: 21
Material # 3  Description: Tailings Wt 115  Cohesion: 615

Material #: 4  Description: Aluvium/Eolian Wt 97  Cohesion: 0 Phi: 26

Material # 5 Description: Weathered Mancos Wt 114  Cohesion: 0  Phi: 29
Material #: 6  Description. Competent Mancos Wt 120  Cohesion: 2000 Phi: 28
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Figure 3. Short-Term Seismic
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Name: short-term static.gsz
Comments: End-of-Construction
Comments: End-of-ConstructionHorz Seismic Load: 0

Material #: 1 Description: Radon Barrier Wt 115 Cohesion: 0 Phi: 28.7
Material #: 2  Description: Clean-Fill Dike Wit 124 Cohesion: 0 Phi: 21
Material #: 3  Description: Tailihgs Wt 115  Cohesion: 615

Material #: 4  Description: Alluvium/Eolian Wt 97  Cohesion: 0 Phi: 26

Material #: 5  Description: Weathered Mancos Wt 114  Cohesion: 0  Phi: 29
Material #: 6  Description: Competent Mancos Wt 120 Cohesion: 2000 Phi: 29
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Figure 4. Short-Term Static
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Name: long-term seismic.gsz

Comments: Long-term
Comments: Long-termHorz Seismic Load: 0.15

Material #: 1  Description: Radon Barrier Wt 115  Cohesion: 0  Phi: 23.6
Material # 2  Description: Clean-Fill Dike Wt 124  Cohesion: 0 Phi: 23.9
Material #: 3  Description: Tailings Wt 115 Cohesion: 0  Phi: 27

Material # 4  Description: Allbvium/Eclian Wt 97  Cohesion: 0 Phi; 22
Material # 5  Description: Weathered Mancos Wt 114  Cohesion: 0 Phi: 25.7
Material #: 6  Description: Competent Mancos Wt 120 Cohesion: 2000  Phi: 29
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Figure 5. Long-Term Seismic
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Name: long-term static gsz

Comments: Long-term
Comments: Long-termHorz Seismic Load: 0

Material #: 1 Description: Radon Barrier Wt 115  Cohesion:0  Phi: 28.7
Material #: 2  Description: Clean-Fill Dike Wt 124  Cohesion: 0 Phi: 29
Material #: 3  Description: Tailings Wt 115  Cohesion: 0 Phi: 32

Material #: 4  Description: Alluvium/Eolian Wt 97  Cohesion: 0 Phi: 26
Material # 5 Description: Weathered Mancos Wt 114  Cohesion: 0 Phi: 29
Material #: 6 Description: Competent Mancos Wt 120  Cohesion: 2000  Phi: 29
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Figure 6. Long-Term Static



Conclusion and Recommendations:

.Based on results of geologic literature review, the Crescent Junction Site appeérs to be suitable for
disposal of the Moab uranium mill tailings and contaminated material. Based on this information, and in

- conjunction with findings of field investigations, this site is deemed suitable for the intended use.

Computer Source:

Geo-Slope/W International, LTD, 2004. SLOPE/W version 6.1 9, Calgary, Alberta, Canada.
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~Appendix A

Infinite Slope Analysis




Client: ‘| U.S. Department of Energy - . Job No. 181268 | Page: 1 of 2

Project: | Disposal Cell Date: 5/19/06 Date Checked: 5/19/06

Detail:. | Slope Stability, Seismic Analyses for Infinite Slope Computed by: MV | Checked by: CLS

Problem Statement:.

~ Calculate the Factor of Safety assuming infinite slope failure. Analyze side slope at §H:1V. Critical
surface is at the clean-fill dike around the perimeter of the disposal cell. Average properties of borrow
.material for Mancos Shale soils are LL = 28 and Pl = 11. Assume that under moderate loading conditions
. (10 to 30 feet of material), soils force failure. Use long-term, static friction angle of 29 degrees (average of
.31 degrees from one triaxial test, 28 degrees from correlated values to Pl value, and 29 degrees from
similar material used at the UMTRA Site in Grand Junction), long-term pseudostatic friction angle of
23.9 degrees (80 percent reduction in strength), and short-term friction angle of 21 degrees (total stress
parameter from one triaxial test).

Solution:

~ Use the following equation

. tan(¢)
kS = tan|f + arctan(k, )]

where FS= Factor of Safety
¢= friction angle of clean fill dike
B= slope angle of cover=arctan (1/5)
kn=horizonta! seismic coefficient (g)

For static, short-term conditions, k,=0.0 g and ¢=21 degrees:

FS=— “1‘“(2]) =192
tan[arctan(-g)+arctan(0.0)] o
For pseudostatic, short-term condit_iohs,' kh=0.1.1 g and @:21 degrees:
FS= tla“m) =121
tan[apctan(g) +arctan(0.1 1)]
For static, I'ong-term 'gbnditions, ki=0.0g a‘nd ¢=29 dégrees:
FS = . ’t.e;n(29) =277
‘ 'tan[ar'ctan(g) + arctan(0.0)}
For pseudostatic, fong-term condi{ions, kh=d.1 5g and $=23.9 degrees:
FS = tan(23.9) ~123 -

tan[arctan(%) +arctan(0.15 )]
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. Problem Statement:

Evaluate (1) the potential for post-construction tailings settlement, (2) the potential for cover cfacking, and
(3) the potential for liquefaction under seismic loading conditions.

Method of Solution:
See “Discussion."
Assumptions:

» Tailings and wastes will be placed at approximately 98 pounds per cubic foot (pcf), 12 percent to
15 percent gravimetric moisture content (90 percent of average Standard Proctor maximum dry
density, and within percent of optimum moisture content).

* Tailings and waste will be placed in thln quts compacted, and placed to an ultimate thickness of
38 feet (it).

» Peak horizontal grbund acceleration is 0.22 g (See Calculation MOA-02-09-2005-01-09-1; Site and
Regional Seismicity ~ Results of Literature Research). .

Calculation:
See attached sheets.
" Discussion:

The calculations outline the analyses of (1) post-construction tailings settlement, (2) the impact of differential
tailings settlement on cover performance (specifically cover cracking), and (3) the potential for tailings
liquefaction.

Tailings Settlement

Typical settlement analyses are conducted for uranium tailings reclamation planning, because tailings will
settle to varying amounts due to the stress changes from reclamation activity. These stress changes can be
caused by: (1) the weight of construction equipment; (2) the loading due to the reclamation cover; and

(3) lowering of the zone of saturation in the tailings. These changes have a larger effect with reclamation of

tailings deposned as a slurry. In this case, the tailings will be'placed in the repository as an unsaturated
material, spread in lifts, and rolled with conventional construction equipment. Other Title | sites with relocated

tailings have beén evaluated for post-construction settlement, and areas of concern for differential settlement
are transition zones between tailings and embankment materials or subsous or zones between talllngs and
contaminated soils (such as described i in Larson and Keshian 1988) :

Since tallmgs charactenzatlon testmg (mcludmg consolidation testmg) has not been completed, analysis of
- tailings settlement is based on the anticipated method of placement and cover system loads on the talhngs
as well as published data on uranlum talllngs charactenstlcs ‘

Analysns of settlement was made ona prehmmary basis by companng the loadmg of constructlon equipment
to the subsequent loading of tailings and cover. For a layer of tailings at the bottom of the cell, the vertical
loading of tailings and cover would be approximately 5,700 pounds per square foot (psf). This is
approximately 4,300 psf for the tailings and 1,400 psf for the cover (38 ft of tailings at 98 pcf and 15 percent
water content and 13 ft of cover at 103 pcf-and 7 percent water content). For a Iayer of tailings at the top of
the cell, the vertical loadlng would be approximately 1,400 psf. , A

Since a large compactor is planned to roll the tailings (such as a Cat 815 or 825), the ground pressure (or
vertical loading under the wheels) would be as much as 9,000 pst (Caterpillar, Inc. 1996). Therefore, the
transient loading of the compaction equipment would impart a vertical stress on each lift of tailings that is
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larger than the vertical stress from subsequent tailings and cover placement. There may be some effects due
to the transient loading over a small area compared with a uniform load over the entire tailings surface, but
minimal additional settlement due to cover placement would be expected.

Settlement of the tailings was evaluated to check the magnitude of primary and secondary settlement of the

- tailings due to the loading of subsequent tailings and cover materials. From data in Keshian and Rager (1988)

on Title | tailings samples, the compression index (C.) for remolded, mixed tailings ranged from 0.01 to 0.1,
and the secondary compression index (C,) ranged from 0.003 to 0.01. By evaluating stresses at the mid-point
of the 38-ft thick zone to compacted tailings, the primary settlement of the 38-ft thick zone of tailings would
range from approximately 0.05 to 0.5 ft. Due to the construction schedule, settlement of one area of tailings
(due to subsequent tailings placement) may be nearly complete by the time cover construction is started. The
secondary settlement (over a 1,000-year period) would range from approxnmately 0.4 to 1.4 it (using the
procedure outlined in Larson and Keshian 1988).

In the event that downward migration of pore water in the tailings creates a saturated zone at the bottom of
the compacted tailings, this would be a post-construction effect, and gradual dissipation of pore water
pressures over the design period would not significantly change the void ratio of these tailings.

The multi-year construction schedule for the disposal cell provides significant time for tailings drying and
settlement prior to cover placement. Tailings will be placed in regions of the cell in lifts, compacted, and
covered with interim cover. These regions will subsequently be covered with the soil cover system. The
relatively thick cover is believed to be sufficiently thick to accommodate differential settlement without
detrimental effects. ThIS was evaluated by the calculations described below.

Cover Cracking

Cover cracking was evaluated by comparison of allowable strain for the cover materials with maximum
calculated strain due to differential settlement in the cover. The area of the cell with the highest anticipated
differential settlement (and associated largest horizontal strain) is inside the perimeter embankment.

The allowable strain for the cover materials was calculated using the equatlon in Caldwell and Reith (1993)
‘based on soil plastrcny index:

=0.05 + 0.003 PI

where e, soil tensile strain at failure (in percent)
= plasticity index of the cover soil

For the UMTRCA cover, with a weathered Mancos shale radon barrier with a Pl of 10, the maximum
allowable strain is approximately 0.08 percent. For the alternative cover with slopewash soils with a plasticity
index of 5 or less, the maximum allowable strain is approximately 0.06 percent. These allowable strain values
are consistent with the allowable strains presented in Larson and Keshian (1988) for similar cover soils.

The differential settlement of tailings along the perimeter embankment would be zero near the embankment
crest to as much as 1.9 ft at the inside edge of the cell excavation (conservatively adding primary and
secondary settlement). This amount of differential settiement over the inside embankment slope distance
(76 ft) is equivalent to a horizontal tensile strain of approximately 0.03 percent. This calculated strain is lower
than the allowable tensile strain for the soil, indicating acceptable cover performance.

Liquefaction

Although the tailings will be placed in the repository in an unsaturated condition, downward migration of -
porewater or inclusion of meteoric water may create zones in the tailings with saturated conditions. The
potential liquefaction of saturated zones of the tailings was checked with standard procedures outlined in
Day (1999), based on the classic paper by Seed and Idriss (1971). This involves comparison of the seismic
stress ratio due to the design seismic event with the seismic stress ratio that would cause liquefaction of the
tailings at a specific depth of analysis..
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Calculations were made at the top and bottom of the tailings. The stress ratio due to the seismic event was

calculated from the peak estimated acceleration at the ground surface of 0.22g. The stress ratio required for

liquefaction was based a conservatively estimated relative density of the tailings of 50 percent, based on a
tailings compaction at 90 percent of Standard Proctor density (using a correlation in Holtz and Kovacs 1981).

" For this relative density and two depths of analysis, the stress ratio required to cause liquefaction was higher

than the seismic stress ratio, indicating that if the tailings were to become saturated, the tailings would not
liquefy under peak seismic ground acceleration conditions.

Conclusion and Recommendations:

= The cover for the repository should not undergo significant settlement due to (1) the placement
characteristics (density and moisture content of the tailings), and (2) the compaction energies applied by
the equipment used to place the material. Due to the multi-year construction schedule and dry site
- climate, considerable tailings settlement would be expected before the cover is constructed over the cell.

*  Inthe event of differential settlement of tailings, an analysis of cover cracking shows that the maximum
calculated tensile stresses in the cover due to differential settlement are less than the allowable stresses
in the cover. In addition, the cover thickness (roughly 10 to 14 ft for the UMTRCA and alternative cover
designs) would allow some cracking without affecting the performance of the entire cover system.

.= Tailings liquefaction is not likely because of the placement of unsaturated tailings in the cell (as described

above), the density that the tailings will achieve with placement in lifts and rolling with construction
equipment, and the fines content of the tailings. In the event of zones of tailings becoming saturated, the
calculatéd stress ratio required to cause liquefaction of the talhngs is higher than the seismic stress ratio
for all of the cases consndered

Computer Source:

Not applicable.

~7
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Appendix A

Liquefaction Analysis
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FIGURE 112 View inside the collapsed first floor parking garape (arrows point to columne).
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EARTHOQUAKES

——

KN YCTI

Y. onv

Collapse of brick chimney, 1994 Nathridge, Califomia, cmtlguake,

primary types of damage have developed: (1) Tongitudingl cracks at the top of the dam
24 (2) crest settlement: In the case of the Shefficld Dam, a complete failure did oveur.
®ohably due to liquefaction of the very loose and saturated lower portion of the embank-
Tent | Sherard et al,, 1963).

12

'EARTHQUAKES

“Xoructure can be damaged by many different carthquake effects. Examples previously

¥midedinclude a lack of shear resistance (Figs. 11.1 and.11.2) and poor construction prac-

411 8%((Fig. 11.2). The purpose of the following sections is to provide a brief summary of the
emaon tarthquake cffects that nced 10 be considered by the geotechnical engineer,

tiape to buildings, bridges, dams, tunnels, canals, and underground utilitics (Lawson et
315 1908; Ambraseys, 1960; Duke, 1960; California Depariment of Water Resources, 1967;

;-,,iﬁ‘ Bnm I, 1970; Steinbrugge, 1970). Fault displacement is defined as the relative movement

¢ two sides of a fault, measured in a specific direction (Bonilla, 1970), Figure 11,4
&% the displacement of rock strata cavsed by the Carmel Valley Fault, located at Torry

“Faed, California, :




EARTHOQUAKFS 11.5

Bifornia, carthquake. The direction of the ground shear movement shown in Fig. 1161«
¥ #1ndthe northwest, The ground movement <heared both the conciete patio and adjacent

. Since most structures will be unable to resist the shear movement associated with sur-
fxé faulting and ground rupture, one design approach is to simply restrict construction in
o0, § H¢'ntive fault shear zone, The best ir.adividual to dclc{minc the location and width of the
i Xlive fault shear 7one is the enginecring geologist, Seismic study maps, such as the State
=t Califomia Special Studies Zones Mups (1982), which were developed as part of the
_‘.l\"sj\:.sl-l‘rinlu Special Studies Zones Act, delineate the approximate location of active fault
arees that require special geologic studies, These maps also indicate the approximate loca-
“24 of historic Lault offsets, which are indicated by year of carthquake-associated event,

well as the locations of ongoing fault displacement due to fault ereep, There are many
Mhet geologic references, such as the cross section shown in Fig, 4.2, that can be used to
Se-ify active shear fault zones. Trenches, such as shown in Figs, 4.20 and 4,21, ¢an be
fated across the fault zone to more accurately identify the width of the active fault
; . _ M | L WS RS EC dear pone. Critical structures, such as essential transportation tontes (see Sce. 2.2 that
I P N AL A | 3 Pl s~ 2o crass the active shear fault 7ones, will need special designs to resist the carthquake
. B :  feiesinduced hy ground rupture.

PORCES
i

< .
- - 2_4"' ¥
¢ Pk 1122 Lliquefaction

PO A Y "‘z%': : ,\ 5
. A TN I typical subsurface condition that is susceptible to liquefaction is a loose or very loose

-0, that has been newly deposited or placed, with a groundwater table near ground sur-
w:: be. During an carthquake, the ground shaking canses the loose sand to contract, resulting

e - & g . . . . -
,’\;‘233 merease in pore water pressure. Because the seismic shaking oceurs so quickly, the
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FIGURE 11,4 Caumel Valley Fault, Incated at Torry Pines, Califomia,

ES

movement daring the CGobi-Altai earthquake of 1957 (Florensov and Solonenko, 19
The length of the fault rupture can he quite significant. For example, the estimated lengh 4
of surface faudting in the 1964 Aaskan carthquake varied from 600 to 720 km (S:w:lgef‘ 50

LY

Havtie, 19066: I Tousner, 1970). v

A revent (geologically speaking) carthquake caused the fault rupture shown in Fig. 11820
The fult is fovated at the base of the Black Mountains, in California. The vetical fastt =
displacement caused by the carthquake is the vertical distance between the two arest 2
Fig. 1.5, The fault Jisplacement occusred in an alluvial fan being deposited at lheh‘f
the Black Mountains. Most struciires would be unable to accommodate the huge ve.
displacement showw in Fig. 11.5. e

In adddition to fault rupture, there can also be ground rupture away from the main #%8 3.5
of the fault, These gronnd eracke could be caused by many different factors, such asmete: g2
ment of subsidiary fanlts, anxiliary movement that branches off from the main fault exe,
of ground qnpture cansed by the ditferemtial or lateral movement of ‘md"l-‘"“_ "3" < R PAYRENLS Fault rupture at the hase of the Black Mountains Carrow s indicate the anwount of veitical dis-
deposits, Tor example, Fip, 116 shows ground supture during the 1993 Nonhade, 5 g:"i‘h.*mtmw-"\y!hccanhqu«\c).




U liquefactmn occurs in or under a dopme soil mass, the entire mass will flow or transla
Yrm.ly tothe unsupported side in a phenomenon termed a flow slide, Such slides also develop
" hwe, saturated, cohesionless materials during canhqucs and are reported at Chile (1960),
“.Bh (1964), and Niigata (1964). e

nuamplc of lateral movement of liquefied sand is shown in Fig. 11.7 (from Kerwin
“usd Stone, 1997). This damage occurred to a marine facility at Redondo Beach King
A Hihor during the 1994 Northridge, California, carthquake. The 5.5 m (18 f1) of horizontal
:l.umcm was caused by the hqucﬁcuon of an offshore sloping fill mass that was con-

! Thére can also be liquefaction of seams of loose saturated sands withina <lnpc Thiscan -

{txeee the entire slope to move laterally along the liquefied layer at the base. These types of

+ £ slope failures caused by liqueficd scams of soil caused extensive damage during the
“‘A! sskan earthquake (Shannon and Wilson, Inc., 1964; Hansen, 1965). It has been

that clopc movement of this type typically results in little damage to structures

t’n’cd of 'h¢ main slide mass, bul bmldmgs located in lhc mbcn area are \ubjcuh.d to

pisk
et

Jl-ml Fadort for Liquefaction of Cohesionless Soil. There are many factors that gov-
:hebqucfamon process. The most important factors are as follows:

Eanhquake intensity and duration.  In order to have liquefaction of soil, there must

tted, determines the shear strains that cause the contraction of the soil particles and the
thipment of excess pore’ water pressures leading to liquefaction. ‘The most common

FIGURE 11,6  Ground rupum‘. 1994 Norlhridgc, California, c:\nhi]ual'c.

cohesionless mll is subjected to an undrmnul loading (total stress analysis). The increae
in pore water pressure causes an upward flow of water to the ground surface, wheré ¥
emerges in the form of mud spouts or sand boils. The development of high pore watet pred
sures due to the ground shaking (i.e., the elfective stress becomes zero) and the up\mi
flow of water may turn the sand into a liquefied condition, which has been termed ligue:
faction, Struetures on top of the Toose sand deposit that has liquefied during an c.mhqum
will sink or fall over, and buried tanks will float to the surface when the loase sand ligue:
fies (Seed, 1970).

Liquefaction can also cause lateral movement of slopes and create flow shdes (I\h\h.m.
1493), Sced (1970) states:




Chon. of hqucl’ulmn is the seismic energy released during an canhquakc The potcnm!f'r
liquelaction increases as the earthquake intencity and duration increase, Sites located nex
the epicenter of majot carthquakes will be subjected to the largest intensity and durationef
ground <haking {i.c., higher nimber of applications of cyclic shear strain). Besides earth: o7
quakes, other conditions can cavse liquetaction, such as subsurface blasting. :

SSR--I)()Sr,( '"‘-‘)(v";") : (11.h
L LLAPN .

seismic shear stress ratio (dimensionless parameter)

peak acceleration measured or estimated at the ground surface of the site

(nvsh)

= acceleration of gravity (9.81 m/s)*

= total vertical stress at a particular depth where the liquefaction analysis is
heing performed (kPa) (in order to calculate the total vertical stress, the total

_ unit weight v, of the soil Jayers must be known)

o = vertical effective stress at that same depth in the wil deposit where o was

calculated (kPa) (in order to calculate the vertical effective stress, the loca-

tion of the groundwater table must be known),

[t}

i

).—‘ ~

2, Gromndwater table.  The condition most conducive to liguefaction is a near-< N,
groundwater table, Unsaturited soil located above the groundwater table will not liquefy.-

X Suil type. The soil types susceptible o liguefaction are nonplastic (cohesionless)
<ails, Seed et al, (1983) state that, on the basis of both lahoratory testing and field pcrfu
mance, (e great majority of clayey soils will not liquefy during earthquakes,

An approxinate listing of cohesionless soils from least to nost resistant to liquefacti
are clean sands, nonplastic silty sands, nonplastic silt, and gravels. There could be nume?:
ols exceptions to this sequence. Lor example, Ishihara (1985, 1993) describes the case of | ; o
tailings detived from the mining indusiry that were essentially composed of gmt.nd o
rocks and were classified as rock fonr, tshilara (1985, 1993) states that the rock flourins
water-satunated state did not possess significant cohesion and behaved as if it were aclen
sand. ‘These tailings were shown to exhibit as low a resistance to liquefaction as clean sar:

The term r, = depth reduction factor, which can be estimated in the upper 10 m of soil
: v iKayan ct al, 1992):

=1 (0M2)02) ) t1.2)

4. Soil relative density 1D, Cohesionless soils in a very loose relative density state e 7735
suseeptible o liquefaction, w Inh. the same soil in a very dense relative density state willnet
liquely, Very loose nonplastie soils will contract during the seismic shaking which wil
catise the development of excess pore water pressures, Very dense soils will ditate duria
seismic <haking and are not suseeptible to liguetaction.

shere 2 = depth in meters below the ground surface where the Tiguefaction analysis is
‘vm performed (i.e., the same depth uud to caleulate o, and ) )

2, Seimic shear stress ratio that will cause liquefaction of the soil. The second step
Jitto dctcrmme the seismic shear stress ratio (SSR) that will cause ligueluction of the in
sizesoil, Figure 11.8 presents a chart that can be used to determine the seismic shear dtress
. Pticle sice gradation, Poatly graded nonplastic soils tend to form more unxu‘ﬂc Sl o {SSR) that will cause liquefaction of the in sit soil. In onder to use this chart, the
P umlv arngements and are more susceptible to liquefaction than well-graded soils. "»: t2f+32 " realis of the standard penetration test (SPT) must be expressed in terms of the SPT (N,),,
T B n!uc. In liquefaction 'malych the SPT N, value [Eq. (4.3)] is corrected for the overbur-
Len pressure, When a correction is applicd to the SPT N, value to account for the effect
of overburden pressure, thcce values are referred to as SPT(N)),,, values, ‘The procedure
consivts of multiplying the N, value by a correction € in nnhrlm.lkul ite the STV,
vafue, or:

6. Placement comditions,  Hydrantic tills (fill placed under water) tend to be more <us- -
ceptible t liquelaction because of the loose and segregated soil strcture created by the <ol
particles falling through water,

,,-l

7. Drainage conditions, I the excess pore water pressure can quickly dissipate, tht
il may not liquefy. Thus pravel drains or gravel layers can reduce the liquefaction pn(m-
tial of .ul|.ucm wil,

8. Confining pressures, “The greater the confining pressure, the less susceptidle the
sail is 1 liquelaction. Conditions that can create a higher confining pressure are a deepet
gromndwater table, soil that is tocated at a deeper depth below ground surface, and aser- -
oh: wrge pressure applicd at ground surface. Case studies have shown that the possible roee.
of liquetaction usually extends from the ground surface to a maximum depth of about 151
(50 10, Deeper wils gene nlly Jdo not liquefy becanse of the higher confining prc“urts

tn

(M), = CylNoy - (OGN, TIK)

ahere (M), = standard penetration Nevalue corrected for both fiehd testing procedures
and overburden pressure

C, = vorrection factor 1o account for the overburden pressure [as indicated in
Eq. (11.3), C; is approximately equal to (10/er "2, where o] is the ver-
tical effective stress in kPa)

N,, = standard penetration N-value corrected for testing procedures [note that
N, is calculated by using Eq. (4.3)}

9, Aging. Newly deposited soils tend to be more susceptible to hqucfactmn thanold =+
deposits of soil, Olter soit deposits may already have heen subjected to seismic shaking ex .
the <oil particles may have deformed or been eompressed into more stable arrangemenze..

Once the corrected SPT (N, ), has been calculated, Fig. 11.8 can be used to determine
** he seismic shear stress ratio (SSR) that will cause liquefaction of the in sitie soil, Note that
Fig. 11.R is for a projected carthquake of 7.5 magnitude, The figure also has different
- rurves that are to he used according to the pereent fines in the soil. For a given (N,),,, value,

quurfndmn Analysis,  The most common type of analysis to determine the liquefaction
potential is to use the standard penctration test (SP'T) or the cone penetration test (CPT}
(Seed et al., 1985: Stark and Olvon, 1995), The analysis is based on the simplified method
proposed by Seed and Ldeiss (1971), The method of analysis is as follows:

'l'un“y lhe engineering gevlogist will determine the p¢1\ aceeleration at the ground anface ot the site from
e wclsmicity, and attenuation studies. Typically the engincering geologist provides a peak ground aceeleration in
8¢ foerd of 0 /€ = & constant. For example, the enginecring geologist may determine that the peak groond sutface
wieleration st a site is 4y, /¢ - 0.1, in which cae the value of (11 (dimensinaless) s subtitnted into - (10.1) in
© peeufagfe

1. Seivmie shear stress ratio (SSR) eatesed by the earthquake,  The first step in thelige -
uelaction analysis is to determine the seismic shear stress ratio (SSR). The seismic shext
stress ratio induced by the carthquake at any point in the ground is estimated as followy
(Seed amd kliiss, 1971):




= of 3m. If the carthquake magnitude (M) = 7.5, will the saturated cléan sand liwnté .
- &pthof 3 m below ground surface liquefy during the anticipated carthquake?
.~ Solution.  From Prob. 18 (Chap. 6), o/, = 43 kPa and N, = S. Using the total unit

[13]

. »eights from Prob. 18 (Chap. 6), o, , = 58 kPa. Since z = 3 m, r, = 0.96. Using the fol-

0.6 L T T T
Percent Fines = 35 15_ <5

keeing values:

05
: r, =096

sale =04

(_"-o/"' o) = (58/43) = 1.35

0.4 :
linserting the above values into Eq. (11.1), we find the seismic shear stress ratio (SSR)
cagsed by the earthquake is .34,

: Thenext step is to detcrmine the seismic shear stress ratio (SSR) that will cause lique-
faction of the in situ soil. From Prob. 18 (Chap. 6), the N-value corrected for field
. fedting procedures (Ng) = 5, Using Eq. (11.3) with o7, = 43 kPa and Ny = 5, we find

03

'SEISMIC SHEAR STRESS RATIO

N 0.5
0.2 T T T
M=75
0.1 :
: QO o4}
<
0 ) . ! o (o]
0. 10 20 30 40 50 ”
~ CORRECTED SPT BLOWCOUNT (Ny)gy - 0 o
- : 160 w
FIGURE 118 Relationchip between scismic shear stress ratio (SSR) triggering liquefaction and ) =
(N}, values for clean and «ilty sands for M = 7.5 carthquakes, (After Seed and DeAlba, 1986; repro- (/2]
duced from Stark and Olson, 1995; reprinted with permission of the American Society of U o
Enginecers.) . . < o2
~ w .
soils with more fines have a higher seismic shear stress ratio (SSR) that will cause ligue- )
faction of the in sife svil.” : ’ : O
Figure 11.9 presents a chart for clean sands (5 percent or less fines) and different mag: S oil-
nitude earthquakes, The magnitude 7.5 curve in Fig. 11,9 is similar to the magnitude 7.5 T
curve for 5 percent or less fines in Fig, 11.8. ) ' 1]
3. Compare seismic shear stress ratios, 'The final step in the liquefaction aralysis is 14p]
to compare the seismic shear stress ratio (SSR) values. If the SSR value from Eq. (1.1}
is greates than the SSR value obtained from cither Fig. 11.8 or Fig. 11.9, then liquefaction ' I | |
could occur during the earthquake, and vice versa. ' 0 0 o ) 30 70

Example.  1tis planned to construct a buililing on a cohesionless soil deposit (fines less
than 5 pereent). There is a nearby major active faultand the engineering geologist has deter-
mined that the peak ground acceleration (a,,) = 0.4g. Assume the site conditions are the
samne as stated in Prob. 18 (Chap. 6), i.e., a level ground surface with the groundwater table
located 1.5 m below ground surface and the standard penetration test perfonmed ata depth

.CORRECTED SPT BLOWCOUNT (Nso

FIGURE 11,9 Relationship between seismic shear stress ratio (SSR) triggering ligue-
faction and (N,),,, values for clean sand for different magnitide earthquakes. (After Seed
etul., 1983; reprinted with permission of the American Society of Civil Engineers.)




The - S Entering Fig, TER with (V)),, = 8 and intersecting the curve labeled SS?; My

fines, the seismic shear stress ratio (SSR) that will cause liquefaction of the in sit sof]
adepthef 3m = 008, : L3

The tinal step is to compare the SSR caused by the earthquake (SSR = 0.34) witht2
SSR that will cause liquefaction of the in site soil (S8R = 0.08). From a comparison of
the SSR values, it is probable that during the earthyuake the in sifu sand located ata depdh
of 3 m helow ground surface will liquety,

. - . . e . ) et
In the above liguefaction analysis, there are many different equations and correctiond 3

that are applied to the seismic shear steess ratio (SSR). For example, there are four diffet
ent conections (£, C,, €, and o7,) that are applied to the SPT N-value in order to calei;
late the (V)),,, value. All of these different equations and various corrections may provide s
the engineer with i sense of high accuracy, when in fact, the entire analysis is only a gros {
approximation..The analysis should be treated as such and engineering experience and
judgment are cssential in the final determination of whether or not a site has liquefxctice!
potential, . ' 24

P

>

11.2.3  Slope Movement and Settfement

Besides. liquefaction of loose saturated sands, other soil conditions can result in slope
movement or settlement during an eanhguake. For example, Grantz et al. (1964) descrih
an interesting case of ground vibrations from the 1964 Alaskan earthquake that cauced 0
m (2.6 1t} of alluvivm settlement. Other loose soils, such as cohesionless sand and grasels
will also be susceptible to settlement due to the ground vibrations from carthquakes, .-
Slopes having a low factor of safety can experience large horizontal movement d!

include those slopes composed of soil that loses shear strength with strain (such as s
sitive soil) and ancient landslides that can become reactivated by seismic forces (Day asd,
PoLal, {U96), : -

11.2.4 Translation and Rotation

Anunusial effect eaused by earthquakes i< translation and rotation of ohjects. For exam.
ple, Fig. 11,10 shows a photograph of a brick mailbox that rotated and translated (moved
laterallyy diiring the Northridge carthquake, The initial position in Fig. 11.10 refers to e
pre-corthquake position of the maithox,  ~ h

Larthquakes have caused the rotation of other muvable ohjects, such as grave mark-
ers (Athanasdpoulos, 1995; Yegian et al., 1994); According to Athanasopoulos (199%)
such objects will rotate in such 2 manner as to be aligned with the strong component of
the ecarthquake. Besides rotation, translation (lateral movement) can also oceur during i
carthquake. The ohjects will tend to move in the same direction as the propagation &,
energy waves, Le., in a direction away Irom the epicenter of the earthquake, '

11.3 ESTIMATING EARTHQUAKE GROUND
- MOVEMENT : '

Often the geotechnical engineer will be required to estimate the amount of foundation div
placement catsed by carthquake-induced soil movement, For example, the Unifors -

i 13,84

\

P Lo
%

AT, . e :
H 8 PV A2 0 WG |

{RETL.10  Rotation of brick mailhox, 1994 Northridge, California, carthquake,

ailting Code (1997), which is the building code required for construetion in California,
e {eode provision submitted by the author, adopted in May 1994);

. The potential for soil liquefaction and soil strength Toss during eartheuakes shall be evalu-
* wedduring the geotechnical investigation. The geotechnical report shall assess potential con-
“iequences of any liquefaction and soil strength Tons, including estimation of differential
wttlement, fateral movement or reduction in foundation s il-bearing capacity, and discuss mit-
igating measures. Such measures shall be given consideration in the desi 2n of the building and
may include, but are not limited to, gronnd <abilization, selection of appropriate foundation
_tyre and depths, selection of appropriate stnivtural systenis to accommodate antivipated dis.
- plicement or any combination of these measures.

The intent of this building code requirement is to ubtain an approximate estimate of the
; ondation displacement caused hy the carthquake induced soil movement. In terms of
¥euracy of the calculations used to determine the carthquake induced soil movement,
Tekimatsu and Seed (1984) conclude:

It should be recognized that, even under static loading conditions, the error associated with
the estimation of settlement is on the order of £25 1o S0%%. It is therefore reasonable to expect
less accuracy in predicting settlements for the more complicated conditions associated with
- earhquake loadin,.... In the application of the metheds, it is essential t cheek that the final

* - results are reasonable in light of available expericnce.

Peudostatic Approach. A vast mujority of foundation and earthwork designs are based

“enthe pseudostatic approach (Coduto, 1994), This method ignores the cyelic nature of
- exthyuakes and treats them as if they apply an additional static force upon the slope, retain-

g wall, or foundation element. For example, as will be discussed in Sec. 15.3, a common
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Appendix B

Loading Due to Construction Equipment
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| .
Track-Type Tractors ‘Specifications
X OB =

_MODEL ____DSEF D6M XL D6M LGP D6G

PR 105hp @ *03kW  140hp | 1C4KW  140hp | 11€EKW  155hp
o - ,"55050.g 33,2001b 165C3k; 36,4001b (1543Zkg 34,028 Ib
©"1TIAg 256000b — - -
= ] 3306 . 3116 3116 3306
Bates Evpn BPUA, Fo ' 1750 s 2200 2200 1900
rent D ‘ f— . - st
SOy ' 6 ‘ 6 e - .6
; 475 1% e 41" | 305mm 41" 121 mm 475" -
: € ,uTmm 500 li2rmm 50 152 mm 6
€3eint  55L 403in* | 6EL 403 in® 105L 638 In?
; 6 } 7 i 8 7
P asTam 18 l&omm 24" ! e60mm 3" 508 mm 20"
Lzate 87" | 285m 100" ] 30em 121" 2.67m 105°
Chier WS Shoes | 2CEm 315400 1 300m 4743in? ! 53Cm’  8217In? | 272m?  42161n?
: Pz m 60" ; 189m e ) 2tem 85" 1.88m 74"
SENEFAL D.NENSIONS ‘ )
Homt (Snmped Tan e 66"  230m 765" L 241, 711" 210m 611"
Hoaght ‘To ey ot ROPS Casopye - i 202m 91" | 3.14m 104 ' -
Haig iTo Top of ROFS) j 2e5m 98" - ; .= 320m 10’5
i o Top of Cud ROFS: : — | 3.06m 101" | 319m 10'6" -
T Bane, - I 48om 159" 537m 17'8" -
: - S EFem 123" ' 415m 137" -
o & Badet ! —_ - 492 16'2" - 5.00m 16'4"
e Blode: 38Em 128" | 374m 12'3* 415m 137" 394m 12'9*
Wogen (Ovar Trunnion: - i 319m 106" -_ -
Ve B2 Trarn.on .
— S5 Sv0ey ; 2car 68° | 249m 82" 3.02m 11~ 239m 710
Groune C'n j &77 e 109" 425 rm 167" 53 mm 21.2" 310 mm 12.2"
' '
; - g - ‘ - 3.20m 106"
¢ ESem 1011 — — 3.50m 12'9%
; ST m 10°6" - i 3.20m 106"
— — ) —
2T 108" 408 13'5" ' -
3 300L 80US.gal

2"1L  822US.gal’ 311L  B22US.gal

arh Pysrantie convols and fu.gs, stra:ght dazer with Wt (UPAT or OS5V LGP and DeM;

HEL BE AR F3S 3y 1OPOT BEYTZIantes -

.




Track-Type Tractors

-« Siorearz Snce

R e ARy,

i

o

t Ground Pressures
) '

GROUND PRESSURES
Pressures computed from operating weights given ear- SHOE CONTACT GROUND
tier in this section in the specitications tables.’ MODEL WIDTH AREA PRESSUR
SHOE CONTACT GROUND [mm _in w2 kP2 psi
MODEL WIDTH =~ AREA PRESSURE D8+ XL «! 560 22 338 4888 ; €0 B.6C
fmm | m* 7 | kP2 psi Scres ) P10 24! 344 85332 | 55 7.9%
03C Series | 356 14 | 135 2007 | 52 72 DER XL (GE ¢ | A
<1406 16 | 152 2396 '445 6.45 Seres i 7€2 30 | 4.3 6636 44 6.5¢
BaC XL OeH XR «|565 22{zca 4770 | 65  BE&
Series Il 406 15 1 1.67 2589 |25 6.6 Series U €124 1336 5203 56 80
D3C LGP DEH L.GP 762 30 493 7662 |. &1 5.8
Seties i 635 25 | 261 4045 |286 _4.15 Senes i N ?é’c ggi :fg :;:‘: g; s
D4C Seriestil {406 16 | 1.67 2583 423  6.15 - o —— =
D2G XL DTG «,8C6 20] 27 4280 73 106

- <559 221304 aT08 | €€ 66
23':5 (;\P 457 18 1202 3132 1362 525 e 24l 331 s136 | 60 ss

L : | .

- D7H Series it s1¢  201{ 29¢ 4s60 | €2 117
Series iii €35 25 | 261 4045 3¢ 4.2 <! 560 22132 5016 7% 108
DS5C Series i1 457 . 18 1 197 3038 43 6.0 0 28! 2383 88720 69 9.8
DSC Xt i 660 26 | 3E2 5928 | 65 9.
Sedes Il 508 20 | 2.36 3648 ; 35 5. D7HXR Scries It | 56C 22 | 343 §315 | 716 104
D5C LGP ; <« 610 28] 375 5808 | 659 6.
Series il 660 26 | 2.83 4389 lsc.s 44" €60 261 406 6282 | €12 8.
DSM XL <510 20 | 244 3775 1 43 683 DTHLGP 760 30| 48 7504 | 54 7

560 22 | 267 ata6 | 44 622 Seres i 915 36 | 582 9029 | 46 6

DSM LGP Jewc 24 1318 4922 } 30 564 DeR ., ° <] 6682 22 350 5565 }1011 14s

« 1760 30 | 39 6133 ] 32 453 610 24 § 391 €062 | 928 13,

770 30 ) 401 6213 ) 31 447 660 26} 423 6559 | 859 12

DS5E 406 16 { 177 2745 | 62 a.00 ! 710 28 1 ¢55 7056 | 78.7 11,

«l457 18 {199 3085 | s5 798 DR LGF* jges 381 ez 9576 ! 586 8.

D&M XL - Jsed 22 f289 4427 .} 82 7.49 DoR {550 22| 386 6009 {121.1 17,

: <600 24 1306 4743 | 48 699 <! €10 24| 22 6569 1108 16

DEM LGP T7ic  2e | 43¢ 6783 | 37  5.36 ges 727} 474 7374 {987 14

«|86C 3¢ 153c.-8217 | 31 443 760 30 ! £26 8194 i8R8 12

855 34 1632 B284 ) 37 440 ioplet} <1810 241273 7326 11382 19

C8G Jj4sT 18 243 3766 | 62 B70" 710 28| 550 8527 11171 17

<1508 20271 4200 | 5¢ 7.3 862 315! 666 103281967 14

560 22 | 2.2 4519 1] 7,10 O11R P | T1e 28 =1 a8l 11528 22

610 24 1325 5040 | 45 654 CP B 324 720 11,158 %-.ss.s 3¢

DEH Seresti « | 565 22 {292 4518 { 63 6.82 i €15 36 ! €12 12605 {11€€ 17
1E10 26 3B 4930 Se 834 <5§a~.:a:: shee - “SHered as 2 Sustor Procul

NOTE: Ground contact area = width of track sh
> length of track on ground ». 2.

_ _operaling weigh

Ground pressure

ground contact ar




Soil Compactors

MODEL

Specifications
® Rimpull

St

B815F

Flywhee! Panor 153 WV 220 hp A RALN 315 hp
Operatng Weig-t” 2C 679 A3 45934 1b IR ie R Yol 69,826 Ib
Ergre Modei 3306 DITA 3406C DITA
Rates Engne RPA ! 2200 2100
No. Cylindars H . 6 ] 6
D:spiazement : 1054 638 in® iEXAN 883 in*
Speeds: o :
Forward : 4 : 2
Reverse ! 4 R 2
Turming Circle w.'h Biade ! 12.6m : 41's* . 1<Emr as'0"
Fue! Tank Fefili Capacity i 464 L 122.6 U.S. gal ; 63CL 166.5 U.S. gal
TAMPING FOOT WHEELS: ; f
Each Drum Wiath { 78 mm 38.5" ' 1125 mm 44.3"
D ameters. over foet i 1.42m 55.9" : 168 M 66"
over erur i 1.03m 40.5* ! 128 m 51"
Feet per Wree! ; - 60 ’ 65
Feet per Raw H 12 | 13
Rows ¢f Foel 5 : 5
Foot Length ' 198 mr 7.8" 220mm 87"
End Area Per Foot ; 116 e’ 181in° : 183 ¢ 28.4in°
Width of Two Pass Coverage | 435m 143" ! 488 m 16'0"
GENERAL DIMENSIONS: ;
He.ght (tog of ROFS; i 334im 110" ! 3.74m 12'3"
Height istripped top)** ; 2.39m 7'10" 265 ™ 88"
Whee Base | 235m 110" : 37Cn 122",
Overall Length vt Dezer : 6.52 22'5" ‘ £28m 271"
Widtn over Dume 32im 108" . 265 120"
Gicurd Cicaance | 228 e 16" 3sEmr 12
STRAIGHT BULLDOZER: {
VYhoth : e 124" G 152"
8.62m 210" : 27m 33"
L e £ants, pulldnzes, Byrtrautics, BOPE carooy, (5140t ank 30 nornLir
DO £y COMCVRT AR MM el
L 354 bz )
e ik 815F sean adn 825G
5 2 T T Y T 1
sz ;o oy Dt
S i ' i : ! f '
W T |
% - \ R P e T i
- - 15 - - j v, . J—
5’ . 12 l l . i i 2 e \ .
e 2 \\ P 1 D [ A :: o e s
CSE SRS S . AN I
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Problem Staterhent

To determine the hydrometeorological characteristics of the Crescent Junction site, Utah, at 38.96°
North, 109.80° West, elevation 4,950 feet amsl for the following designs during and after remedial

action:

A. During remedial action at the disposal site:

1. 10-year, 60-minute storm to sizeb ditches ar;d erosion protection

2. 10-year, 24-hour storm to size wastewater retention basins

3. -25-year, 60-minute storm to size emergency spillway of the basins
B. After remedial action at the d.isposal site:

1. PMP storm intensity and duration to size ditches and design erosion protection for ditches
and embankment -

Method of Solution

For remedial action at the disposal site, look up point-precipitation frequency estimates on NOAA
website and download the results.

For post-remedial action at the disposal site, use HMR No. 49 to calculate PMP storm intensity for
general storm PMP and the local-storm PMP. Select most intense storm for design purposes.

Assumptions

Standard procedures used to calculate design storms and PMP will be protective of human life,
infrastructure, and environment. :

Calculation

During remedial action, rainfall will be determined from the NOAA precipitation-frequency atlas for
Utah (Ref 1).

\

The design storm information was downloaded from the NOAA website:
http: //hdsc nws.noaa. govlhdsc/gfds/salut pfds. htm .-

Point precipitation frequency estimates were drawn directly from http://hdsc.nws.noaa.gov/cgi-
bin/hdsc/buildout.perl?type=pf&series=pd&units=us&statename=UTAH&stateabv=ut&study=sa&seas
on—All&mtvoe 3&plat= &Dlon-&hststatlon-—THOMPSON+++++++++++++++++UT+%2C+42-

lon&xy20=Iat&xy21=-lon&xy22=lat&xy23=-lon. The data from this websute are presented in
Appendix A. The de&gn—stoym data are presented i in Table 1.

After remediation, rainfall will be determined for the Crescent Junction disposal site from the general
storm PMP or the local-storm PMP, whichever is more severe, according to HMR49 (Ref. 2). The
watershed areas of the proposed diversion ditch (if reqwred) and the proposed tailings site are each
less than 10 mi%; therefore, no degth—area correction is required for the PMP. The basin area of the

" Crescent Wash drainage is 22 mi*; therefore a depth-area correction of 98% is required to compute

the general storm PMP. The minimum site elevation for the project is approximately 4,950 ft ams!.

-The wet season of the site is from July to October. The general storm PMP and the local-storm PMP

are calculated as shown in Appendix B. The maximum general-storm PMP, which occurs during the

U.S. Department of Energy Crescent Junction Site Characterization—Site Drainage - Hydrology Parameters
September 2005 ’ . _ Doc. No. X0113000

Page 2




month of August, has an estimated maximum intensity of 4.7 inches in 6 hours. A comparison of the
general-storm and the local-storm PMPs indicates that the‘intensity of the local-storm PMP, which
carries an estimated depth of 7.4 inches in 6 hours, exceeds the intensity of the general-storm PMP;
consequently, the local-storm PMP should be used for engineering design purposes in accordance
with Section 4.1.3 of the Technical Approach Document (DOE 1989). The estimated precipitation

depths for the local-storm PMP are presented in Table 2.
Discussion:

Not applicable

Conclusions and Recommendations:

Table 1. Summary of Desigri Storm Data for the CreScent Junction, Utah Site

Recurrence Interval : Rainfall Inches for Duration Hours
.(years) " 60minute _ 24 hour
10 0.8 inches 1.63inches -
25 1.07 inches R e L

Table 2. Estimated Precipitation Depths For Local-Storm PMP, Crescent Junction, Utah Site

- First | Second Fourth |. Fifth | Sixth
Hourly Increments Hour |  Hour Third Hour Hour Hour | Hour
PMP Depths (inches) 0.1 0.3 6.0 0.7 0.2 0.1
Third-Hour R
Component Depths 43 08|06 | 03
(inches)

Computer Source:

Not applicable

U.S. Department of Energy * Crescent Junction Site Characterization—Site Drainage - Hydrology Parameters
September 2005 . . Doc. No. X0113000
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Appendix A |
Point Precipitation Frequency Estimates
From NOAA Atlas 14




Precipntation krequency Lata derver

FROM NOAA ATLAS 14

Utah 38.96 N 109.8 W 4954 feet
from "Precipitation-Frequency Atlas of the United States” NOAA Atlas 14, Volume 1, Version 3
G.M. Bonnin, D. Todd, B. Lin, T. Parzybok, M.Yekta, and D. Riley
NOAA, National Weather Service, Silver Spring, Maryland, 2003

Ex cgcc_!: Thu J_ul 7 2005

POINT PRECIPITATION FREQUENCY ESTIMATES

rage 1 vt v

| Precipitation Frequency Estlmates (inches) -
| ARI* ?IFO 15 3qW 120 3 [ 6 [[a2][24|[a8]f 4 ] 7 |10 20][30]as]e0]]
(years)|| min j| min |[{ min || min || min || min || hr || hr || br || hr || hr || day || day || day || day ||day||day| day
[ 2 014 }[o.21 ][0.26 ][0.35 J[0-44 ][0.53 ][059 ][0.73 ][0-89 J[1.16 ][1.34 ]{1.49 ][1.66 |[1.83 ][2:25 |[2.:70][3.19]B3.71]
[ 5 Jl0.20 Jfo.30 ][0.38 J[0.51 ]jo.62 ][0.73 1[0.79 J[0.94 ][1.15 J[1.42 |[1.64 J[1.83 ][2.03 |[2.24 ][2.77 |[3.29][3.89][4.54]
[ 10 J[0:25][039 ][0.48 ][0.65 ]0-80 ][0.91 J[0.97 J{1.13 ][1.36 |[1.63 }{1.87 |[2.10 }[2.33 |[2.57 |[3.18 |[3.75][4.42]|5.16]
. |25 Jjo34 Jjo.52 fo.64 Jfo.87 J[1.07 J[1.21 ][1.26 Jj1.42 ][1.65 ][1.91 ][2.20 |[2.47 )[2.75 |[3.01 |[3.73 |[4.34][5.12][5.97
1150 llo.42 Y[0.65 }[0.80 111.08 |[1.34 ][1.49 ||1.52 |{1.66 |[1.90 |[2.12 |[2.45 |[2.76 |[3.05 |{3.34 ||4.14 ||4.79}|5.64]l6.56
[ 100 ][0.53 J[0-80 ][0.99 ][1.33 ][1.65 |[1-82 ][1.84 |[1.95 |[2.16 ][2.35 |[2.71 |[3.05 ]3-38 ][3.68 ][4.56 |5.23][6.15][7.14]
200 [[0.65 [[0.98 J[1.22 ][1.64 |[2.03 [[2.23 |[2.25 |[2.35 |[2.47 |[2.58 |[2.98 |[3.36 |[3.71 [[4.01 |[4.97 |[5.66][6.64](7.71]
500_[0.84 |[1.28 ][1.59 ][2.15 |[2.65 |[2.88 ][2.89 ][3.00 |[3-11 |[3.15 |[3.34 |[3.77 ]{4.15 ][4.-47 |[5.54 ][6.22]{7.28][8.43]
| 1000 |[1.03 |[1.57 ][1.94 J[2.62 ][3.24 |[3.49 |[3.50 |[3.60 [3.69 |[3.73 {3.77 ]j4.09 ][4.50 ][4.82 ][5.95 ][s. 63]|_j[__]

RS ”gﬁ‘Vé%léfﬂ?ta'bl_ ] * These precipitation frequency estimates are based on a partial duration series, AR is the Average Recurrence Interval.

-

http://hdsc.nws.noaa.goy/cgi-bin/hdsc/buil\ddut.perl?typeﬁ)f&series=pd&unitsﬁs&statena...

~“-] Please refer to the documentation for more information. NOTE: Formatting forces estimates near zero to appear as zero.

7/7/2005
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Partial duration based Point Precipitation Frequency Estimates Version: 3
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http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&series=pd&units=us&statena... ~ 7/7/2005
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Partial duration based Point Precipitation Frequency Estimates Version: 3
38,96 N 109.8 U 4954 ft ’

X

\

N\
NN

Precipitation Depth (in)-

&

ALY

3N
\
N

\
AW

N
A

RN

LY

il l*

S-min

Thu Jul 87 15108129 2005

18-min
1S-min

38-min
99-mih
129-m
3-h
4-hr

\

L &
i
v ©

2-hr
18-hr
24~hr

Duration

36-hr
48-hr

3-day
4-day

S-day
7-day

18-day

15-day
20-day

30-day
45-day
60-day

Average Recurrence Interval
(yedrs)

1 in 2

1 in 5

1 in 190

.. 1 to 25

——

—r—
—fF—
——

1 in
1 in
1 in

1 in 1

168 —
200 ——
500 ——
908 -~e—

Confidence Limits -

* Upper bound of the 90% confidence interval

Precipitation Frequency Estimates (inches)

ARI**
(years)

5

min

10 || 15 (| 30 || 60 |[120¢ 3

min || min || min |{ min || min || hr.

=,

hr

12 || 24
hr || hr

48 .
hr

4
day

7
day

10
day

20
day

30 {{ 45 || 60
day|lday||day

2

0.16 |

0.25 ]{0.30 {{0.41 {[0.51 ]{0.60 J|0.66

0.82

1.00 ||1.25

143

[1.61 |1.80

1.99

2.46 |[2.92][3.45][4.02

5 023

0.35 J10.43 |[0.58 Jfo.72 Jl0.83 }[0.88

1.06

1.27 |j1.52

1.74

1.96 Jj2.19 |2.42

3.02 |[3.56)[4.19}(4.89

[ 10

0.29

044 Jl0.55 }[0.74 Jj0.92 ||1.03 |[1.09 }[1.28

1.50 |[1.75

1.99

2.24 j2.51 |[2.77 |]3.45 }[4.06]|4.76]{5.55]|

| 25

0.40

0.60 |[0.75 }]1.00 ]{1.24 |{1.38 |1.43 |{1.60 |[1.85 [2.06

2.35 |

[2.65 |

2.96

3.25°

14.04 |

4.71|[5.51][6.41}

[ 50

{0.50

0.76 1{0.94 |[1.26 |[1.56 ]|1.71 |[1.73 ][1.90

[2.12 [2.32

2.63 ||2.95 |

3.29

3.62

[4.50 |

5.20}l6.08][7.08]

[ 100

0.62

0.94 ][1.16 |[1.56 ]{1.94 |{2.11 |{2.13 |[2.25

2.46 12.59

2.94

3.28

3.66

4.01

[4.99 |

5.71)16.65||7.74|

| 200

0.77

1,17 |[1.45 ||1.95 |[2.41 |[2.61 ||2.63

2.75

2.86 |[2.87 |

3.26

3.65

4.05

4.41

547 |

6.22|[7.21)[8.41|

[ 500

1.02 }}1.55 |]1.93-{[2.60 ||3.21 }|3.47 |[3.49

3.58 |

3.67 ||3.70 |

3.71

[ 1000 |

127 |[1.94 |[2.40 |[3.24 ][4.01 J{4.28 J4.30

4.37 |

4.42 |[4.47 |

4.51

[415
4.58

4.62

[5.08]

4.96

6.15 |

6.91)17.97]/9.27|

5.43

6.69 |

7.42][8.55}(9.96]

* The upper bound of the confidence interval at 90% confidence levet is the value which 5% of the simulated quantile values for a given frequency are greater than.
** These precipitation frequency estimates are based on a parfial duration serles, ARl s the Average Recumrence Interval. -
Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero to appear as zero.

|

* Lower bound of the 90% confidence interval
Precipitation Frequency Estimates (inches)

-

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&series=pd&units=us&statena... ~7/7/2005
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ARI**|l § 15 || 30 || 60 {{ 120 3 6 ||'12 (24 48| 4 7 |} 10 || 20 || 30 |t 45 |} 60
(years)|| min {| min || min || min || min jj minj| br || hr {[ hr || hr || hr || day || day || day || day ||day||day| day

u [ 2 jo.12 ]jo.19 j{0.23 }[0.31 ]l0.39 [{0.47 J0.53 }{0.66 ][0.81 |[1.09 ][1.26 |{1.40 |{1.56 |[1.71 |[2.08 }[2.50][2.94][3.44]
L5 10.17 J0.26 ]|0.33 [0.44 J|0.54 J|0.65 |0.70 }[0.85 ||1.03 J[1.33 |{1.53 |[1.70 ||1.89 |}2.08 {[2.56 ]|3.03][3.58]}4.19]
[ 10 Jfo-221f0.33 ]0.41 J[0.55 J[0.69 ][0.79 J[0.86 J[1.01 Jf1.21 ][1.52 ][1.75 ][1.95 ][2.16 J[2.38 ]]2.91 |[3.44][4.07][4.76]
{25 (0.29 ]j0.44 |l0.54 ][0.73 ]{0.91 [1.03 |[1.09 |{1.25 }[1.47 [1.78 ]{2.04 |[2.27 ]|2.52 ||2.76 [3.40 |3.98]l4.67]|5.47]
[ 50 035 ]l0.53 ]{0.66 ]|0.89 |I1.10 |{1.24 [[1.29 ][1.44 ][1.67 ][1.97 |[2.25 ][2.51 |[2.77 |[3.04 |[3.75 |[4.36][5.12][5.93]
|t 100 [0.42 ]j0.64 |{0.80 ][1.07 J{1.33 ][1.48 ][1.54 |[1.66 ][1.88 ][2.17 |[2.46 }[2.74 ][3.02 |[3.30 |[4.09 ]{4.71][5.53][6.45]
[ 200 }[o.507[0.76 ][0.94 J[1.27 |[1.57 ][1.75 |[1.82 ][1.96 |[2.12 ][2.35 ][2.66 |[2.98 ][3.27 |[3.55 |[4.41 |[5.05][5.91][6.83]
_[LL500_{j0.62 ][0.94 |{1.17 {1.58 [{1.95 [[2.16 |[2.25 |[2.43 [[2.61 |[2.64 |{2.92 |{3.27 |{3.59 |(3.87 |{4.83 ]{5.46][6.39]7.42|

[1000 J0.73 1111 ][1.37 ][1.85 |[2.29 ][2.51 ][2.63 1[2.85 |[3.06 |[3.09 |[3.12 1[3.49 |[3.81 ][4.10 |[5.12 |[5.74][6.73][7.80}

- *The lower bound of the confidence interval at 90% confidence level is the value which 5% of the simutated quantile values for a given frequency are less than.
** These precipitation frequency estimates are based on a partial duration maxima series. ARI ks the Average Recurrence Interval.

Please refer to the documentation for more information. NOTE: Formatting prevents estimates near zero o appear as zero.
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Other Maps/Photographs -

View USGS digital orthophoto quadrangle (DO Q) covering this location from TerraServer; USGS Aerial Photograph
may also be available

from this site. A DOQ is a computer-generated image of an aerial photograph in which image displacement caused by terrain
relief and camera tilts has been removed. It combines the image charactenstlcs of a photograph with the geometric qualmes
ofa map. Visit the USGS for more information.

Watershed/Stream Flow Information -

Find the Watershed for this location using the U.S. Environmental Protection Agency's site.

Climate Data Sources -

Precipitation frequency results are based on data from a variety of sources, but largely NCDC. The following links provide

general information .
about observing sites in the area, regardless of if their data was used in this study. For detailed information about the

stations used in this study,
please refer to our documentation.

Using the National Climatic Data Center's (NCDC) station search engine, locate other climate stations within:

166%7| of this location (38.96/-109.8). Digital ASCII data can be obtained

dxrectly from NCDC ‘

Finci Natural Resources Conservation Service (NRCS) SNOTEL (SNOwpack TELemetry) stations by visiting the
Western Reyional Climate Center's state-specific SNOTEL station maps.

Mydrometeorological Design Studies Center
DOC/NOAA/National Weather Service
1325 East-West Highway

Silver Spring, MD 20910

(301) 713-1669
Questions?: HDSC.Questions@noaa.gov

Disclaimer

http://hdsc.nws.noaa.gov/cgi-bin/hdsc/bpildout.perl?type=pf&series=pd&units=us&statena... 7/7/2005
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LJ General-Storm and Local-Storm PMP Estimates




General Storm PMP Computation
| July




.o -o..-,.m.(

150

-Table 6.1.--General~storm PMP computations for the Colorado River and Great

basin

Drainage C'fe;a-l ﬁ.:/na D:-rpa:ns/ Snlc f/eu Sv00 Area /655-'"‘{’44'1 m12 (kmz)
Latitude 38°57's0'y Longitude __ .of basin center 109° 4¢' 00" w

(3'8 * Nj- Mot_\t:i’\ -Tul; . @9'80 ‘9

Steg- i o Duration (hrs)
o : 6 12 18 <24 48 72

A. Convergence FPMP .

1. Drainage average value from
- one of figures 2.5 to 2,16 .11.Sin. (7(

2. Reduction for barrier-
elevation [fig, 2,18}

3. Barrier-elevation reduced
PMP [step 1 X step 2] " 5.81in. (

4. Durational variation

{figs: 2.25 to 2.27° ‘ .
and table 2.7]. R . 62 86 94 oo _nhs iz x

5. Convergence PMP for indicated ' S
durations [steps 3 X 4] in. (

4.0 50 54 58 6.1 70
0. Increment:al 10 m12 (26 kmz) :
PMP [successive subtraction

in step 51 . " 401008 0409 03 tn G
7. ‘Aréal reduction [select from ' ' o -
figs.(Z.20and 2.29]. . . 35 98 9% joo 100 yoo %.
8." Areally reduced PMP [step 6'X . ' S
step 7] 3.8 lo 0.4 04 0.3 03 in. (-xa()
9. Drainage average FMP [accumulated
* values of step 8] 3.8 48 51 5.4 ¢5 £.2 dn. ()

B. .Orographic PMP : )
1.. rainage average orographic index from figure 3 lla tod. 2.0 in.(p")'
" 2. Areal reduction [figure 3.20] 982 , :
3. Adjustment for month [one of

figs. 3.12 to 3.17] 99 2
4. Areally and seasonally adjusted )
PMP [steps 1X2x 3] _&m.
5, Durational variation [table. , . .
34‘]’ L _ 30 .57 80 100 157 1852
6. Orographic PMP ‘for- given dur- . -
ations [steps 4 X 5) ‘ . C 0.6 1t Ha 2.0 5c 31 in. (tpél)

C. 'Total PMP.
" '1. Add steps A9 and B6
2. PMP for other durations from smooth curve fitted to plot of computed data.

LANL .l SIS 5.1, SEQUL.UA. SUaPE 5. il-N

44 5368 14 3L 1of tn. h)

3. Comparison with local-storm PMP (see sec. 6.3).
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For the range of 6/24—hr ratios included in figures 2.25 to 2. 27, depth- .

duration values in percent of 24-~hr amounts are found in table 2.7.

The re-

gilonal ratio maps, and the depth-duration curves presented in figure 2.20 were
~used in adjusting the major storm data to 24-hr amounts listed in table 2.1.

-llurational variation of convergence PMP (in percent of 24~hr
amount) . B : o . o

Duration (Hrs)

91

6 12 18
50 76 90
51 77 90
52 77 90
53 77
54 78 91
-55. 78 91

- 56, 79 .91
57 79 92
58 80 92
59 80 92"
60 81 92
61 - -81. - 92
62 82 93
63 82 . 93

.64- 83 93
65 84 -93

Note:

2. 25 to 2. 27

24

100
‘100 .
- 100
100

100

" 100

100

100
100

100
100 .

100

100.
100 :
.100

48
129

128 -

127

127.

126

. 125
. 124
100

123
122

‘121

120 |
120.
:119
- 118
" 117

117

72

150 -

148

146
144
142
. 140 -
. 138

137
135

. 134

- 132

131
129

- 128,

126
125

Duration (Hrs)

72

6 12 18 24 48

66 84 93 100 116 124
67 85 94 100 116 - 123
68 94 100 115 122
6986 94 100 115 121
70 87 94 100 114 . 120 -
71 87 95 100 114 - 119
72 88 95 100 113 118
73 88 95 100. - 113 118
74 89 ° 95 100 112 117
75. 89 96 -100 . 112 116
76 90 96 - 1000 111. - 115
77 90 .96 ' 100 110 114
78. 91 96  100° 110 114
79 92 97 100 109  113.
'80. 92 97 100 109 113

For use,‘enter first column (6 hr) with, 6/24-hr ratio from figures

- 2.5 Areal Reductwn for Basm S1ze

For. operational use, basin average values of convergence PMP are needed

rather than- 10-mi2 (26-km ) values,

' depth-area relations of storms in' the region.
the region include 1arge proportions ot orographic precipitation.

Preferably, the. method for reducing
10-mi2’ (26-km2) values to basin dverage rainfalls should be derived from

However, all ‘general storms in ..

Our’ solution was to use generalized depth—area relatiOns developed for PMP
estimates within bordering zones in the -Central and Eastern United States '
(Riedel et.al. 1956).
western States are shown in figures 2.28 .and 2.29 for each month or a com-
-bination of months where differences are 1nsignificant.

-The smoothed- areal variations "adopted. for the South-.

' Figures 2.28 and 2 29 give depth-area relations that reduce lO—mi2 (26-km2)
convergence PMP for basin sizes up to 5,000 mil. (12,950 km? ) for each month.
Areal variations are given for the 4 greatest (lst to 4th) 6-hr PMP incre-
After the 4th increment no reduction for basin size:is required.
Application of these figures will become clear through consideration of an
example of PMP computation in chapter 6. .

ments.
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Figure 3.15.--Seasonal variation in 10-mi2 (26'-7<m2) 24-hr orégraphic PMP fbri the
. study region (in percent of values in figure 3.11). :
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Table 3.9.3-Durational variation of orographic PMP

Latitude . Percent of 24-hr value.
s }
N . :

6 hr 12 18 24 48 72

42 - 28 55. 79 100 161 190

41 29 56 79 100 160 189

40 3057 80 100 159 187
_39 30 57 80 100 157 185)
38 © 31 -58- 81 100 155 182 -

37. 32 .59 81 100 152 177

36 33 60 82 100 149 172

35 : 34 61" 82 100 146 167

34 _ 35 62 83 100 143 .162

33 : 36 63 84 100 139 157

32 : 37 . 64 "84 100 135 152

3r - 39 - 66 . B85 100 132 146

4. LOCAL- STORM PMP FOR THE SOUTHWESTERN REGION AND CALIFORNIA

4 'I Introduch on

:

This chapter provides generalized estimates of local or thunderstorm ‘prob-

) able maximum ‘precipitation. "generalized" is meant that mapped values are

given from which estibates of PMP may be determined for any selected drainage.

4.1. 1 Region of Interest

.Local-storm PMP was not included in the "Interim Report, Probable Maximum
Precipitation in California" (HMR No. 36). During the formulation of the .
present study, we decided that the local-storm part of the study should in-

.clude California west of the Sierra Nevada. It was also noted that PMP for

summer thunderstorms was not considered west of the Cascade Divide in the

Northwestern Region (HMR No. 43). As stated in the latter report, “No summer

thunderstorms have been reported there (west of the Divide) of an intensity
of those ‘to the east, for which the moisture source is often the Gulf of

'Mexico or Gulf of California.. The Cascade Divide offers an additional bar-

‘the occurrence of intense summer local storms.

rier to such moisture inflows to coastal areas where, in addition, the
Pacific Ocean to the west has. a‘stabilizing influence on the dir to hinder

" Therefore, it was necessary
to establish some continuation of the Cascade Divide into California so that
the local-storm PMP definition would have continuity between the two regions.

The stabilizing influence of the Pacific air is at times interrupted by the
warm moist tropical air from the south pushing into. California, although it
is difficult to determine where the limit of southerly flow occurs. -General
storms having the tropical characteristic of excessive thunderstorm rains are
observed as far north as the northern end of the Sacramento Valley. Thus,.a
northern boundary has been selected for this study, excluding that portion of

e el prin v o ontmares i sl 2o




General Storm PMP Computation
August |




150

Table 6 l.--General-storm PMP computatzions for ‘the Colorado River and Great
basin

Drainage C‘rucen{ Tunu[-mn D.;pmo’ SHe ([/ev 5009

Latitude 35°57'S0"N , Longitude ‘of basin center 109 °4g' 00" 1
38.96 Ni Q ‘ 109,802
( ’ g Month _Aw us*" i ( )

Step : _ ) Duration_ (hrs)

6 12 18 24 48 72

Convergem:e PMP .

Incremental 10 m:L2 (26 ka)

Drainage average value from
one of figures 2.5 to 2.16 1Z.bin. (n;l\)

~ Reduction for barrier-

elevation [fig. 2.18] Y 4
Barrier-elevation reduced '
PMP [step 1 X step 2] ¢.3 in. (74)

Durational variation
[figs.: 2.25 to 2.27
and table 2.7].° h

Convergence PMP for indicated
durations [steps-3 X 4]

6?2 86 94_1___ (s 121 %

—_—r el O e 10X

PMP [successive subtraction

in step 5] . —— {{.’.’) i1 0.5 Q'i 0.9 0.4 in.. (:?4)
Aréal reduction select from

figs. 2.28 and . . 9.__5 .___'oo .__.’°o ._’92.__/00 loo %
Ateally reduced PMP [step 6 X

step 7] © 41 1 05 04 09 0.4 1n. | )
Drainage average PMP [accumulated

values of step 8] , _1__5_1._5_'1_2_7._0__7_4—1:\. (nfé)

. Orographic BMP

1. - Drainage average orographic index from figure 3. 11a to d. 2. 2.0 in. (I?()
"2. .Areal reduction [figure 3.20] 393 2 :
3.  Adjustment for month [one»of
figs. 3.12 to 3.17] 100%
4, Areally and seasonally ‘adjusted
" PMP [steps 1 X 2 X 3] l%in. (?!{)
5. Durational variation [table
361 - 3051 ao 100 15T 1957
6. Orographic PMP for given dur- R .
ations [steps 4 K 5] ' (z ] 6 2.0 3 'l (u;()
Total PMP ‘
1. Add steps A9 and B6 ilé.lliil.ﬂ_\__"_\_ in. 9’4)
2. PMP for other durations from smooth curve fitted to plot of computed data.
3. Comparison with local-storm PMP (see sec. 6.3).

Arealess bhun I mi? (kmz')
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For the range of 6/24—hr ratios included in figures 2.25 to 2. 27 depth—
duration values in-percent of 24~hr amounts are found in: table 2.7. The re-
gional ratio maps, and the depth-duration curves presented in figure 2.20 were
used in adJusting the major storm data to 24—hr amounts 1isted in table 2.1.

Table 2.7. —-Durational variation of convergence PMP (in percent of Zd-hr

amount) .
Duration (Hrs) o Duration (Hrs) .
6 12 18 24 48 - 72 . 6 . 12 18 24 48 . 72
50 76 ° 90 100 129 ° 150 - . 66 8493 . 100 116 124
51 77 90° 100 ° 128 "- 148 " 67 8 94 100 116 - 123
52 77 90 . 100 . 127 - 146 . 68 85 94 . 100 115 122%
53 77 91" 100: 127. 144 (69 8 94~ 100 - 115 121)
‘s4 78 91 ° 100 126 142 . ) — : . L
-55. 78 91 100 . 125 _ 140 - . .- 70 87 94 100 114 120 -
56, 79 91 100 . 124" -'138 . 71 87 95 100 114 119
57 79 .92 100 123 137 .- 72 88 95 100 113 . 118
58 80- ‘92 100 122 135 73 88 95 100. - -113 118
59 80 92 100 121 . 134 - 74 89, 95- 100. 112 .117
: , ) - o - 75. 89 96 - 100. ..112 . 116
60 81. 92 100" [ 120 . .132° - 76 90, 96 100 111 - 115
61- 81. 92 . 100 120 131 . 77 90 96. 100 . 110 .114
62 82 93 ..100 .119 . ‘129 . 78 . 91.. 96 . 100" . 110 114
- 63 82. 93 100 118 - 128 - "79 92 97° .100 ° 109 --113.-.

.64 83 93 100: S 117 126 . T ‘ e T
65 84 93 .100-- 117 125 7 .80, 92 -97 100- 109 113

"Note: * For use, enter first column (6 hr) with 6/24—hr ratio from figures .5-:

2 25 to 2.27.

' 2 5 Area] Reduct1on for Bas1n S1ze
. For operational use,. basin average values of . convergence PMP ‘are needed v
rathér than 10-mi2 (26-km )- values, ‘- Preferably,. the. method, for reducing
- 10-mi2’ (26-km2) values to basin average rainfalls should be derived from

'depth-area relations of storms in the region. However, all general storms in ...

the region include large proportions ot orographic precipitation.

Our solution was to use generalized depth—area relatibns developed for PMP
estimates within bordering zones .in' the-Central and Eastern United States
(Riedel-et. al. 1956) -The smoothed- areal variations "adopted. for the South-
western States.are shown .in figures '2.28-.and 2.29 for each month or a com~ -
-bination of months where differences are insignificant.. - -

" Figures - 12.28- and 2. 29 give depth-area relations that reduce 1O-mi2 (26-km2)
convergence PMP for basin -sizes up to 5,000 mi%. (12,950 km?) for ‘each month.
Areal variations are.given for the 4 greatest (1st to 4th) 6-hr PMP incre-
ments. After the 4th increment no reduction for basin’ size:is required.
Application of these figures will become clear through: consideration of an
example of PMP computation in chapter 6. - :
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‘ ) _ | Table 3f9; -Durational variation of orographic PMP S E;
o | S Percent of 24-hr value .- . o
$- o 6hr 12 18 24 48 72 | |
42 .. 28 - 55 79 100 161 190 °
41 ' 29 56 79 100 160 189
" 40 ' 30 57 - 80 100. 159 .187
39 : 30 57 80 100 157 185) : o
38 . : 31 :58- 81 100 155 182 : B
37 .32 59 81 100 152 177 S
36 S 33 60- 82 100 149 172 ° g
35 . 3¢ . 61 82 100 146 167 - - . R
34, .35 627 83 100 143 162
33 _ 36 - 63. 84 -100 139 157
32 - 37 64° 584100 135 152
31 N 39 66 . 85 100 132 146

’.

4. LOCAL STORM PMP. FOR THE SOUTHWESTERN REGION AND CALIFORNIA

4 1 Introduct1on
This chapter provides generalized estimates of 1oca1 or thunderstorm ‘prob~
able maximum precipitation. By “generalized" is meant that mapped values are
\ / given from which estimates of PMP may be determined for any selected drainage.

'4 1. 1 Region of Interest
Local-storm PMP was not included in the "Interim Report, Probable Maximum
Precipitation in California" '(HMR No. 36): During the formulation of the
present study, we decided that the local-storm part of the study should in-
clude California west of the Sierra Nevada. It was also noted that PMP for
summer thunderstorms was not considered west of the Cascade Divide in the
Northwestern Region (HMR N6. 43). As stated in the latter report, "No summer -
thunderstorms have been reported there (west of the Divide) of an intensity

of those to the east, for which the’ moisture source is often the Gulf of
Mexico or ‘Gulf of California.. The Cascade. Divide offers an additional bar-
rier to such moisture, inflows to coastal areas where, in addition, the

Pacific Ocean to theé west has a stabilizing influence on the air' to hinder
the occurrence of intense summer. local storms." - Therefore, it was necessary
to establish some continuation of the: Cascade Divide into California so that
the local-storm PMP definition would have: continuity between the two ‘regions.

The stabilizing influence of the Pacific air is at times interrupted by . the
warm moist tropical air from the south pushing into California, although it
is difficult to determine where the limit of southerly flow occurs. General
.storms having- the tropical characteristic of excessive thunderstorm rains are
observed as far north as the northern end of the 'Sacramento Valley. Thus, a
northern boundary has been selected .for this study, excluding that portion of
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Table 6 1.--Genera1-storm PMP computations for the Colorado River ‘and Great

basin . .
. Drainage Cre_sce'u[' Junckion Dt SPO&'a‘ e _ Area less ‘va\ | mi? (7/)
Latitude 3g 57'So" N, Longitude' . - __-of basin center t09°48'oo w
(2 g.96" N . (#0380 os '
389 > Month Se {emgzr - ) K
Step - T Duration (hrs)

6 12 -18 24 48 72

AL Convergence PM‘P .
1. Drainage average value from . 4
one of figures 2.5 to 2.16 124 in. (gd)
2. Reduction for barrier- ) .
elevation [fig. 2.18] 507

3. ‘Barrier-elevation reduced E
PMP (step 1 X step 2] 6.l 1n. (vy‘

4. Durational variation
[figs: 2. 25° to 2. 27 \

and table 2.7], . ¢ 86 94 oo U5 121 %
5. Convergence PMP for indicated ST : o -
durations. [steps 3 X 41 ) &_-'5_. ___5'3 5_8_..__6.2,,____74 AN in. (pn) .
6. Inéremental 10 mi? (26 km?) - . L .
PMP- [successive subtraction T . - -/
) in Step 5] . . . o " 4: l' g'__ __0_4‘_ O‘E 0’4’ ::ln. (%
7. Areal reduction select from L
" figs. 2.28 and . 95 100 100 100 400 100 %.
8. Areally reduced PMP [step 6 X : ) :
step 7] © 4\ 1.0 05 0.4 59 0.4 in. g-yri
9. "Drainage average PMP [accumulated S o . :
", values of step 8] . 4.l 5, 5.6 6.0 9 1.3 in. (yé'

B. .Orographie PHP . . . .
1. -.Drainage average orographic index from figure 3 1la to d. 1.0 in.(y{)'
2. Areal reduction [figure 3. 20] 98 Z - R T
3. Adjustment for month [one of

figs. 3.12 to 3.17] ., ‘100 %
4. .Areally and seasonally adjusted
T oPMP [steps 1X2x13)" ' /%in. (?ﬁ)
5. ',»Durational variation [table
3.&] . 30 57 %o 160 - 157 1852
6. Orographic PMP for given dur-— S _— : :
) _ations [steps- 4 x5 - . 04 1. '_Ii,_ 2.0 3.} 3.7-.1n. (\pé)
C. Total PMP. : Coe
1. Add steps A9 and B6 A1 a2 eowoouoin. (;aé)

2, PMP for other durations from smooth curve fitted to plot of computed data. '

3. Comparison with local-storm PMP (see sec. 6.3).
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Figure 2.18)--Percent of 1000-mb (100-kPa) convergence PMP resulting
" from effective elevation and barrier considerations. Isolines drawn
for every five percent.. : o : B
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For the range of 6/24-hr ratios included in figures 2.25 to 2.27, depth~ -
duration values in percent of 24-hr amounts are found in-table 2.7. The re-
glonal ratio maps, and the depth-duration curves presented in figure 2.20 were
used in adjusting the major storm data to 24-hr amounts listed in table 2.1.

Table 2. 7.-—Durat10nal variation of convergence PMP (in percent of 24-hr
amount) ' .

Duration (Hrs) Duration (Hre)

- 59

72

6 12 18 24 = 48 72 - 6 12 18 24 48
50 76 90 100 129 ° 150 - 66 84 93 100 116 124
51 77 90" 100 ° 128 - 148 67 8 94 100 116 - 123
52 77 .90 .. 100 . 127 146 68 85 94 100 115  122-
53 77 91" 100 127 144 C69 86 94 100 - 115 121D
‘54 78 91 ° 100 126 142 : T .
55 78 91 ~ 100 . 125 140 - 70 87 9 100 114 . 120 -
56 79 91 100 . 124 .'138 71 87 95 100 . 114 - 119
57 79 92 100 123 - 137 72 8 95 100 113 118
58 80 92 100 122 135 73 88 95 100 113 118
80 927 100 121 134 74 89 95 100 112 117
' o : IR 75. 89 96 100 112 116
60 81 92 100 . 120 . 132 76 90 96  100. 111. - 115
61- 81 92 100 120 131 77 90 96 100 . 110 114
62 82 93 . 100 - 119 129 78 91 96 100 110 114
63 82. 93 100 -118 = 128 79 92 97 100 109 113
.64- 83 93  100. 117 126 . o 5 .
65 84 93 .100- 117 = 125 80, 92 97 100 109 113
Noter

For use, enter first column (6 hr) with 6/24~hr ratio from figures o
2. 25 to 2.27. . ST

2.5 Area'l Reductwn for Basm S1ze

For operational use, basin average values of convergence PMP ‘are needed

" rather than 10-mi2 (26-km2) values. Preferably,-the method for reducing
_lO—mi2 (26-km2) values to basin’ average rainfalls should be derived from
depth-area relations of storms' in the region. However, all. general storms in
the region 1nc1ude large’ proportions ot orographic precipitation. _ '

Our solution was to use generalized depth-area relations developed for PMP
estimates within bordering zones in the -Central and Eastern United States .
(Riedel et. al. 1956). iThe smoothed- areal variations adopted for the South-

- western States are. shown in figures 2.28 and 2.29 for each month or a com-
‘bination of months where differences are. insignificant.

Figures 2.28 and 2. 29 give depth—area relations. that redyce lO—mi2 (26-km2)
convergence PMP for basin sizes up to 5,000 mi‘ (12,950 kmz) for ‘each month.
" Areal variations are given for the 4 greatest (lst to 4th) 6-hr PMP incre-
ments. After the 4th increment no reduction for basin’ size:is required.
Application of these figures will become clear through consideration of an
example of PMP computation in chapter 6. .
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) - , Table 3.9.}-Durational variation of orographic PMP o _: =

Latitude Percent of 24-hr value : '
. oN . ] . Co ; . . . i

6 hr- 12 18 24 48 72

42 . 28 55 79 100 161 190 -

41 ' 29 56° 79 100 160 189 "'
40 30 5780 100 159 187
39 — . 30 57 __80 100 157 185)
38 31 :58- 81 100 155 182 - _ .
37 . 732 .59 81 100 152 177 T
36 33 60 82 100 149 -172 °
35 B 34 61 -82 100 146 167
.34, . 35 62 83 100 143 162
33 . 36 63. 84 100 139 157 B
SR 32 S .37 64 84 100 135 152 A
. 31 o 39 . 66 .85 100 132 146 :

4.' LOCAL STORM PMP FOR THE SOUTHWESTERN REGION AND CALIFORNIA

41 Introductwn ‘
This .chapter provides generalized estimates of local or thunderstorm prob-
\lable maximum precipitation. "generalized" is meant that mapped values are
\ / given from which estimates of PMP may be- determined for any selected drainage.

‘4 1. l Region of Interest
-Local-storm PMP was not. included in the "Interim Report, Probable Maximum
‘Precipitation in California" (HMR No. 36): During the formulation of the '
present study, we decided that the local-storm part of the study should in-
clude California west of the Sierra Nevada. It was also noted that PMP for
summer. thunderstorms was not considered west of the Cascade Divide in the
Northwestern Region (HMR No6. 43). As statéd in the latter report, ''No summer:-
thunderstorms have been reported there (west of the.Divide) of an intensity
of those to the east, for which the moisture source is often the Gulf of
Mexico or Gulf of California.. The Cascade Divide offers an additional bar-
rier to such moisture inflows to coastal areas where, in addition, the
Pacific Ocean to the west has a stabilizing influence on the air to hinder
the occurrence of intense summer local storms." Therefore, it was necessary
to establish some continuation of the Cascade Divide into California so that
the local-storm PMP definition would have continuity between the two regions.

The stabilizing influence of the Pacific air 1is at times interrupted by the
warm moist tropical air from the south pushing into California, although it
is difficult to determine where the limit of southerly flow occurs. General
storms having the tropical characteristic of excessive thunderstorm rains are
observed ‘as far north as the northérn end of the Sacramento Valley. Thus, a
northern boundary has been selected for this study, excluding that portion of
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Table 6. 1.——General—storm PMP computations for the Colorado River and Great
basin

Drainage cn,“ﬂl T\A\L"L‘)’\ 0:515610‘ (‘.\_..' ‘_ i Area \css i& ' mi/p(

° 1 .
Latitude 3¢57 50 o, Longitude.. . ‘of “basin center 109° 48" 00" 1

18.96°N ]
( - ) . Month Octalx’r

Step : : Duration_ (hrs)
- . : 6 12 -18 24 48 72

(lo?. 3o u)‘

Convergence PMP -

1. Drainage average value from. .
one of figures 2.5 to 2.16 {LGin. (wh)

2. Reduction for barrier- :
elevation [fig. 2.18} 50 %

3. Barrier-elevation reduced :
PMP [step 1 X step 2] - BE&14n. (zh)

. 4. Durational variation

[figs. 2.25 to 2.27 ',

and table 2.71. v éléi.&l_@.o.wg_i_%
5. Convergence PMP for indicated . _ _ ‘
durations [steps 3 X 4] 3.9 43 55 5%.6 7.1 in. (ph)

6. Incremental 10 miz (26- kmz)
PMP [successive subtraction

in step 5] - . ' .39 1.0 o.é 0.3___2_04 in. ‘A)

\ ———— S— —— ———

7. Aréal reduction select from -
" figs. 2.28 an . 9% 99 99 1o loo 100 %.

8. Areally reduced PMP [step 6 X

step 7] : 3.7 10 0.4 92 09 0.4 in. (?6
9. Drainage average PMP [accumulated ; '
" values of step 8] . 2.7 4.7 5.3 5.4 L5 6.9 in. (7!()

Orographic PMp :
1. . Drainage average orographic index from figure 3. lla to.d. 2.0 in. S"{)

2. Areal reduction (figure 3.20] Qg_z

3. Adjustment for month {one of

figs. 3.12 to 3.17) 23 %
4. Areally and seasonally adjusted o,
- " PMP [steps 1 X2 X 3] 1.92 in. (19:6 '
. 5. Durational variation [table.. . '
R ‘] . . 30 57 .80 oo Z 135%
6. Orographic PMP for given dur- .
ations [stepsltx 51 - 0.6 [ 15__2_ 30 .36 in. (7(
Total PMP- o , o
1. Add steps A9 and B6 - ' éé..él.‘.i.li.’.—i.’ﬂ!in ()

2. PMP for other durations from smooth curve fitted to plot.of computed data.

3. Comparison with local-storm PMP (see sec. 6.3).

[N p—
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" For the range of 6/24-hr ratios included in figures 2.25 to 2. 27 depth-
duration values in- percent of 24~hr amounts are found in- table 2.7. The re-
gional ratio’ maps, and the depth-duration curves presented in figure 2.20 were
used in adjustlng the major storm data to 24-hr amounts listed in table 2.1.-

—ﬁurational wvariation of convergence PMP (in percent of 24-hr

amount).
Duration (Hrs) e Duration (Hrs)
6 12 18 24 . 48 72 .6 12 18 24 48 72
50 76 90 100 - 129 150 - f6 84 93 ' 100 116 124
51 77" 90° 100 128 - 148 %7 85 94 100 116 123>
52 ©77 90 -.100 127 146 68 85 94 . 100 115 122
53 77 91" 100: 127. 144 69 86. 94 " 100 115, 121
‘54 78 91 ° 100 126 %2 - - : ' R .
55 78 91 100 . 125 = 140 Y70 87 94 100 114 . 120 - ..
56, 79 91 100 124 -'138 71 .87 95 . 100 114 - 119
57 79 92 100 . 123 137 .- 72 88 95 100 113 = 118
58 80- ‘92 100 - 122 135 73 88 95 100. -113 118
59 80 92 100 121 . 134 74 89 95 100 ' 112 117
' , , o : 75 89 96 100 .112 . 116
60 81. 92 . 100 ' 120 .132° . 76 90 96 100: -111 - 115
.61- 81 92 . 100 120. 131 77. 90 96 = 100 110 114
62 82 93 ..100 119 . 129 . 78 91 96 . 100° 110 114
. 63 82. 93 100 .118 -128 - 79 922 97 100 109 - . 113,
. 64- 83 93 100: 117 126 _ L .
- 65 84 - 93 .100 117~ 125 . ° 80, 92 97 100 109 113

"Note: For use, ‘enter first column (6 hr) with 6/24-hr ratio from figures ‘"':
2 25 to 2.27: ) . .. R

2 5 Area] Reductwn for Basm S1ze
For operational use, basin average ‘values of convergence PMP ‘are needed
rather than 10-miZ (26-km2) values. _Preferably, the. method for reducing
10-mi2" (26-km2) values- to basin average rainfalls should.be derived from
depth-area relations of storms in‘'the region. However, all general storms in
the region include large proportions ot orographic precipitation. :

Our solution was to use generalized depth—-area relations developed for PMP
estimates within bordering zones in the Central and Eastern United :States
(Riedel et al. 1956). -The smoothed areal variations adopted. for the South—
western States are shown in figures '2.28 and 2.29 for each month or a com-
-bination of months where differences are insignificant.

" Figures 2.28-and 2. 29 give depth-area relations that reduce 10--mi2 (26 kmz)
convergence PMP for basin sizes up to 5,000 mi2 (12 950 kmz) for ‘each month.
Areal variations are given for the & greatest (lst to 4th) 6-hr PMP incre-
ments. After the 4th increment no reduction for basin size:is required.
Application of these figures will become clear through consideration of an
example of PMP computation in chapter 6.
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Table 3.9.3-Durational variation of orographic PMP

Latitude ' Percent of 24-hr value
© °N o : .

6 hr- 12 18 24 48  72.

S 42 - .. 28 55 79 100 161 190 -

41 ' ' - 29 56° 79 100 160 189
40 : 30 57. 80 100. 159 187

39 - 30 57 . 80 100 157 185)
38 31 .58- 81 100 155 182

37 . 32 .59 81 100 152 177 .

36 33 60 . 82 100 .149 172

35 : 34 61" 82 100 146 167 -
K .34 35 62° 83 100 143 .162
- 33 .. 36 . 63. 8 100 139 157
: .32 S 37 64 .84 100 135 152

" 31 . , -39 . 66 . 85‘ 100 132 146

4, LOCAL-STORM PMP FOR THE SOUTHWESTERN REGION AND CALIFORNIA

4 1 IntroductTOn

This chapter provides generalized estimates of local or thunderstorm ‘prob-

o able max{imum precipitation. "generalized" is meant that mapped values are

given from which estimates of PMP may be determined for any selected drainage.

" 4.1, 1 Region of Interest:

‘the occurrence of intense summer local storms."

°

':Local-storm PMP was not included in the "Interim Report, Probable Maximum

Precipitation in California" (HMR No. 36). During the formulation of the s

present study, we decided -thdat the local-storm part of the .study should in-
clude California west of the Sierra Nevada. It was also noted that PMP for
summer thunderstorms was not considered west of the Cascade Divide in the
Northwestern Region (HMR No. 43). As statéd in the latter report, "No summer
thunderstorms have been reported there (west of the Divide) of an intensity
of those to the east, for which the moisture source is often the Gulf of
Mexico or Gulf of California... The Cascade Divide offers an additional bar-
rier to such moisture inflows to coastal areas where, in addition, the
Pacific Ocean to the west has a stabilizing influence on the air to hinder
" Therefore, it was necessary
to establish some continuation of the'Cascade Divide into California so that
the local—storm PMP definition would have continuity between the two regions.
J

The stabilizing influence of the Pacifie air is at times- interrupted by the
warm moist tropical air from the south pushing into California, although it .
is difficult to determine where the limit of southerly flow occurs. General
storms having the tropical characteristic of excessive thunderstorm rains are

.observed as far north as the northern end of ‘the ‘Sacramento Valley. Thus, a

northern boundary has been selected for this study, excluding that portion of

TN 8 e 47 Ve R S A

V.a AL o WY 00 B ATy LK A AGA Ko S L TR ST g
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Local Storm PMP Computation




Table 6. 3A.-—Loca1-storm PMP computation, Colorado River, Great Basin 'and

HMR No. 49 table 6.3B if areal variation is required.

Drainage _c_r&{_ce;u":ruv\u‘vo—\ DSEQS S e ' Area less Hu, | miz,ﬁ;‘ncﬁzf)/{

Latitude 33°s7'so” Longitude V09~ 4g oW Minimum Elevation qg ft

Steps correspond to those in sec. 6.3A.

1.

.2.

5.

6.
7.

8.

9. .

a. Reductlon for elevation. tNo adjustment @M‘ ,47 './> .

step 3 [table 4.4].  3h_ 93 397 loo 107 log Mo Wo lo %

" indicated durations B : j' | o
(Ivé)

. Tncremental PMP .

mental PMP according to:

_California drainages. For drainage average depth PMP. Go té

(3%.967) . ' (/D??a)

Average l-hr 1—m1 (2. 6-1cm ) PMP for : B.2 in. (}z{) .
drainage [fig. 4. 5] : . ‘

for elevations up to 5,000 feet (1,524 m):
" 5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. _ loo %
b. Multiply step 1 by step 2a. ' o ' .1 in. (74)

Average 6/1—hr ratio for dralnage [f::.g. 4, 7]. 1.1

Duration jhr)
/4172 3/4 1 2 3 4 5 6

Durational .variat::ion
for 6/1-hr ratio of

1-mi% (2.6-kn®) PMP for

[step 2b X step 4]. 7.1 7.t 3.0 %L 8.8 89 20 9.0 9.0 in.

Areal reduction » . )
[£ig. 4.9]. ¢l L1 7 73 L 78 B0 8 2 %

Areal réduced . PMP

[steps 5 X 6], 435J5345£l£31;z37A7mj@6

[successive subtraction L o ' L
in step 7]. S ' - 6.0 61 oL 03 el o.1 ‘in. (yt{)

43 0.8 0.6 b;% } 15-min. increments

Time sequence of incre- . P

, HMR No, 5 - - ' A |
‘Hourly increments : ‘ Lo ' . :

| . . L, \
[table 4.7]. - = '&&M%&ﬂm%) |

Four largest 15-min. s
increments [table 4.8]. ' 43 0.8 0.6 0.3 in. (y(n)

st ™ e,

.
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Figure 4.5--Local-storm PMP for 1 miz (2.6 kmz) 1 hr. Difectly'
applicable for locations between sea level.and 5000 ft (1524 m).
Elevation adjustment must be applied for locations above 5000 ft.

events. In contrast to figure 4.4, figure 4.5 maintains a maximum between
these two locations. There is no known meteorological basis for a different
solution. . The analysis suggests that in the northern portion of the region
maximum PMP occurs between the Sierra Nevada on the west and the Wasatch
range on the east. ' ' : o

A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
_Sacramento Valley in northern California because the northward-flowing moist
air is increasingly channeled and forced upslope. Support for this FMP cen-
ter comes from the Newton, Kennett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears to be an extension of the broad maximum
-~ through the center of the Southwestern Region, it does not-indicate the
-direction of moist inflow. The pattern has evolved primarily as a result of
attempts to tie plotted maxima into a reasonable picture while considering
... inflow directions, terrain effects, and moisture potential.
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data (plotted at midpoints of a 2° latitude-longitude grid).

. establish the basic deptheduration.cﬁfve,’tﬁen structure a variable'setvof
depth-duration curves to cover the range of 6/1-hr ratios that are needed.

Three sets of data were considered for obtaining a base relation (see
table 4.3 for depth-duration data)..

a. An average of depth-duration relations from each of 17 greatest 3-hr
rains from summer storms (1940-49) in. Utah (U. S. Weather Bureau 1951b) and .
in unpublished tabulations for Nevada and Arizona (1940-63). ' The 3-hr

" amounts ranged from 1 to 3 inches (25 to 76 mm) in these events. o

b. An a{vérage,depth—duration relétioﬁ-froni ilo of the mo_ét extreme short-

duration storms listed in ‘Storm Rainfall (U. S. Army, Corps of Engineers
1945~ ). These storms come from Eastern and Central States and have 3-hr

amounts of 5 to 22 inches (127 to 559 mm).
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ratios than storms with high 3/1-hr ratios. The geographical distribution
of 15-min to 1-hr ratios also were inversely correlated with magnitudes of
the 6/1-hr ratios of figure 4.7. For example, Los Angeles and San Diego
(high 6/1-hr ratios) have low 15-min to l-hr ratios (approximately 0.60)
"whereas the 15~-min to l-hr ratios in Arizona and Utah (low 6/1—hr ratios)
were generally higher (approximately 0.75).

Depth-duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the

" curves to provide smoother relations through the common point at 1 hour..

We believe we were justified in reducing the number of -the curves shown in
figure 4.3 for durations less than 1 hour, letting one curve apply to a
range of 6/1-hr ratios. The corresponding curves have.been indicated by
letter designators, A-D, on figure 4.3. As an example, for any 6-hr amount
between 115% and 135% of 1-hr, 1-mi2 (2.6-km2) PMP, the associated values
for durations less than 1 hour are obtained from the curve designated as "B".

Table 4.4 1ists durat10na1 variat1ons in percent of 1-hr PMP for selected
-6/1-hr rain ratios. These values were’ interpolated from figure 4.3.

To determine 6-~hr PMP for a basin, use flgure 4.3 (or table 4. 4) and the
geographical distribution of 6/l-hr ratios given in figure 4 7.

Table 4.4.--Durational variation of 1-mi2 (2. 6-km2) local-storm PMP
in percent of 1-hr PMP (see figure 4.3) ’

6/1<hr - - : E Duration (hr) - .
~ratio© . 1l/4  1/2 3[4 .. 1 2 3 4 5. 6
(11 . . 8 .. 93 97 100 . 107 109 '110 110 110D

1.2 74 89 95 100 110 115 118 - 119 320 °

j1.3 74 '89 95 100 114 121 125- 128 130~

i 1.4 63 83 93 100 118 126 . 132 137 140

1.5 63 .83 93 100 121 132 140 . 145 150
1.6 .. 43 70 87 100 134 138 147, 154 160
1.8 43 70 87 100 130 149 . 161 171 180 °
2.0

43 70 87 100 137 161 175 188 ° 200

4.5 Depth-Area Relation

We have thus far developed local-storm PMP for an area of l mi2 (2 6 kmz)
To apply PMP to a basin, we need to determine how 1-mi? (2.6-km2) PMP should
decrease with increasing area. We have adopted depth-area relations based "

- on rainfalls in the Southwest and from consideration_pf-a model thunderstorm.
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storm period, The sequence of hourly incremental PMP for thefSoufhwest'6—hr
thunderstorm in-accord with this study is presented in column 2 of table
4.7. A small variation from this sequence is given in Engineering Manual

.1110-2-1411- (U. S. Army, Corps of Engineers 1965). The latter, listed in

column 3 of table 4.7, . ‘pPlaces -greater incremental amounts Somewhat more

. toward the end of the 6-hr storm period. In application, the choice of

either of these distributions:is left to the user since one may prove to
be more critical in a specific case than the other. - .

-‘I‘ime sequence for hourly incremental PMP in 6-hr storm
, - EM1110-2-14112

Increment ‘ Sequence Position
Largest hourly amount . ‘ Third ' Fourth'
2nd largest o _ "~ Fourth - ' Third
-3rd largest o - . Second” Fifth
" 4th largest . R Fifth ' Second -
S5th largest = " First’ - - Last
least . . o Last . First

lU. S. Weather Bureau 1947.
2U. S. Corps of Engineers 1952.
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\~_,) Also of importance is the sequence of the four 15-min incremental PMP
. values. We recommend a time distribution, table 4.8, giving the greatest
intensity. in the first 15-min interval (U.S. Weather Bureau 1947). This
is based on data from a broad geographical region. Additional support for
" this time distribution is found in the reports of specific storms by Keppell
(1963) and Osborn and Renard- (1969). ) .

Table 4.8.¥-Time sequence for 15~-min incrémental'PﬁP within 1 hr. ?fi:

\

‘Increment ..  Sequence Poéicion .
ﬂ. Largest 15-min amount : 3 ' Firstl‘F
’ 2nd largest L Second’
3rd largest o i Third
least ' I Last

4.8 Seasonal Distribution

The time of . the year when local-storm PMP is most likely is of interest.
Guidance was obtained from analysis of the distribution of maximum l-hr
thunderstorm events through the warm season at the recording stations in
Utah, Arizona, and in southern California (south of 37°N and east of the
Sierra Nevada ridgeline). The period of record used was for 1940-72 with an
average record length for the stations considered of 27 years. The month
- with the one greatest thunderstorm rainfall for the period of record at each
\ ) station was noted. The totals of these events for each month, by States,

: are shown in table 4.9. .

. Table 4,9.-—Seasona1~distribution of thundefstorm rainfalls.

(The maximum event at each-of 108 stations, period of record 1940-72.)

N
Month“
M J 3 A | s 6_ : No; of Cases
Utah 1 5.9 w4 s - . L 3
‘Arizona v C 416 | 19. 4 : 43
S. calif.* 14 10 7 ‘ B 31

No. of cases/mo. 1 23 35 40 9 -0
*South of 37°N and east of Sierra Nevada ridgeline.

et
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Problem Statement:

Peak runoff flow rates are determmed at specific locations in the vrcrnrty of the Crescent Junction Site for
the following storms:

o 25-year, 24-hour storm,
e 100-year, 24-hour storm,
e Probable Maximum Precipitation (PMP), Local Storm. .

The 25-year, 24-hour storm is determined for sizing culverts and swales along the access road and
Trailer Staging Area. These facilities will be in-place for approximately 25-years to facilitate the placement
of the disposal cell. The 100-year flood is used to size the detention facility at the Trailer Staging Area, in
compliance with Grand County drainage regulations. A separate drainage report for submittal to the
County is being prepared with detentron basin calculations. 100-year flows are also generated to compare
existing versus “developed” conditions at key drainage pornts located downhill from the disposal cell. This
includes flows at West Kendall Wash at the Railroad crossmg located immediately south of the southwest

. corner of the disposal cell, Kendall Wash at the 1-70 crossing and Crescent Wash at the 1-70 crossing
immediately west of Kendall Wash. The PMF is calculated for use in design of facilities associated with
the disposal cell. This includes the PMF for the cell drainage facilities to control run-on and run-off. Major

- drainages are shown on Figure 1. Sub-basins and proposed-conditions basins are shown in detail on the

Master Drainage Plan (Plan), appended to this report.

Method of Solution:

Calculations for runoff hydrographs, routing reaches, and combination of hydrdgraphs for all basins
greater than 20 acres are determined using the U.S. Army Corps of Engineers’ Hydrologic Modeling
System (HEC-HMS) Version 3.0.1. Within this computer model, the following runoff and routing methods
are used: . .

¢ _ NRCS classification of the soils within the project site is Type B (Toddler-Ravola-Glenton) described
as well draining sands and sandy loams, with a range of final infiltration rates of 4 to 8 mm per hour
(.16 to .31 inches per hour). The Bureau of Reclamation also recommends .3 to .15 inches per hour
(USBR) as the minimum infiltration rates for B soils. For the purpose of this analysis use 0.3 inches
per hour in the existing undisturbed watershed and 0.15 mches per hour for the cell site.

e SCSCN values for B soils with sparse vegetatlon use 70.

-+ Manning’s N value, K, representing the hydraulic characteristics of the dramage network, varies with
flow (see dlSCUSSIOﬂ in Section 4.2), use 0. 042 for the PMF and 0.054 for the 25-year and 100-year
flow.

- For the PMF:

s Loss Method in exnstmg watershed—- Initial loss of 0.0 inches, constant loss of 0.3 inches per hour.
e Loss Method for the dlsposal cell — Initial loss of 0.0 inches, constant Ioss of 0.15 inches per hour.
¢ Transform Method — User-specified unit hydrograph. '

» Baseflow Method —None. -

. Houtihg Reaches — Kinematic wave.

e Meteorology Model — PMP calculations, no evapotranspiration, no snowmelt.

U.S. Department of Energy : Crescent Junction Site Hydrology Report
June 2006 . Doc. No. X0176000
Page 2




For th'e 25-year and 100-year, 24 hour storms:
¢ Loss Method in existing watershed — SCS CN method with Initial loss of .86 inches based on CN of
70 and constant loss of 0.3 inches per hour.

e Loss Method for the disposal cell- SCS CN method with Initial loss of .86 inches based on CN of 70
and constant loss of 0.15 inches per hour

¢ Transform Method — User-specified unit hydrograph.

 Baseflow Method ~ None.

. Routing Reaches — Kinematic wave.

. Meteorology Model — Precipitation from NOAA Atlas 14, no evapotranspiration, no snowmelt.

Note that for basins less than 20 acres that do not require PMF determmatuon runoff is calculated using
the Rational Method.

Assumptions:

Standard methods were used fo calculate the runoff to the design pomts for the specific frequency
storms.

Calculations:
Basin Delineation

Drainage basins are delineated based on locations of bridges/culverts or other points of concentration.
There are four major basins encompassing the study area: Crescent Wash, Basin 1, Basin 2, and Basin
3. These major basins are shown on Figure 1. Seven sub-basins within the major basins are created due
to the re-routing of flows around the disposal cell and the access road. These sub-basins are shownon -

the Plan.

The disposal cell will be isolated from run-on with the construction of a diversion channel, labeled as
“North Ditch” on the Plan. These flows, which are ultimately tributary to West Kendall Wash, will be routed
to the west past the Disposal Site, and then south in the “West Ditch”, back into West Kendall Wash.
Runoff from the cell will be diverted to the west at the south toe of the disposal cell, and confluence with
the West Ditch at Design Point 4 as shown on the Plan.

User-Specified Unit Hydrograph

The methodology for determining the unit hydrograph is detéiled in Design of Small Dams (USBR 1987)
using the dimensionless unit hydrograph data for the Colorado Plateau regions of Southern California,
Nevada, Utah, Arizona, and western Colorado and New Mexico. Basins in this arid region are generally

.typified by sparse vegetation, fairly well defined drainage networks, and terrain varying from rolling to very
. rugged in the more mountainous areas. The unit hydrograph lag time is defined as:

Lg = C(LLe/S®)
where:
L, = unit hydrograph lag time, hours
U.S. Depariment of Energy . Crescent Junction Site Hydrology Report
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ﬂ ) The USBR defines the unit hydrograph lag time as the time from the midpoint of the unit
rainfall excess to the time that 50 percent of the volume of unit runoff from the drainage
basin has passed the concentration point (USBR).

C = constant=26K,
K, = average Manning’s n value representing the hydraulic characteristics of the drainage

basin. K, is a function of the magnitude of the flows and normally decreases with

increasing discharge. K, values for the PMF are based on recommendations from Des:gn
of Small Dams (USBR), which suggests the lowest value representative of the region be
used. A regional K, value of 0.042 represents the lower limit of the accepted range for
PMF determination and is typical of the usual desert terrain. For other storm events a
higher value is appropriate. Based on the Design of Small Dams the Colorado Plateau
regions K, range from 0.042 to 0.070. A value of 0.054 is selected for the 25-year and
100-year storm ‘events, representing an area of Utah that is relatively close proximity to
the project site on the White River (Table 3 Design of Small Dams (USBR).

L = the length of the longest watercourse from the point of concentration to the boundary of the

‘drainage basin,

L.a = the length along the longest watercourse from the point of concentrauon to a point opposite
the centroid of the drainage basin,

S = the overali slope of the lbngest watercourse (along L),

Hydrologic parameters and spreadsheets are used to create the basm -specific unit hydrographs for use
by the HEC-HMS models and are presented in Appendix A.

‘ ). Frequency Storms

Design storm lnformatlon is provnded by Crescent Junction Site Characterization — Site Dramage

Hydrology Parameters (DOE 2005), which calculates the local storm PMP for storms of <1 miZ and 22 mi®
This analysis also includes determination of storms in basins covering 1.4, 2.7, 3.5, 9, and 15 mi. Thus

additional depth-duration models are developed so that the size of the storm is equnvalent to the drainage
area contributing to the design point. Calculations are mcluded in Appendix B.

The depth-duration relationships for all of the modeled storms are summarized in Table 1.

Table 1. Depth-Duration for Modeled Storms

o/

Precipltation Depth (inches) for Specified Duration’ .
Storm Event Smin | 15 min 1hr 2hr | 3hr | 6hr | 12hr ] 24 hr
25-yr, 24-hr 0.34 0.64 1.07 1.21 1.26 .11.42 | 1.65 [1.91
100-yr, 24-hr 0.53 0.99 1.65 - 1.82 1.84 {195 [2.16 | 2.35
200-yr, 24-hr 0.65 1.22 2.03 2.23 225 [235 [2.47 |258

- - PMP Local :

<1 mi 4.5 7.4 8.2 8.8 8.9 9.0
1.4 mi° 4.3 6.8 8.0 8.6 8.7 8.9
2.7 mi° 4.1 6.5 7.9 8.4 8.5 8.7
3.5 mi° 4.0 6.2 7.6 8.3 8.5 8.6
9 mi“ 3.4 5.4 6.9 7.6 7.7 8.0
15 mi° 3.0 4.8 6.4 7.0 7.2 7.7
22 mi 2.7 4.3 6.0 6.7 6.9 7.4 -
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Routing Reaches

Reach routing is performed in the HEC-HMS modeling using kinematic wave to route hydrographs along
ditches and between design points. Design parameters and input are summarized in Appendix B.

HEC-HMS Results

The HEC-HMS mode! is used to determine hydrographs at the specific design points for each of the four
storm events. Model output is provided in Appendix C and summarized in Table 2. For basins less than
20 acres that do not require PMF determination, runoff is calculated usmg the Rational Method. Rational
Method calculatlons are presented in Appendix D.

Conclusions and Recommendations:
The peak flow rates at each of the design points are summarized in Table 2.

Table 2, Peak Flow Rates, Major Storm Events

Design Point Areza Peak Flow Rate (cfs) -

: . (ml9) 25-yr, 24-hr 100-yr, 24-hr PMP - Local
C"éif:t?gxﬁh;‘og?sggdge and|1-70 2056 | 2975 5,983 45,197
Basin 1 at RR Bridge (Design Point 6) 2.63

Existing conditions - 2,135 21,288
Proposed conditions ) - .| 2,210 21,322

Basin 2 nzt o ’f,’r'gggs o 896 | 1726 3,453 29,869

Basins 1, 2, and 3 at |-70 CMP 156.09
Existing conditions ) ' - 5,109 40,835
Proposed conditions . - 5,098 40,871

Proposed Drainage Facilities .

North Ditch 0.52 291 - 5,859
West Ditch (Design Point 4) . 0.52 291 - . 5,859
Design Point 5 - 0.90 448 - 8,722
Existing Culvert (Design Point 3) 017 |75 147 1,488
Culvert C1* 0.09 42 - -
Culvet C2* -+ - 0.05 9 - -
- Culvert C3* 0.02 4 q- | -
-l .Culvert C4* . ) 0.10 18 - -

- Culvent G5 " . : 1.25 .| 611 : - |-
Culvert C6" - ) .- 0.05 9 - -
Culvert C7* : 0.41 239 - -

Discussion:

Parameters used to calculate the 25-year and 100-year flows are checked using gaged data available for
Crescent Wash through the USGS. Two sets of information are available. The first includes 10 years of
gagmg information (USGSb), which indicates the highest flow on record of 4,160 cfs in1965. The second
is a flood-frequency analysis performed by the USGS (Vaill 2000) indicating a 100-year event with a peak
discharge of 6,460 cfs.Due to the limited amount of data, this information is considered only a relative
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check for order of magnitude compared to the computations; however, the results of this analysis are
within 3 percent of the USGS results, when adjusted for drainage area. Several additional gaged sites
were also checked for peak flows per square mile. Sites selected for comparison are similar in elevation
and size and are in similar environmental conditions as the project site. Peak flows were calculated by the
USGS using Log-Pearson Type 1ll probability distribution (Vaill 2000). See Appendix E for a detailed
discussion and comparison of flows.
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Appendix A

Unit Hydrographs




COLORADd PLATEAU UNIT HYDROGRAPH

Crescent Wash-10, 25, 100, 200 Existing Conditions

13.56 mi., Length of Watercourse
7.07 mi., Distance to Centroid
0.054 -, Ave. Weighted Manning's n

Drainage Area = 22.56 sq. miles
Basin Slope = . 209 ft./mile
L=
Lca=
Kn=_
PARAMETERS:
Calculated: " LagTime, Lg=

2.62 Hours

Lg+D/2 =

Basin Factor =

V=
Qs =

Unit Duration, D =

Calculated Timestep =

2.79 Hours

6.63

606.64 cfs/Day
2176 *q,cfs

28.59 minutes
8.36 minutes

18-May-06

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

20 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
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358
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NOTES: Use for models including the Crescent Wash Basin for the 10, 25, 100 and 200 year events

ul 70 66 - 63 61 59 58 57 54 52 - 51
ul 49 48 . 47 46 44 43 42 40 39 38
4] 36 35 34 33 33 32 29 27 26 26
ul 26 24 14
ul
Ul
V]!
ul . .
USBR calculated unitgraph peak = 6291 Interpolated Peak = 6265
Time t, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.14 8.4 0.19 41 305.0 "~ 8.50 510.2 0.66 144
10.0. .0.28 16.7 0.32 70 3100 8.64 5185 0.63 137
15.0 0.42. 25.1 0.48 104 315.0 8.78 526.9 0.59 128
20.0 0.56 33.5 . 0.74 161 320.0 8.92 535.3 0.56 122
25.0 0.70 41.8 1.21 263 325.0 9.06 543.6 0.53 115
30.0 0.84 50.2 1.81 394 330.0 9.20 552.0 0.50 109
35.0 0.98 58.5 2.63 572 335.0 9.34 560.4 0.47 102
40.0 1.12 66.9 3.68 801 340.0 9.48 568.7 0.45 ‘98
45.0 1.25 75.3 5.47 1,190 345.0 9.62 5771 0.42 91
50.0 1.39 83.6 8.41 1,830 350.0 9.76 5854 0.40 87
55.0 1.53 92.0 12.61 2,744 355.0 9.90 593.8 0.38 83
60.0 1.67 1004 16.50 3,580 360.0 10.04 . 6022 . 0.36 78
65.0 1.81 108.7 20.50 4,461 365.0 10.18 610.5 0.34 74
70.0 - 195 117.1 23.97 5,216 370.0 10.32 618.9 0.33 72
75.0 . 209 125.5 27.75 6,038 375.0 10.45 627.3 0.30 65
80.0 2.23 133.8 28.91 6,291 380.0 10.59 635.6 0.28 61
85.0 2.37 142.2 28.07" 6,108 385.0 10.73 644.0 0.27 59
90.0 2.51 150.5 26.38 5,740 390.0 10.87 652.4 0.26 57
95.0 2.65 158.9 2418 5,262 395.0 11.01 660.7 0.24 52
100.0 2.79 167.3 21.585 4,689 400.0 11.15 669.1 0.23 50
105.0 293 175.6 18.92 4,117 405.0 11.29 677.4 0.22 48
. 110.0 3.07 184.0 16.08 3,499 410.0 1143 685.8 0.21 46
115.0 3.21 192.4 14.19 3,088 415.0 11.57 694.2 0.20 44
120.0 3.35 200.7 12.61 2,744 420.0 11.71 702.5 0.19 41
: 125.0 348 209.1 11.04 2,402 425.0 11.85 710.9 0.18 39
130.0 3.62 217.5 9.99 2,174 430.0 11.99 719.3 0.17 37
135.0 3.76 225.8 9.04 1,967 435.0 12.13 721.6 0.16 35
140.0 3.90 234.2 8.20 1,784 440.0 12.27 736.0 0.15 33
M 145.0 4.04 2425 7.36 . 1,602 445.0 12.41 744 .4 0.15 33
) 150.0 4.18 250.9 6.78 - 1,475 - 450.0 12.55 752.7 0.13 28
155.0 4.32 259.3 6.20 1,349 455.0 12.68 761.1 0.12 26
160.0 4.46 267.6 5.83 1,269 460.0 12.82 769.4 0.12 26
165.0 4.60 276.0 547 1,190 465.0 12.96 777.8 0.1 24
170.0 474 284.4 515 1,121 470.0 13.10 786.2
175.0 4.88 292.7 4,84 1,053 475.0 13.24 794.5
180.0 5.02 301.1 4.57 . 994 480.0 13.38 802.9
185.0 5.16 309.5 4.31 938 485.0 13.52 8113
190.0- 530 - 317.8 4.10 892 490.0 13.66 819.6
195.0 5.44 326.2 3.87 842 495.0 13.80 828.0
200.0 5.58 334.5 .3.68 . 801 -~ 500.0 13.94 836.4
© 2050 5.72 342.9 3.47 755 505.0 14.08 844.7
*210.0 5.85 - 351.3 3.28 - - 714 -610.0 - 14.22 853.1 -
215.0 599 359.6 - 3.10 675 , 6160 | 14.36 861.4
220.0 6.13 368.0 293 638 520.0 14.50 869.8
225.0 6.27 376.4 275 598 525.0 14.64 878.2
230.0. . 6.41 384.7 2.63 . 572 530.0 14.78 886.5
235.0 6.55 393.1 - 2.47 537 535.0 . 149 8949
240.0 6.69 "401.5 2.33 507 540.0 . °~ 15.05 903.3
245.0 6.83 409.8 2.22 483 - . 545.0 15.19 911.6
250.0 6.97 418.2 2.10 457 5§50.0 - 156.33 920.0
255.0 7.11 426.5 1.99 433 - 555.0 15.47 .928.4
260.0 7.25 434.9 1.88 409 560.0 -15.61 936.7
265.0 - 739 443.3 1.78 387 565.0 15.756 | 945.1
270.0 7.53 - 451.6 1.68 366 570.0 - 15.89 953.4
2750 7.67 460.0 1.59 346 '575.0 - 16.03 . 961.8
280.0 7.81 468.4 1.50 326 580.0 16.17 970.2
285.0 7.95 "476.7 143 311 -585.0 16.31 . 9785
290.0 8.08 485.1 1.36 296 590.0 16.45 986.9 -
295.0 8.22 493.4 1.28 279 595.0 16.59 995.3
300.0 8.36 501.8 1.21 263" 600.0- 16.73 1003.6




COLORADO PLATEAU UNIT HYDROGRAPH . . 18-May-06

Crescent Wash-PMP Existing Conditions

Drainage Area= ~ 22.56 sq. miles Lg+D/2 = 2.16 Hours
Basin Slope = 209 ft./mile . Basin Factor = 6.63
L= 13.56 mi., Length of Watercourse V= 606.64 cfs/Day
Lca= 7.07 mi., Distance to Centroid Qs = 2804 *q,cfs
Kn= 0.042 -, Ave. Weighted Manning's n
.PARAMETERS: )
Calculated: Lag Time, Lg = 2.04 Hours Unit Duration, D = 22.24 minutes
. Calculated Timestep = 6.49 minutes

Data to be used Unit Duration, D = : 15 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in Analysis  Selected Timestep= - 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

ok <

9,000

8,000
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Ul Record - Unit Graph — '5 minute Interval ’
ul 41 73 104 140 197 - 289 . 405 545 722 . 944
Ul 1269 1734 2374 3281 4140 . 4990 56840 6589 - 7394 7912
ul 8064 - 7883 7530 7096. 6590 6022 . ‘5454 4852 4329° - 3930
ul 3589 3250 2972 2750 - - 2545 - 2363 2181 2019 1894 1769
Ul 1678 1599 - 1523 1454 1386 =~ 1324 -1266 ~ 1210 1165 1116
Ul 1070 1029 983 941 -901 863 826 787 756 728
ut. 693 663 637 612 - 587 563 539 516 495 473
Ul 454 434 - 416 ~ 401 386 369 ‘353 338 325 310
Ul 296 284 273 260 248 - 238 230 221 . 212 203
Ul 193 - 186 180 172 164 157 151 144 138 132
Ul 127 121 - 116 112 107 103 99 . 95 93 86
Ul 81 78 76 73 70 66 64 62 60 58
Ul 56 - 53 51 49 47 45 43 42 40 36
Ul " 34 34° 32 . 24 0 .
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ul
ul
Ul
ul
ul
ul
ul . .
USBR calculated unitgraph peak= 8106 Interpolated Peak = 8064
Time t, % Qs |Timet, % Qs
of Lg+D/2 Hours Min. q cfs |of Lg+D/2 Hours Min. q cfs
"5.0 0.11 6.5 0.19 53 305.0 6.60 396.0 0.66 185
10.0 0.22 13.0 0.32 90 310.0 6.71 402.4 0.63 . 177
15.0 0.32 19.5 0.48 135 315.0 6.82 408.9 0.59 165
20.0 0.43 26.0 0.74 207 320.0 6.92 4154 0.56 157
25.0 - 0.54 32.5 1.21 -339 325.0 7.03 421.9 0.53 149
30.0 0.65 389 1.81 507 330.0 7.14 428.4 0.50 140
35.0 0.76 454 2.63 737 335.0 7.25 434.9 0.47 132
40.0 0.87 - 51.9 - 3.68 1,032 340.0 7.36 4414 0.45 126
. 45.0 0.97 584 5.47 . 1,534 345.0 7.46 447.9 0.42 118
50.0 1.08 64.9 8.41 2,358 350.0 7.57 4544 0.40 112
55.0 1.19 714 12.61 3,635 355.0 7.68 460.9 0.38 107
" 60.0 1.30 77.9 16.50 4,626 360.0 7.79 467.4 0.36 101
65.0 1.41 84.4 20.50 5748 | . 365.0 7.90 473.8 0.34 95
70.0 1.51 90.9 23.97 6,720 370.0 8.01 480.3 0.33 93
75.0 1.62 97.4 27.75 7,780 375.0 8.11 486.8 0.30 84
80.0 1.73 103.9 28.91 8,106 380.0 8.22 493.3 0.28 79
85.0 1.84 110.3 28.07 7,870 385.0 8.33 499.8 0.27 76
90.0 1.95 116.8 26.38 7,396 390.0 8.44 5§06.3 0.26 73
95.0 2.06 123.3 24.18 6,779 395.0 8.55 512.8 0.24 67
.100.0 2.16 129.8 21.55 6,042 400.0 - 8.65 519.3 0.23 64
105.0 2.27 136.3 18.92 5,305 405.0 8.76 525.8 0.22 62
110.0 2.38 142.8 16.08 4,508 410.0 8.87 §32.3 0.21 59
115.0 2.49 149.3 14.19 3,978 415.0 8.98 538.8 0.20 56
120.0 2.60 165.8 12.61 3,535 420.0 9.09 -~ .5453 0.19 53
125.0 2.70 162.3 11.04 3,095 425.0 9.20 551.7 '0.18 50
130.0 2.81 168.8 9.99 2,801 -430.0 9.30 558.2 0.17 48
135.0 2.92 175.3 9.04 2,535 435.0 9.41 - 564.7 0.16 " 45
140.0 3.03 181.8 8.20 2.299 440.0 9.52 571.2 0.15 42
145.0 3.14 188.2 7.36 2,064 4450 . 9.63 57T7.7 0.15 42
150.0 3.25 194.7 6.78 1,901 450.0 9.74 '584.2 0.13 36
185.0 3.35 201.2 6.20 1,738 455.0 9.84 .590.7 0.12 34
160.0 3.46 207.7 5.83 1,635 460.0 9.95 §97.2 0.12 34
165.0 3.57 214.2 5.47 1,534 465.0 10.06 603.7 0.11 31
170.0 3.68 220.7 5.15 1,444 470.0 10.17 610.2
175.0 3.79 227.2 4.84 1,357 475.0 10.28 616.7
180.0 3.89 233.7 4.57 1,281 480.0 10.39 623.1
185.0 4.00 240.2 4.31 1,208 485.0 10.49 629.6
190.0 4.1 246.7 4.10 1,150 490.0 10.60 636.1
195.0 4.22 253.2 3.87 1,085 495.0 10.71 642.6
200.0 4.33 259.6 3.68 1,032 - 500.0. 10.82 649.1
205.0 444 266.1 + . 347 973 505.0 10.93 655.6
210.0 - 4.54 272.6 3.28 920 -510.0 11.03 662.1
2150 4.65 279.1 -+ 3.10 869 . 515.0 11.14 668.6
220.0 4.76 285.6 - 2.93 821 520.0 11.25 675.1
225.0 487 . 2921 2.75 771 525.0 - 11.36 -681.6
. .230.0 4.98 298.6 2.63 737 530.0 11.47 688.1
. 2350 5.08 305.1 247 693 635.0 11.58 694.5
240.0- 5.19 3116 2.33 653 540.0 11.68 701.0
245.0 5.30 318.1 - 222 - 622 545.0 11.79 707.5
250.0 5.41 324.6 2.10 589 550.0 11.90 714.0
255.0 - 5.52 331.0 1.99 558 555.0 12.01 720.5
260.0 - .56.63 - - 337.5 - 1.88 527 560.0 12.12 727.0
265.0 5.73 .344.0 178 499 565.0 1222 - 7335
2700 5.84 350.5: 1.68 471 570.0 12.33 740.0
275.0 5.95 - 357.0 1.59 446 575.0 12.44 746.5
280.0 6.06 - 363.5 .1.80 - 421 580.0 . 12.55 753.0
285.0 6.17 3700 | 143 401 585.0 12.66 . 759.5
290.0 6.27 376.5 136 © 381 590.0 12.77 765.9
295.0 6.38 383.0 1.28 359 §95.0 12.87 772.4
300.0 6.49 389.5 1.21 339 600.0 12.98 7789

NOTES : Use for models including the Crescent Wash Basin for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 1-10, 25, 100, 200 Existing Conditions

Drainage Area =
Basin Slope =

Calculated:

PARAMETERS:

2.63 sq. miles Lg+D/2 =

356 ft./mile Basin Factor =

L= 2.92 mi., Length of Watercourse V=

Leca= 0.87 mi., Distance to Centroid Qs=
Kn= 0.056 -, Ave. Weighted Manning's n

Lag Time, Lg = 0.75 Hours Unit Duration, D =

Calculated Timestep =

0.13

0.79 Hours

70.72 cfs/Day
892 *q,cfs

8.20 minutes
2.38 minutes

18-May-06

Data to be used Unit Duration, D =

in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

5 minutes, integer value evenly divisible into 60

Unit Inflow Hydfoéraph
- Synthetic USBR COLORADO PLATEAU
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ul }30. 75 184 393 : 941 - 1690 2378 2517 2173 1683
u - 1249 964 782 634 536 470 414 369 329 292
Ul 259 231 204 183 163 145 129 115 103 91
Ul 80 72 64 58 51 45 41 36 32 29
ul 25 23 20 18 16 .15 13 11 10 '
vl : . :
Ul
ul
ul
ur
ul .
Ul
Ul




ui

‘ ’ NOTES : Use for models including Basin 1 for the 10, 25, 100 and 200 year events

Ul
Ul
ul
ul
CUlL
Ul
Ul ' _
USBR calculated unitgraph peak = 2578 Interpolated Peak = 2517
Timet, % . Qs |Time t, % Qs
of Lg+D/2 Hours Min. q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.04 24 0.19 17 305.0 242 1451 0.66 59
10.0 0.08 .48 0.32 29 310.0 2.46 147.5 0.63 56
15.0 0.12 7.1 " 0.48 43 315.0 2.50 149.9 0.59 83
20.0 0.16 9.5 0.74 66 320.0 2.54 152.2 0.56 50
25.0 0.20 119 - 1.21 108 325.0 2.58 - 154.6 0.53 47
30.0 0.24 14.3 1.81 161 330.0 2.62 157.0 0.50 45
35.0: 0.28 16.7 2.63 - 235 335.0 2.66 159.4 0.47 42
40.0 0.32 19.0 3.68 328 340.0 2.70 161.8 0.45 40
45.0 0.36 214 5.47 488 345.0 2.74 164.1 0.42 37
50.0 0.40 238 - 841 750 350.0 2.78 166.5 0.40° 36
55.0 0.44 26.2 12.61 1,125 355.0 . 2.81 168.9 0.38 34
60.0 0.48 - 28.5 16.50 1,472 360.0 2.85 1713 0.36 32
'65.0 0.52 309 20.50 . 1,828 365.0 - 2.89 173.7 0.34 30
70.0 0.56 - 333 2397 2,138 370.0 293 176.0 0.33 29
75.0 0.59 35.7 27.75 2,475 375.0 2.97 178.4 0.30 27
80.0 0.63 38.1 28.91 2,578 380.0 3.01 180.8 0.28 25
85.0 0.67 404 28.07. 2,504 .385.0 3.05, 183.2 0.27 24
90.0 - 0.71 428 26.38 2,353 . 3900 3.09 185.5 0.26 23
95.0 0.75 452 24.18 2,157 395.0 3.13 187.9 0.24 21
100.0 0.79 47.6 21.55 1,922 400.0 3.17 190.3 0.23 21
105.0 0.83 50.0 18.92 1,687 405.0 3.21 192.7 0.22 20
1100 0.87 52.3 16.08 1,434 . 410.0 3.25 195.1 0.21 19
, 115.0 0.91 - 54.7 14.19 1,266 415.0 3.29 1974 0.20 18
120.0 0.95 57.1 12.61 1,125 420.0 3.33 199.8 0.19 17
125.0 0.99 5§9.5 11.04 985 425.0 3.37 2022 - 0.18 16
130.0 1.03 61.8 9.99 891 430.0 . 3.41 204.6 0.17 15
’ 135.0 1.07 64.2 9.04 806 435.0 345 207.0 0.16 14
140.0 1.1 66.6 . 8.20 731 440.0 3.49 209.3 0.15 13
145.0 1.15 69.0 7.36 656 445.0 3.53 211.7 0.15 13
150.0 1.19 714 6.78 605 450.0 3.57 2141 0.13 12
155.0 1.23 737 6.20 553 455.0 3.61 216.5 0.12 1
160.0 1.27 76.1 5.83 520 460.0 3.65 218.8 0.12 11
165.0 - 131 - 78.5 5.47 488 465.0 3.69 2212 0.1 10
170.0 1.35 80.9 5.15 459 470.0 3.73 2236 :
175.0 1.39 83.3 4.84 432 475.0 3.77 226.0
180.0 - 1.43 856 4,57 408 480.0 3.81 T 2284
185.0 1.47 88.0 4.31 384 485.0 3.85 230.7
190.0 1.51 904 4.10 366" 490.0 3.89 233.1
195.0 1.55 92.8 3.87 345 495.0 3.92 235.5
200.0 ~1.59 95.2 3.68 328 500.0 3.96 2379
205.0 1.63 - 97.5 © 3.47 309 505.0 4.00 © 2403
210.0 1.67 99.9 3.28 293 - 510.0 4.04 <2426 -
215.0 1.70 102.3 3.10 - 276 515.0 - 4.08 2450
220.0 1.74 104.7 2.93 261 520.0 4.12 247.4 -
2250 . . 1.78 107.0 275 245 525.0 ° 4.16 249.8
230.0 1.82 109.4 2.63 - 235 530.0 4.20 2522 -
235.0 1.86 111.8 247 220 §35.0 4.24 2545
240.0 1.90 114.2 2.33 208 540.0 4.28 256.9
-+ 245.0 - 1.94 116.6 . 222 198 .545.0 4.32 259.3 .
250.0 1.98 118.9 210 187 550.0 4.36 261.7
255.0 2.02 1243 1.99 177 555.0 440 . 2640
260.0 2.06 123.7 1.88 168 560.0 4.44 266.4 .
265.0 2.10 126.1 1.78 - 159 .565.0 4.48 268.8
270.0 - 214 128.5 1.68 . 150 570.0 4.52 "271.2
2750 2.18 130.8 1.59 -142 575.0 . 4.56 2736
280.0 2.22 133.2 1.50 134 580.0 4.60 - 275.9
-+ 285.0 2.26 135.6 1.43 128 585.0 4.64 2783
290.0 2.30 138.0 1.36 121 590.0. 4.68 280.7
2950 234 140.3 1.28 114 595.0 4.72 283.1
300.0 2.38 142.7 1.21 108 600.0 4.76 2855




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 1-PMP Existing Conditions

Lg+D/2=

Drainage Area = 2.63 sq. miles
Basin Slope = 356 ft./mile Basin Factor =
L= 2.92 mi., Length of Watercourse V=
Lca= 0.87 mi., Distance to Centroid Qs =
Kn= 0.042 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time, Lg = 0.56 Hours Unit Duration, D =

Calculated Timestep =

0.61 Hours

0.13

70.72 cfs/Day
116.9 *q,cfs

6.15 minutes
1.82 minutes

18-May-06

Data to be used Unit Duration, D =
in'Analysis  Selected Timestep =

5 minutes, round down to nearest ;)f 5, 10, 15, 30, 60, 120, 180, or 360

5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
4,000
3,500
3,000
2,500
3
ol
2 2000
5
2
a
1,500
1,000
500
0
0.00 0.50 1.00 1.50 © 200 250 ‘300 . 350 4.00
TIME, (Hours) '
'Ul Récord - Unit Graph 5 minute interval .
ul 52 ‘17_7 ' 485 1482 . 2709 3327 2740 1872 1329 1003
Ul 772 - 637 540 464 399 341 292 251 - 216 185
Ul 160 ~ -~ 137 - 117 100 87 - 75 64 55 47 41
Ul 34 30 26 23 19 . - 17 14
Ul .
Ui .
ur
LUl .
Ul
(1]}
ul
Ul
ut




ul
y Ul
/ Ul
Ul
ul
ul
ul : .
USBR calculated unitgraph peak = 3379 Interpolated Peak = 3327
Time t, % Qs [Timet, % - Qs
of Lg+D/2 Hours Min q. cfs {of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.8 0.19 22 305.0 1.85 110.7 . 0.66 77
10.0 0.06 3.6 0.32 37 310.0 1.88 112.6 0.63 74
15.0 0.09 5.4 0.48 . 56 315.0 . 1.91 1144 0.59 69
20.0 0.12 7.3 0.74 86 320.0 1.94 116.2 0.56 65
250 - - 0.5 9.1 1.21 141 325.0 1.97 118.0 0.53 62
30.0 - 0.8 109 1.81 212 330.0 2.00 119.8 0.50 58
35.0 0.21 127 2.63 307 335.0 . 2.03 121.6 0.47 55
40.0 0.24 14.5 3.68 430 340.0 2.06 123.4 0.45 53
45.0 0.27 16.3 547 639 345.0 2.09 125.3 0.42 49
50.0 0.30 18.2 8.41 983 350.0 2.12 127.1 0.40. a7
55.0 - 0.33 200 12.61 1,474 355.0 2.15 128.9 0.38 44
.60.0 0.36 21.8 16.50 1,928 360.0 -2.18 130.7 0.36 42
65.0 0.39 23.6 20.50 2,396 365.0 2.21° 132.5 0.34 40
70.0 - 0.42 254 23.97 2,801 370.0 2.24 134.3 0.33 39
75.0 0.45 27.2 27.75 3,243 375.0 2.27 136.1 . 0.30 35
-80.0 0.48 29.0 28.91 3,379 380.0 2.30 138.0 0.28 33
85.0 0.51 30.9 28.07 3,281 385.0 2.33 139.8 0.27 32
90.0 0.54 32.7 26.38 3,083 390.0 236 1416 0.26 30
95.0 0.57 "34.5 24.18 2,826 395.0 2.39 1434 0.24 28
100.0 0.61 36.3 .21.55 2,519 400.0 242 145.2 0.23 27
105.0 0.64 38.1 18.92 2,211 405.0 2.45 147.0 0.22 26
110.0 0.67 39.9 16.08 1,879 -410.0 2.48 148.9 0.21 25
. 115.0 0.70 41.8 14.19 1,658 415.0 . 251 150.7 0.20 23
120.0 0.73 43.6 12.61 1,474 420.0 2.54 152.5 0.19 22
125.0 0.76 454 11.04 1,290 425.0 2.57 154.3 0.18 21
130.0 0.79 47.2 9.99 1,168 430.0 2.60 156.1 0.17 20
135.0 0.82 49.0 9.04 1,057 435.0 2.63 157.9 0.16 19
140.0 0.85 50.8 8.20 958 440.0 2.66 - 189.7 0.15 18
145.0 0.88 52.6 7.36 860 445.0 2.69 161.6 0.15 18
150.0 0.91 54.5 6.78 792 © 450.0 2,72 1634 0.13 15
165.0 0.94 566.3 6.20 725 455.0 2.75 165.2 0.12 14
160.0 0.97 58.1 5.83 681 460.0 2.78 167.0 0.12 14
165.0 1.00 59.9 547 -639 465.0 . 2.81 168.8 0.11 13
170.0 1.03 61.7 5.15 602 470.0 2.84 170.6
1750 1.06 63.5 4.84 566 475.0 2.87 1725
180.0 1.09 65.4 4.57 534 480.0 2.90 1743
185.0 1.12 67.2 4.31 504 485.0 293 - 176.1
190.0 1.15 69.0 . 4.10 479 490.0 - 2.97 177.9
195.0 1.18 70.8 3.87 452 495.0 3.00 179.7
200.0 1.21 72.6 3.68 430 5600.0 3.03 ~181.5
205.0. - 1.24 74.4 - 3.47 406 .505.0 3.06 - 183.3
210.0 1.27 76.2 3.28 383 5610.0 3.09 185.2
2150 - 1.30 . 78.1 3.10 362 515.0 3.12 187.0
220.0 1.33 799 2.93 342 520.0 . 3.15 188.8
2250 ., 136 81.7 2.75 321 . 525.0 3.18 190.6
. 230.0 1.39 83.5 2.63 307 530.0 3.21 - 1924
235.0 142 85.3 247 289 535.0 324 194.2
240.0 1.45 87.1 2.33 272 © 540.0 3.27 196.1
245.0 1.48 89.0 o222 259 545.0 3.30 197.9
+250.0 1.51. 90.8 210 245 550.0 3.33 199.7
255.0 1.54 92.6 1.99 233 555.0 3.36 .201.5.
"260.0 1.57 94.4 .1.88 - 220 - 560.0 3.39 203.3
265.0 1.60 196.2 1.78 208 - .565.0 ‘342 205.1
270.0 1.63 - .98.0 " 1.68 196 5§70.0 © 345 . 206.9
275.0 1.66 99.8 . -1.59 186 675.0 .. 348 208.8
280.0 1.69 101.7 - - 1.50 - 175 580.0 .. 3.51 210.6 -
285.0 1.72 103.5 143 167 585.0 . 3.54 2124
290.0 1.75 105.3 1.36 159 590.0 13.57 214.2
295.0 179 107.1 1.28 150 695.0 3.60 216.0
300.0 1.82 108.9 1.21 141 600.0 3.63 217.8

4

NOTES : Use for models including Basin 1 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH - ' _ 18-May-06

Basin 2-10, 25, 100, 200 Existing Conditions

Drainage Area = 8.96 sq. miles : Lg+D/2 = 1.88 Hours

Basin Slope = 283 ft./mile Basin Factor= . 197
L= 7.67 mi., Length of Watercourse V= 24093 cfs/Day
Lca= 4.31 mi., Distance to Centroid Qs= 128.2 *q,cfs
Kn= 0._054 -, Ave. Weighted Manning's n
PARAMETERS: . . '
_Calculated: . Lag Time, Lg = 1.75 Hours Unit Duration, D = 19.14 minutes
Calculated Timestep = 5.64 minutes
Data to be used Unit Durétion, D= 15 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
inAnalysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

4,000

3,500

3,000

2,500

DISCHARGE, (cfs)
N
8
o

1,500

1,000

500

[ - .

000 - ! 4 6.00

‘ ' TIME, (Hours)

Ut Record - Unit Graph . ' 5 minute interval

ul 22 .37 - 55 .80 - 121 1680 254 350 469 671
ul 985 . 1423 1879 . 2327 2761 . 3163 .3568 3700 3615 3439
Ul 3206 - 2928 . 2629 . . 2323 - 2021 1808 = 1628 1450 - 1319 - 1207
Ul - 1106 . 1011 - 924 -~ 858 793 751 - 710 673 . 637 604
Ul 574 - 546 . 522 496 474 450 428 - 407 388 368
Ul 349 335 317 © 301 288 274 262 249 237 226
Ul 214 204 194 186 178 169 160 163 146 138
Ul 131 125 . 119 113 108 103 99 . ) 88 85
ul 81 - - 73 70 - - 67 63 60 58 54 52
ul 50 47 45 43 .41 38 36 35 34 T332
Ul 30 29 28 . 27 26 24 23 22 21 20
Ul 19 18 16 15 15 14 4
Ul



8]

‘ ) NOTES: Use for models including Basin 2 for the 10, 25, 100 and 200 year events

ul
ul
ul
ul
ul
ut ‘ r
USBR calculated unitgraph peak = 3706 Interpolated Peak = 3700
Timet, % Qs |Timet, % _ Qs
of Lg+D/2 Hours Min. q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.09 5.6 0.19 .24 305.0 5.73 344.0 0.66 85
10.0 0.19 1.3 0.32 41 310.0 5.83 349.6 0.63 81
15.0 0.28 16.9 0.48 62 315.0 5.92 355.2 0.59 76
20.0 0.38 226 0.74 .95 320.0 6.01 360.9 0.56 72
25.0 0.47 28.2 1.21 155 325.0 - 6.1 366.5 0.53 68
30.0 0.56 33.8 1.81 232 330.0 6.20 372.2 0.50 64
35.0 0.66 39.5 2.63 337 335.0 6.30 377.8 047 60
. 40.0 0.75 45.1 3.68 472 340.0 6.39 383.4 0.45 58
45.0 0.85 50.7 547 701 345.0 6.48 389.1 0.42 54
50.0 0.94 56.4 8.41 1,078 350.0 6.58 394.7 . 0.40 51
55.0 1.03 © 620 12.61 1,616 355.0 6.67 400.4 0.38 49
60.0 1.13 67.7 16.50 2,115 360.0 6.77 406.0 0.36 46
65.0 1.22 733 20.50 2,628 365.0 6.86 " 411.6 0.34 44
70.0 1.32° 78.9 23.97 3,073 370.0 6.95 4173 0.33 42
75.0 1.41 84.6 271.75 3,657 375.0 7.05 4229 0.30 38
80.0 1.50 -90.2 28.91 3,706 380.0 7.14 428.6 0.28 36
85.0 1.60 959 28.07 3,598 385.0 7.24 434.2 0.27 35
90.0 1.69 101.5 126.38 - 3,381 390.0 7.33 439.8 0.26 33
95.0 1.79 107.1 24.18 3,099 395.0 7.42 . 4455 0.24 31
100.0 - 1.88 112.8 21.55 2,762 400.0 7.52 451.1 0.23 29
105.0 1.97 1184 18.92 2,425 405.0 7.61 456.7 0.22 28
110.0 2.07 124.1 16.08 2,081 410.0 7.71 462.4 0.21 27
115.0 2.16 129.7 14.19 1,819 415.0 7.80 468.0 0.20 26
120.0 2.26 135.3 12.61 1,616 420.0 7.89 473.7 0.19 24
125.0 235 " 141.0 11.04 1,415 425.0 7.99 4793 0.18 23
130.0 2.44 146.6 9.99 1,281 430.0 8.08 484.9 0.17 22
135.0 2.54 152.2 9.04 1,159 435.0 8.18 490.6 0.16 21
140.0 -2.63 167.9 8.20 1,061 | 440.0 8.27 496.2 0.15 19
145.0 2.73 163.5 1.36 943 445.0 8.36 - 601.9 0.156 19
150.0 282 169.2 6.78 869 450.0 8.46 507.5 0.13 17
165.0 291 174.8 6.20 795 455.0 8.55 5131 0.12 15
160.0 3.01 180.4 5.83 747 460.0 8.65 518.8 0.12 15
165.0 3.10 186.1 547 701 465.0 8.74 524.4 0.11 14
170.0 3.20 191.7 5.15 660 470.0 8.83 530.1
175.0 3.29 197.4 4.84 ' 620 © 475.0 - 8.93 §35.7
180.0 3.38 203.0 4.57 586 480.0 9.02 541.3
185.0 3.48 208.6 431 552 485.0 9.12 547.0
190.0 3.57 214.3 4.10 526 490.0 9.21 552.6
195.0 3.67 2199 3.87 496 495.0 9.30 558.2
200.0 3.76 225.6 3.68 - 472 500.0 9.40 563.9
+ 205.0 3.85 231.2 - 347 445 505.0 9.49 569.5
210.0 3.95 - 236.8 . 3.28 420 510.0 . 9.59 575.2 .
2150 404 .- 2425 3.10 397 515.0 9.68 580.8
220.0 414 248.1 - 2.93 376 620.0 ~ 9.77 586.4
225.0 4.23 253.7 -2.75 383 525.0 ' 9.87 6§92.1
230.0 - 4.32 2594 - 2.63 337 530.0 9.96 697.7
235.0 442 265.0 2.47- 317 5§35.0 10.06 603.4
240.0 451 2707 2.33 299 540.0 10.15 - 609.0
245.0 461 276.3- 2.22 - 285 545.0 10.24 614.6
250.0 - 470 281.9 ¢ 2.10 269 - 550.0 10.34 - 6203
255.0 - 4.79 287.6 1.99 255 - 5655.0 . 10.43 - 625.9.
260.0 4.89 293.2 1.88 241 560.0 10.53 '631.6
265.0 4.98 -298.9 1.78 2281 - 565.0 10.62 637.2
2700  5.07 - '304.5. - 1.68 215 570.0 10.71 642.8
2750 ' 517 3101 1.59 204\ 5750 10.81 . 648.5
280.0 5.26 316.8 1.50 192 580.0 10.90 654.1
285.0 5.36 3214 1.43 183 585.0 - 11.00 659.7
290.0 5.45 3211 . 1.36 174 590.0 "11.09 6654
295.0 5.54 332.7 - 1.28 164 595.0 11.18 671.0
300.0 5.64 338.3 1.21 155 600.0 11.28 676.7




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 2-PMP Existing Conditions

7.67 mi., Length of Watercourse

4.31 mi., Distance to Centroid

0.042 -, Ave. Weighted Manning's n

1.36 Hours

Drainage Area = 8.96 sq. miles
Basin Slope = 283 ft./mile
L=
Lca=
Kn =
PARAMETERS:
Calculated: Lag Time, Lg =

Lg+D/2 =

Basin Factor =

V'=
Qs=

Unit Duration, D =
Calculated Timestep =

18-May-06

1.45 Hours

1.97

240.93 cfs/Day
166.4 *q,cfs

14.89 minutes
4.34 minutes

Data to be used Unit Duration, D =

10 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60
Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
6,000 ——— - -
5,000
4,000
g
u
2 3000
<
S
2
2.000‘
. 1,000
4] N
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
' TIME, (Hours) -
Ul Record - Unit Graph 5 minute interval
Ui - 35 61 99 - 170 . 217 425 629 1012 1650 2428
Ul 3185 3880 4594 v 4794 4596 4237 3775 3272 2738 2356
Ul 2054 1781 1587 1417 1256 1135 1027 - 956 "~ 890 830
Ul © 775 724 683 640 602 564 528 495 461 437
ul 407 381 . 360 338 317 297 278 261 245 232
ul 217 203 191 178 167 157 146 138 130 123
ul 114 108 101 95 89 83 78 74 68 65
Ul 61 57. 55 49 46 44 41 39 37 35
Ul 33 31 29 27 25 25 - 21 20 19 8
Ul
Ul
ul
ul




o/

ul

Ui
ul
ul
ul
ul
Ul
ul
USBR calculated unitgraph peak = 4810 Interpolated Peak = 4794
.Timet, % Qs |Time t, % Qs
of Lg+D/2 Hours Min q cfs jof Lg+D/2 Hours Min. q cfs
5.0 0.07 - 43 0.19 32 305.0 442 265.0 0.66 110
10.0 0.14 8.7 0.32 53 310.0 449 269.3 0.63 105
15.0 0.22 13.0 0.48 80 315.0 4.56 2737 0.59 98
20.0 0.29 17.4 0.74 123 320.0 4.63 " 278.0 0.56 93
.25.0 0.36 21.7 1.21 201 325.0 4.71 2824 0.53 . 88
30.0 0.43 261 1.81 301 330.0 4.78 286.7 0.50 83
© 350 0.51 304 2.63 438 335.0 4.85 291.1 047 78
-40.0 0.58 34.8 3.68 612 340.0 4.92 2954 0.45 ‘75
45.0 0.65 39.1 5.47 910 345.0 5.00 299.7 0.42 70
50.0 0.72 43.4 8.41 1,399 350.0 - 5.07 304.1 0.40 67
55.0 0.80 47.8 12.61 2,098 355.0 "5.14 308.4 0.38 63
60.0 0.87 52.1 16.50 2,745 360.0 5.21 312.8 0.36 60
65.0 0.94 56.5 "20.50 3,411 365.0 5.29 317.1 0.34 57
70.0 - 1.01 60.8 23.97 3,988 370.0 5.36 321.5 0.33 55
75.0 1.09 65.2 27.75 4,617 - 375.0 5.43 325.8 0.30 50
80.0 1.16 69.5 2891 4,810 380.0 5.50 © 330.2 0.28 47
85.0 1.23 73.8 28.07 4,670 385.0 5.57 334.5 Q.27 45 -
90.0 1.30 78.2 26.38 4,389 390.0 5.65 338.8 0.26 43 -
95.0 1.38 82.5 24.18 4,023 395.0 5.72 3432 0.24 40
100.0 1.45 86.9 21.55 3,586 400.0 5.79 347.5 0.23 38
105.0 1.52 91.2 18.92 - 3,148 405.0 5.86 351.9 0.22 37
110.0 1.69 95.6 16.08 2676 - 4100 5.94 356.2 0.21- 35
115.0 1.67 99.9 14.19 2,361 415.0 6.01 360.6 0.20 33
120.0 1.74 104.3 12.61 2,098 420.0 6.08 364.9 0.19 32
125.0 1.81 108.6 11.04 1,837 425.0 6.15 369.2 0.18 30
130.0 1.88 112.9 9.99 1,662 430.0 6.23 373.6 0.17 28
135.0 1.95 173 9.04 1,504 435.0 6.30 377.9 .16 27
140.0 2.03 121.6 8.20 1,364 440.0 6.37 382.3 0.15 25
145.0 2.10 126.0 7.36 1,225 445.0 6.44 386.6 0.15 25
150.0 217 130.3 6.78 1,128 450.0 6.52 391.0 0.13 22
155.0 2.24 134.7 6.20 © 1,032 455.0 -6.59 395.3 0.12 20
160.0 2.32 139.0 5.83 970 460.0 6.66 - 398.7 0.12 20
165.0 2.39 1434 5.47 910 465.0 6.73 404.0 0.11 18
170.0 2.46 147.7 5.156 857 470.0 6.81 408.3
175.0 2.53 152.0 4.84 805 475.0 - 6.88 4127
180.0 2.61 156.4 4.57 760 480.0 6.95 417.0
185.0 2.68 160.7 4.31 717 485.0 7.02 4214
190.0 2.75 165.1 4.10 682 490.0 7.10° 425.7
- 195.0 2.82 169.4 3.87 644 .495.0 7.17 . 430.1 ,
200.0 2.90 173.8 3.68 - 612 500.0 7.24 4344 - <
-205.0 - 2.97 178.1 3.47 577 505.0 7.31 438.8
210.0 3.04 182.5 3.28 546 510.0 7.38 4431 -
215.0 3.1 186.8 3.10 "~ 516 515.0 - 7.46 447.4
220.0 -3.19 1911 293. . 488 - 5200 7.53 451.8
225.0 3.26 195.5 275 458 525.0 7.60 456.1
230.0 3.33 199.8 2.63 - 438 5§30.0 7.67 460.5
235.0 3.40 . 204.2 247 411 535.0 7.75 464.8
240.0 © 348 2085 2.33 388 | .540.0 7.82 469.2
245.0 " 3.55 212.9 2.22 369 - 545.0 '7.89 473.5
250.0 . 3.62 217.2 2.10 -349 550.0 7.96 4779
255.0 3.69 - 221.5 1.99 331 555.0 8.04 482.2
260.0 3.76 . 225.9 1.88 313 560.0 811 .4865
265.0 3.84 "230.2 . 1.78 296 565.0 .8.18 4909 -
270.0 3.91 234.6 ~1.68 280 570.0 8.25 495.2
275.0 3.98 238.9 1.59 265 " 5750 - . 833 499.6
280.0 4.05 243.3 1.50 250 580.0 - 8.40 503.9
, 285.0 4.13 247.6 1.43 238 585.0 8.47 508.3
290.0 420 252.0 1.36 226 590.0 8.54 512.6
295.0 4.27 256.3 1.28 213 585.0 8.62 516.9
300.0 4.34 260.6 1.21 201 600.0 8.69 521.3

NOTES: Use for models including Basin 2 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 3-10, 25, 100, 200 Existing Conditions

Drainage Area = 3.47 sq. miles Lg+D/2 = 1.59 Hours
Basin Slope = 57.1 ft./mile - Basin Factor = 1.15
L= 4.73 mi., Length of Watercourse V= 93.31 cfs/Day
Lca= 1.83 mi., Distance to Centroid Qs = 586 *q,cfs

Kn= 0.054 -, Ave. Weighted Manning's n : . '

PARAMETERS: . :
Calculated: Lag Time, Lg = 1.47 Hours Unit Duration, D = 16.02 minutes
Calculated Timestep = 4.78 minutes

18-May-06

Data to be used Unit Duration, D =

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

PN

15 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

. Unit Inflow Hydrograph
. Synthetic USBR COLORADO PLATEAU
1,800
1,600
1,400
1,200
& 4000
w
(O]
o
z
g 8o
[=]
600
400
200
0 —
0.00 2.00 ° . 400 600 . 800 | . 10.00 - 12.00
TIME, (Hours) :

Ul Record - Unit Graph 5 minute Ihtewél .

1 20 30 48 79 119 174-‘ - . 254

854 - . 1096 1322 ~ 1546 1672 1657 1566 =~ 1438
947 830 733 - 640 577 .520 468 421
332 311 . 292 275 © 258 244 231 218
183 172 161 154 | 144 136 © 129 122 -
102 96 91 86 82 7 72 69
57 54 51 - 48 46 43 "~ 40 38
32 .30 | 29 27 26 24 23 22
18 17 -16 15 14 13 - 13 12
10 - 10 9 9 8 7 - T 7

1392
1281
386
206
115
64
36
20
12

. 606

1120
355
194

108

61

20
11




‘ ‘, NOTES : Use for models including Basin 3 for the 10, 25, 100 and 200 year events

Ul
. Ul
K ) Ul
Ul
Ul
Ul
Ul
USBR calculated unitgraph peak = * 1693 Interpolated Peak = 1672
Timet, % Qs |Time t, % Qs
of Lg+D/2 Hours Min q- cfs |of Lg+D/2 Hours Min.. q cfs
50 0.08 4.8 0.19 1 305.0 4.86 291.6 0.66 39
10.0 0.16 9.6 0.32 19 310.0 494 - 296.4 0.63 37
15.0 0.24 14.3 0.48 28 315.0 5.02 301.1 0.59 35
20.0 0.32 19.1 0.74 43 320.0 - 5,10 305.9 0.56 33
25.0 0.40 239 1.21 71 325.0 5.18 310.7 0.53 31
30.0 0.48 28.7 1.81 106 330.0 526 = 3155 0.50 29
35.0 0.56 33.5 2.63 154 335.0 5.34 ~320.3 0.47 28
40.0 0.64 38.2 3.68 216 340.0 542 325.0 0.45 26
45.0 0.72 43.0 547 320 345.0 5.50 329.8 0.42 25
50.0 0.80 47.8 8.41 492 350.0 5.58 334.6 0.40 23
55.0 0.88 52.6 12.61 738 355.0 5.66 3394 0.38 22
60.0 . 0.96 574 16.50 966 360.0 574 344.2 0.36 21
65.0 1.04 62.1 20.50 1,200 365.0 . 582 348.9 0.34 20
70.0 1.12 66.9 23.97 1,404 370.0 5.90 353.7 0.33 19
75.0 1.20 717 27.75 1,625 375.0 5.98 358.5 0.30 18
80.0 1.27 76.5 28.91 1,693 380.0 6.05 363.3 0.28 16
85.0 1.35 813 28.07 1,644 385.0 6.13 368.1 0.27 16
90.0 143 86.0 '-26.38 1,545 390.0 6.21 372.8 0.26 15
95.0 1.51 90.8 24.18 1,416 395.0 6.29 377.6 0.24 14
100.0 1.59 95.6- 21.55 1,262 400.0 6.37 3824 0.23 13
105.0 1.67 100.4 18.92 1,108 405.0 6.45 387.2 0.22 13
1100 1.75 - 105.2 16.08 942 410.0 6.53 392.0 o.21 12
115.0 1.83 109.9 14.19 831 415.0 6.61 396.7 0.20 12
120.0 1.91 114.7 12.61 738 420.0 -6.69 401.5 0.19 - 1
U 125.0 1.99 119.5 11.04 647 425.0 6.77 . 406.3 " 0.18 1
130.0 2.07 124.3 9.99 585 430.0 6.85 411.1 0.17 10
. 135.0 2.15 129.1 9.04 529 435.0 6.93 4159 0.16 9
140.0 2.23 133.8 8.20 480 440.0 7.01 420.6 0.15 9
145.0 2.31 . 138.6 7.36 431 445.0 © 7.09 425.4 0.15 9
150.0 2.39 143.4 6.78 397 450.0 7.17 430.2 0.13 8
155.0 247 148.2 6.20 363 455.0 7.25 435.0 0.12 7
160.0 2.55° 153.0 5.83 341 460.0 7.33 439.8 0.12 7
165.0 2.63 157.7 547 320 465.0 7.41 4445 0.11 6
170.0 2.71 162.5 5.15 302 470.0 " 7.49 449.3 )
175.0 2.79 167.3 4.84 283 475.0 - 1.57 454 .1
180.0 2.87 1724 4.57 268 480.0 7.65 458.9
185.0 2.95 176.9 4.31 252 485.0 7.73 463.7
190.0 3.03 181.6. 4.10 . . 240 490.0 7.81 468.5
195.0 N 186.4 3.87 227 495.0 7.89 473.2
200.0 3.19 1912 3.68 216 500.0 7.97 478.0 -
205.0 3.27 196.0 3.47 203 505.0 8.05 482.8
210.0 3.35 200.8 3.28- 192 510.0 8.13 487.6
215.0 3.43 205.5 3.10 182 * 515.0 8.21 4924
220.0 .3.51 210.3 2.93 172 520.0 8.29 * 4971 -
-225.0 3.59 - 2151 2.75 161 525.0 8.37 5019 .
230.0 3.66 219.9 . - 2.63 154 5300 8.44 506.7
235.0 3.74 224.7 . 247 - 145 535.0 © 8.52 5115
240.0 3.82 229.4 2.33 136 540.0 - 8.60 516.3
2450 3.90 234.2 2.22 130 545.0 -868 - - 5210
250.0 398 . 239.0 - 210 123 - 5650.0 -8.76 - '525.8
255.0 4.06 . 2438 - . 1.99 117 | . 555.0 8.84 . 530.6
260.0 414 .- 2486 .-1.88 . 110 - . 560.0 8.92 © 6354
265.0 4.22 2533 - 1.78 104 - 565.0 - 9.00 540.2
.270.0 4.30 258.1° . 1.68 98 570.0 ~9.08 . 5449
275.0 4.38 262.9 1.59 93 575.0 - 9.16 - 549.7
280.0 446 = - 267.7 1.50 - . 88 580.0 924 - 5545
285.0 4.54 272.5 1.43 84 .585.0 $.9.32 . 559.3
290.0 4,62 271.2 1.36 80 590.0 9.40 564.1
295.0 . 4.70 282.0 1.28 75 5§95.0 9.48 568.8
300.0 4,78 286.8 121 - 71 600.0 9.56 573.6




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 3-PMP Existing Condltlons

Drainage Area = 3.47 sq. miles Lg+D/2 = 1.23 Hours
Basin Slope = 57.1 ft./mile Basin Factor = 1.15

L= 4.73 mi., Length of Watercourse V= 93.31 cfs/Day

lca= 1.83 mi., Distance to Centroid Qs= 76.1 *q.cfs

Kn= 0.042 -, Ave. Weighted Manning's n
PARAMETERS: . . '

Calculated: Lag Time, Lg = 1.14 Hours Unit Duration, D =° 12.46 minutes
: Calculated Tlmestep = 3.68 mmutes

18-May-06

‘Data to be used Unit Duration, D =
‘in Analysis  Selected Timestep =

10 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthelic USBR COLORADO PLATEAU
2,500 -

. 2,000

= 1500

k<3

i

g

ES

2

& 1,000

500
’ 0
0.00 4.00
’ TIME, (Hours) »
Ul Record - Unit Graph 5' minute interval

Ul 18 - 33 59 112" © 188 302 533 922 " 1330 1720
Ul 2102 2181 2050 1833 - 1561 1276 1066 . 903 773 675
Ul 588 520 464 426 392 - 361 334 311. 288 267
Ul 248 - 229 211 197 182 - 169 . 157 146 135 125
Ui 116 . 108 101 . " 93 86 80 74 68 64 59
ul 55 - 51 48 44 -4 " 38 : 35 32- 30 28
Ui 26 24 22 21 19 18 17 . 16 - 15 14
Ul 13 11 1 9 9 . 5
Ul
ul
Ul .
ul
ul




ul
Ul
ul
]}
Ul
Ul
- Ul
USBR calculated unitgraph peak = 2201 Interpolated Peak = 2181
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min. q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.06 3.7 0.19 14 305.0 3.74 2242 0.66- 50
10.0 0.12 7.4 0.32 24 310.0 3.80 2279 0.63 48.
15.0 0.18 11.0 0.48 37 315.0 3.86 231.6 0.59 45
20.0 0.25 14.7 0.74 56 320.0 3.92 235.3 0.56 43
25.0 0.31 18.4 1.21 92 325.0 3.98 239.0 0.53 4D
30.0 0.37 221 1.81 138 330.0 4.04 2426 0.50 38
35.0 0.43 25.7 2.63 200 335.0 4.1 246.3 0.47 36
40.0 0.49 294 3.68 280 340.0 4.17 250.0 0.45 34
45.0 0.55 331 547 417 345.0 4,23 12537 042 32
50.0 0.61 36.8 8.41 640 350.0 4,29 257.3 0.40 30
65.0 0.67 40.4 12.61 960 355.0 . 435 261.0 0.38 29
60.0 0.74 441 16.50 1,256 360.0 - 4.41 264.7 0.36 27
65.0 0.80 47.8 20.50 1,561 365.0 4.47 268.4 0.34 26
70.0 0.86 515 23.97 1,825 370.0 4,53 2720 0.33 25
75.0 0.92 55.1 27.75 2,113 375.0 4,60 275.7 0.30 23
80.0 0.98 58.8 28.91 2,201 380.0 4,66 2794 0.28 21
85.0 1.04 62.5 28.07 2,137 385.0 472 283.1 0.27 21
90.0 1.10 66.2 26.38 2,009 390.0 478 286.7 0.26 20
95.0 1.16 69.8 24.18 1,841 395.0 4.84 290.4 0.24 18
100.0 1.23 73.5 21.55 1,641 400.0 4.90 294 .1 0.23 18
105.0 1.29 77.2 18.92 1,441 405.0 4.96 297.8 0.22 17
110.0 1.35 80.9 16.08 1,224 410.0 502 . 3014 0.21 16
115.0 1.41 84.6 14.19 1,081 415.0 5.09 3051 0.20 15
120.0 1.47 88.2 12.61 960 420.0 5.15 308.8 0.19 14
125.0 1.53 91.9 11.04 841 425.0 5.21 312.5 0.18 14
130.0 1.59 95.6 9.99 761 430.0 5.27 316.2 0.17 13
135.0 1.65 99.3 9.04 688 435.0 533 319.8 0.16 12
140.0 1.72 102.9 8.20 624 440.0 5.39 323.5 0.15 1
145.0 1.78 106.6 7.36 560 445.0 5.45 327.2 0.15 1
150.0 1.84 110.3 .6.78 - 516 450.0 5.51 330.9 0.13 10
155.0 1.90 114.0 6.20 472 455.0 5.68 334.5 0.12 9
160.0 1.96 117.6 5.83 444 460.0 5.64 338.2 0.12 9
165.0 2.02 121.3 5.47 417 465.0 5.70 341.9 0.11 8
170.0 2.08 125.0 5.15 392 470.0 5.76 345.6
175.0 2.14 128.7 484 369 475.0 5.82 349.2
180.0 2.21 132.3 - 4,57 348 480.0 5.88 352.9
185.0 2.27 136.0 431 . 328 485.0 5.94 356.6
190.0 2.33 139.7 4.10 312 490.0 6.00 360.3
195.0 2.39 143.4 3.87 295 495.0 6.07 363.9
200.0 2.45 147.0 3.68 280 500.0 " 6.13 367.6
205.0 2.51 150.7 347 264 505.0 6.19 3713
.210.0 2.57 154.4 3.28 - 250 510.0 6.25 - 375.0
215.0 2.63 158.1 3.10 236 515.0 6.31 378.6
220.0 2.70 . 161.8 2.93 223 520.0 6.37 382.3
225.0 2.76 165.4 2.75 209 525.0 6.43 386.0
230.0 2.82 169.1 2.63 200 530.0 6.49 389.7
235.0 2.88 172.8 247 188 535.0 6.56 393.4
240.0 2.94 176.5 2.33 177 - 640.0 6.62 397.0
245.0 3.00 180.1 2.22 169 545.0 6.68 400.7 -
250.0 3.06 183.8 2.10 160 6§50.0 6.74 4044
255.0 3.12 187.5 1.99 152 555.0 6.80 408.1
260.0 3.19 191.2 1.88 143 560.0 6.86 417
265.0 3.25 194.8 - 1.78 . 136 665.0 6.92 4154
270.0 3.31 198.5 1.68 128 570.0 6.98 419.1
275.0 - 3.37 202.2 1.59 121 575.0 7.05 422.8
280.0 3.43 205.9 1.50 114 580.0 7.1 426.4
285.0 3.49 209.5 143 109 585.0 7.17 430.1
290.0 -3.65 2132 1.36 104 §90.0 7.23 4338
295.0 . 3.61 216.9 1.28 97 595.0 7.29 437.5
300.0 3.68 220.6 1.21 92 600.0 7.35 441.1

o/

ul

NOTES : Use for models including Basin 3 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 1-10, 25, 100,'200 Existing Conditions

Drainage Area= . 0.1839 sq. miles’ LgtD/2=
Basin Slope = 70.74 ft./mile Basin Factor =
L= 1.13 mi., Length of Watercourse V=
Lca= 0.52 mi., Distance to Centroid Qs=
Kn= - 0.054 -, Ave. Weighted Manning's n
PARAMETERS: ) .
Calculated: Lag Time, Lg = 0.58 Hours Unit Duration, D =

Calculated Timestep =

18-May-06

0.63 Hours
0.07

4.95 cfs/iDay
7.9 *q.cfs

6.36 minutes
1.88 minutes

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph

Synthetic USBR COLORADO PLATEAU

250
200 |
E 150
g
%
5
[}
0 100
50
0
0.00 0.50 100 150 .20 250 3.00 3.50 4.00
TIME, (Hours) .
Ul Record - Unit Graph ' 5 minute infervél
Ul . -3 11 29 89 . 171 229 197 142 100 74
ul 57 46 39 34 29 25 21 18 .16 14
ul 12 10 9 8 7 6 5 4 4 3
Ui 3 2 .2 2 : 2 1 1 1 0
Ul
ul
ul
Ul
ul
Ul
Ul
ul
ul

ul




o/

ui

ui
ul
ul
ul
ut
ul
Ul ' '
USBR calculated unitgraph peak = 229 . Interpolated Peak = 229
Time t, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q . cfs
5.0 0.03 1.9 0.19 2 305.0 1.91 114.4 0.66 5
10.0 -0.06 3.8 0.32 3 310.0 1.94 116.3 0.63 5
15.0 0.09 - 5.6 0.48 4 315.0 1.97 . 118.1 0.59 5
20.0 0.13 7.5 0.74 6 320.0 2.00 120.0 - 0.56 4
25.0 0.16 9.4 1.21 10 325.0 -2.03 121.9 0.53 4
30.0 0.19 113 1.81 14 330.0 2.06 123.8 0.50 4
-35.0 0.22 13.1 2.63 21 335.0 2.09 -+ 125.6 0.47 4
© 40.0 0.25 15.0 3.68 29 340.0 2.13 127.5 0.45 4
45.0 0.28 16.9 5.47 43 345.0 2.16 129.4 0.42 3
50.0 0.31 - 18.8 8.41 67 350.0 219 131.3 0.40 3
55.0 0.34 - 20.6 12.61 100 355.0 2.22 133.1 - 0.38 3
60.0 0.38 225 16.50 131 360.0 2.25 1350 0.36 3
65.0 041 244 20.50 162 365.0 2.28 136.9 0.34 3
70.0 044 26.3 23.97 190 370.0 2.31 138.8 0.33 3
75.0 0.47 28.1 27.75 220 375.0 2.34 140.6 0.30 2
80.0 0.50 30.0 28.91 - 229 380.0 - 2.38 142.5 0.28 2
85.0 0.53 31.9 28.07 222 385.0 2.41 1444 0.27 2
90.0 0.56 33.8 26.38 209 390.0 2.44 146.3 - 0.26 2
95.0 0.59 356 @ 24.18 191 395.0 2.47 148.1 0.24 2
100.0 0.63 37.5 21.55 170 400.0 2.50 150.0 0.23 2
105.0 0.66 39.4 18.92 150 405.0 2.53 1519 0.22 2
110.0 0.69 41.3 16.08 127 410.0 2.56 153.8 0.21 2
115.0 0.72 4341 14.19 112 415.0 2.59 155.6 . 0.20 2
120.0 0.75 45.0 12.61 100 420.0 2.63 157.5 0.19 2
125.0 0.78 46.9 11.04 87 425.0 2.66 1594 0.18 1
130.0 0.81 48.8 9.99 79 430.0 2.69 161.3 0.17 1
135.0 0.84 50.6 9.04 72 435.0 2.72 163.1 0.16 1
140.0 0.88 52.5 8.20 65 440.0 2.75 165.0 0.15 1
145.0 0.91 544 7.36 58 445.0 2.78 166.9 - 0.15 1
150.0 0.94 56.3 6.78 54 450.0 2.81 168.8 0.13 1
165.0 0.97 58.1 6.20 49 455.0 2.84 170.6 0.12 1
160.0 1.00 60.0 5.83 46 460.0 - 2.88 172.5 0.12 1
165.0 1.03 61.9 5.47 43 465.0 2.91 174.4 0.1 1
170.0 1.06 63.8 5.15 41 470.0 2.94 176.3
175.0 1.09 65.6 4.84. 38 475.0 2.97 178.1
180.0 1.13 67.5 4.57 36 480.0 3.00 180.0
185.0 1.16 69.4 4.31 34 485.0 3.03 181.9
190.0 1.19. 713 - 4.10 32. 490.0 3.06 183.8
195.0 1.22 73.1 3.87 31 495.0 3.09 185.6
200.0 '1.28 75.0 3.68 29 500.0 3.13 187.5
205.0 . 1.28 769 . 347 27 505.0 - 3.16 189.4
2100 . 131 78.8 3.28 26 510.0 - 319 1913 .
2150 1.34 806 - 3.10 25 515.0 3.22 183.1
.220.0 1.38 - 825 2.93 23 520.0 325 - 195.0
225.0 A4 84.4 2.75 22 - 525.0 3.28 196.9
230.0 1.44 86.3 .2.63 21 530.0 3.31° 198.8
2350 - 1.47 " 884 247 - 20 535.0 3.34 200.6
2400 - 1.50 90.0 233 18 540.0 3.38 202.5 '
245.0 - 1.53 . 919 2.22 18 545.0 3.41 204.4 g
250.0 -1.56 93.8. 2.10 17 550.0" 3.44 206.3
255.0 1.59° 956 199 16 -655.0 347 208.1
260.0 .1.63 97.5 1.88 15 -560.0 ~+-3.50 210.0
265.0 1.66 994 1.78 14 565.0 353, 2119
2700 1.69 101.3 1.68- 13 570.0 3.56 213.8
2750 1.72 103.1 159 13 575.0 "3.59 2156
280.0 . 175 © 105.0 1.50 . 12 680.0 - - 3.63 - 217.5
285.0 1.78 106.9 1.43. 1" .585.0° 3.66 2194
. 290.0 1.81 108.8 1.36 11 '590.0 3.69 221.3
2950 1.84 110.6 1.28 10 595.0 3.72 223.2
300.0 1.88 1125 1.21 10 600.0 3.75 225.0

NOTES : Use for models including Design Point 1 fof the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH 18-May-06

Design Point 2-10, 25, 100, 200 Exnstmg Condltlons

Drainage Area = 0.0863 sq. miles i Lg+D/2 = 0.66 Hours
Basin Slope = 52.14 ft./mile Basin Factor = 0.08
L= 1.04 mi., Length of Watercourse V= 2.32 cfs/Day
Lea= 0.59 mi., Distance to Centroid Qs= 35 *q,cfs
Kn = 0.054 -, Ave. Weighted Manning's n :
PARAMETERS: . ) _
Calculated: " Lag Time, Lg = 0.62 Hours Unit Duration, D = 6.79 minutes
Calculated Timestep = 1.99 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

120

100

DISCHARGE, (cfs)
3

40

20

0

© 0.00 0.50 1.00 - 150 2.00 2.50 3.00 3.50 4.00 4.50

TIME, (Hours) . - )
UlRecord -Unit Graph ~ 5 minute interval

ul 1 4 .M 30 65 97 .- 9. 75 52 38
ul 30 23 20 A7 15 13 1" 10 8 7
ul 6 ‘5 5 4 4 3 3 2 2 2
ur 2 1 1 1 1 o 4 1 1 1 0
ul 0 :
ul )
ul
Ul
ul
Ul .
ul
ul
ul

V]




N

NOTES: Use for models including Design Point 2 for the 10, 25, 100 and 200 year events

ul
ul
Ul
ul
ut
Ul
“ul : '
USBR calculated unitgraph peak = 101 Interpolated Peak = 97
Timet, % Qs [Timet, % Qs
of Lg+D/2 Hours Min q cfs [of Lg+D/2 Hours Min. q cfs
5.0 0.03 2.0 0.19 1 305.0 2.03 121.5 0.66 2
10.0 0.07 4.0 0.32 1 310.0 2.06 123.5 0.63 2
15.0 0.10 6.0 0.48 2 315.0 2.09 125.5 0.59 2
20.0 0.13 8.0 0.74 3 320.0 2.12 127.5 0.56 2
25.0 - 0.17 10.0 1.21 4 325.0 . 2.16 129.5 0.53 2
30.0 0.20 12.0 1.81 6 330.0 2.19 131.5 0.50 2
35.0 0.23 13.9 2.63 9 335.0 2.22 133.5 0.47 2
40.0 0.27 15.9 3.68 13 340.0 2.26 135.5 0.45 2
45.0 0.30 17.9 5.47 19 345.0 2.29 137.5 0.42 1
50.0 0.33 19.9 8.41 29 350.0 2.32 1394 0.40 1
55.0 0.37 219 12.61 44 "355.0 2.36 141.4 0.38 1
60.0 0.40 23.9 16.50 58 360.0 2.39 1434 0.36 1
65.0 0.43 25.9 20.50 72 365.0° 2.42 145.4 0.34 1
70.0 0.46 27.9 23.97 84 370.0 2.46 1474 0.33 1
750 0.50 299 27.75 97 375.0 249 1494 0.30 1
80.0 0.53 +31.9 28.91 101 380.0 2.52 1514 0.28 1
85.0 0.56 33.9 28.07 . 98 385.0 2.56 1634 0.27 1
90.0 0.60 35.9 26.38 92 390.0 2.59 155.4 0.26 1
-95.0 - -0.63 37.8 24.18 85 395.0 2.62 -157.4 0.24 1
100.0 0.66 39.8 21.55 75 400.0 2.66 1594 0.23 1
105.0 0.70° 41.8 18.92 66 405.0 2.69 1614 0.22 1
110.0 0.73 43.8 16.08 56 410.0 2.72 163.3 0.21 1
116.0 0.76 45.8 - 14.19 50 415.0 2.76 165.3 0.20 1
120.0 - 0.80 47.8 12.61 44 -420.0 2.79 167.3 0.19 1
125.0 - 0.83 49.8 11.04 39 425.0 2.82 169.3 0.18 1
130.0 0.86 51.8 9.99 35 430.0 2.86 171.3 0.17 1
135.0 0.90 53.8 9.04 32 435.0 2.89 173.3 0.16 1
140.0 0.93 - 55.8 8.20 29 440.0 2.92 - 175.3 0.15 1
145.0 0.96 57.8 7.36 26 445.0 2.95 177.3 0.15 1
150.0 1.00 59.8 6.78 24 450.0 2.99 179.3 0.13 0
155.0 1.03 ¢ . 61.8 6.20 22 455.0 3.02 181.3 0.12 0
160.0 1.06 - 863.7 5.83 20 460.0 3.05 183.3 0.12 0
165.0 1.10 65.7 547 19 465.0 3.09 185.3" 0.11 0
170.0 1.13 67.7 ~ 515 18 470.0 3.12 187.3
175.0 1.16 69.7 4.84 17 . = 475.0 3.15 189.2
180.0 1.20 7.7 4.57 16 480.0 3.19 191.2
185.0 1.23 73.7 4.31 15 485.0 3.22 193.2
190.0 1.26 75.7 4.10 14 490.0 3.25 195.2
195.0 1.29 77.7 3.87 14 495.0 329 197.2
200.0 133 © 797 - 3.68 13 500.0- 3.32 199.2
.205.0 1.36 81.7 3.47 12 505.0 3.35 201.2
210.0 1.39 83.7 3.28 . 1 510.0 3.39 203.2
215.0 1.43 85.7 3.10 1 515.0 3.42 205.2
220.0 - 1.46 87.7 2.93 10 520.0 3.45 207.2
225.0 1.49 89.6 2.75 10 525.0 . 349 209.2
230.0 1.53 91.6 2.63 -9 530.0 3.52 - 211.2
235.0 - 1.56 93.6 247 9 5§35.0 3.55 2131
240.0 1.59 95.6 2.33 8 540.0 3.59 215.1
245.0 1.63 97.6 2.22 8 .545.0 3.62 - - 2174
250.0 1.66 - 99.6 2.10 -7 550.0 3.65 - 219.1
255.0 1.69 101.6 1.99 7 556.0 369 . 2211
260.0 1.73 103.6 1.88 -7 - 560.0 3.72 -223.1
265.0 1.76 105.6 - 1.78 6 565.0 3.75 - 2251
- 270.0 1.79 107.6 1.68 6 5700 - . 378 2271
275.0 1.83 109.6 1.59 6 575.0 382 - . 2291
280.0 1.86 - 111.6 1.50 51| 5800 - 385 . 2311
2850 - 1.89 1135 1.43 5 - 585.0 - 3.88 2331
290.0 1.93 1165 1.36 5 590.0 - 3.92 235.1
295.0- 1.96 117.5 1.28 4 595.0 3.95 2371
300.0 1.99 119.5 1.21 4 600.0 3.98 239.0




COLORADO.PLATEAU UNIT HYDROGRAPH

Design Point 3-10, 25, 100, 200 Existing Conditions

0.71 Hours

Drainage Area =

Basin Slope = 77.56 ft./mile
. : L =
Lca=
Kn =
PARAMETERS: ,
Calculated: Lag Time, Lg =

0.1675 sq. miles

1.34 mi.,, Length of Watercourse
0.7 mi., Distance to Centroid
" 0.054 -, Ave. Weighted Manning's n

0.67 Hours

Lg+D/2 =
Basin Factor =

V=

Qs=

Unit Duration, D =

Calculated Timestep =

0.1

4.50 cfs/Day
6.3 *q,cfs

7.31 minutes

2.14 minutes

18-May-06

Data to be used

Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down 'to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
200
. 180
160
140
g 120 k
]
% 100
§
D 8o
60
40
20
0 ,
0.00 0.50 " 1.00 150 - 2.00 ‘250 /3,00 . 350 4.00 4.50
TIME, (Hours) ’
Ul Record - Unit Graph 5 minute interval
ul 2 7 17 4 - 91 153 181 157 119 . 86
ul 65 51 41 35 30 .. . 27 24 21 18 16
Ul 14 *12 11 g , 8 ' ' 7 6. -6 5 4
8] 4 3 3 3 2 2 2 2 1 1
Ul 1 1 1 1
Ul
Ul
Ul
Ul
Ul
Ul
Ul
Ul




et

ui

Ul
Ul
Ul
Ul
ul
Ul
Ul .
USBR calculated unitgraph peak = 183 Interpolated Peak = 181
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.04 2.1 0.19 1] 305.0 2.17 130.3 0.66 4
10.0 0.07 4.3 0.32 2 310.0 2.21 1325 0.63 4
15.0 011 6.4 0.48 3 315.0 -2.24 1346 0.59 4
200 0.14 8.5 0.74 5 320.0 2.28 136.7 0.56 4
25.0 0.18 . 10.7 1.21 8 325.0 2.31 138.9 0.53 3
30.0 0.21 12.8 1.81 11 330.0 2.35 141.0 0.50 3
35.0 0.25 15.0 2.63 17 335.0 2.39 143.1 0.47 3
40.0 0.28 17.1 3.68 23 340.0 242 145.3 0.45 3
45.0 0.32 19.2 5.47 35 345.0 2.46 147.4 0.42 3
50.0 0.36 214 8.41 53 350.0 2.49 149.6 0.40 3
§5.0 0.39 23.5 12.61 80 355.0 -2.53 151.7 0.38 2
. 60.0 . 0.43 256 16.50 104 360.0 2.56 153.8 0.36 2
65.0 0.46 27.8 20.50 130 365.0 2.60 156.0 0.34 2
70.0 0.50 29.9 23.97 152 370.0 .2.64 158.1 0.33 2
75.0 0.53 32.0 27.75 176 - 375.0 2.67 160.2 0.30 2
80.0 0.57 34.2 28.91 183 380.0 2.71 1624 0.28 2
85.0 0.61 36.3 28.07 178 385.0 2.74 164.5 0.27 2
90.0 0.64 38.5 26.38 167 390.0 2.78 166.6 0.26 2
95.0 0.68 40.6 24.18 163 395.0 2.81 168.8 0.24 2
100.0 0.71 427 21.55 136 400.0 2.85 170.9 0.23 1
105.0 0.75 449 18.92 120 405.0 2.88 173.1 0.22 1
110.0 0.78 47.0 16.08 102 410.0 2.92 175.2 0.21 1
115.0 0.82 49.1 14.19 90 415.0 2.96 177.3 0.20 1
120.0 0.85 51.3 12.61 80 420.0 2.99 179.5 0.19 1
125.0 0.89 534 11.04 70 425.0 3.03 181.6 0.18 1
130.0 0.93 55.5 9.99 63 430.0 3.06 183.7 0.17 1
135.0 0.96 57.7 9.04 57 435.0 3.10 185.9 0.16 1
140.0 1.00 59.8 8.20 52 440.0 3.13 188.0 0.15 1
145.0 1.03 62.0 7.36 a7 445.0 347 . 190.2 0.15 1
150.0 1.07 64.1 6.78 43 450.0 3.20 192.3 0.13 1
155.0 1.10 66.2 6.20 39 455.0 3.24 194.4 0.12 1
160.0 -1.14 68.4 5.83 37 - 460.0 3.28 196.6 0.12 1
165.0 1.18 70.5 5.47 35 465.0 3.31 198.7 0.1 1
170.0 1.21 726 - 5.15 33 470.0 3.35 200.8
175.0 1.25 74.8 4.84 3 475.0 3.38 203.0
180.0 1.28 76.9 4.57 29 480.0 *3.42 205.1
185.0 - 1.32 79.1 4.31 27 " 485.0 3.45 207.2
190.0 1.35 - 81.2 4.10 26 490.0 3.49 209.4
195.0 1.39 -83.3 3.87 24 495.0 3.53 211.5
200.0 1.42 - 85.5 3.68 23 500.0 3.56 213.7
205.0 1.46 87.6 3.47 22 505.0 3.60 215.8
2100 1.50 89.7 3.28 - 21 510.0 363 217.9.
215.0 1.53 919 3.10 20 . 515.0 3.67 220.1
220.0 1.57 94.0 2.93 19 . 520.0 3.70 222.2
225.0 1.60 96.1 2.75 17 525.0 3.74 2243 -
230.0 1.64 98.3 2.63 17 530.0 3.77 226.5
235.0 1.67 1004 247 16. 535.0 3.81 228.6
. 2400 1.71 102.6 2.33 15 540.0 3.85 230.7
. 2450 1.74 104.7 T 222 14 545.0 3.88 232.9
250.0 1.78 106.8 2.10 13 -550.0 3.92 235.0
255.0 1.82 109.0 199 ° 13 555.0 - 3.95 237.2
260.0 1.85 1111 1.88 12 560.0 3.99 239.3
©265.0 1.89 113.2 1.78 11 565.0 .4.02 2414
270.0 1.92 1154 1.68 11 570.0 4.06 243.6
275.0 1.96 117.5 - 1.59 10] . 5750 - 440 '245.7
280.0 1.99 119.6 1.50 -9 " 5800 - » 413 2478
285.0 -.2.03 121.8 143 . 9 585.0 (a7 *250.0
290.0 2.07 1239 1.36 9 - 590.0 4.20 252.1
2950 2.10 126.1 1.28 - 8 §95.0 4.24 254.2
300.0 2.14 128.2 1.21 8 600.0 4.27 256.4

NOTES : Use for models including Design Point 3 for the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH ' . 18-May-06

Basin 1-10, 25, 100, 200 Proposed Conditions

Drainage Area = 2.63 sq. miles Lg+D/2 = 0.77 Hours
Basin Slope = 356 ft./mile Basin Factor = 0.13
L= 2.92 mi., Length of Watercourse V= 70.72 cfs/Day
Lca= 0.87 mi., Distance to Centroid : Qs= 92.3 .*q,cfs
Kn= 0.054 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time, Lg= 0.72 Hours ’ Unit Duration,D = 7.90 minutes
Calculated Timestep = 2.30 minutes
Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in'Analysis  Selected Timestep = : 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph }
Synthetic USBR COLORADO PLATEAU
3,000
2,500
2,000
g
uf
2 1500
£
3
Q
1,000
500
0
0.00 0.50 1.00 " 150 ] 2.00 2.50 300 3s ‘400 4.50 5.00
* TIME, (Hours) '
Ui Record - Unit Graph = o 5 minute i‘nter_v’al .
ul 32 84 207 456 1117 - 1909 2586 - 2528 2001 " 1549
Ul 1174 913 735 601 - 517 452 - 398 . 354 _ - 314 - 278
Ul 246 217 : 193 172 152 = 135 - 120 - . 107 94 83
ul 74 65 59 - 52 46 41 36 - 32 28 25
Ul 22 / 20 - - 18 16 14 42 - T M ’
ul '
ut ' < .
Ul AR 0
ul
u .
ul
Ul

ul




ul

[,

‘NOTES : Use for models including Basin 1 for the 10, 25, 100 and 200 year events

ut
‘ ul
\ ) ul
ul
ut
ul
ul ' i
USBR calculated unitgraph peak = 2669 Interpolated Peak = 2586
Timet, % Qs [Time t, % Qs
of Lg+D/2 Hours Min q cfs Jof Lg+D/2 Hours Min. q cfs
- 8.0 0.04 - 23 0.19 18 305.0 2.34 140.2 0.66 - 61
10.0 0.08 4.6 0.32 30 3100 237 142.5 0.63 58
15.0 0.11 6.9 0.48 44 315.0 . 241 144.8 0.59 54
20.0 0.15 9.2. 0.74 68 320.0 2.45 147.1 0.56 52
25.0 0.19 11.5 1.21 112 325.0 - 249 149.4 0.53 49
30.0 0.23 13.8 1.81 167 330.0 2.53 1517 0.50 46
35.0 0.27 16.1 2.63 243 335.0 - 2.57 154.0 047 43
40.0 0.31 18.4 3.68 340 340.0 2.60 156.3 0.45 - 42
45.0 0.34 20.7 547 505 - 345.0 2.64 1568.6 0.42 39
50.0 0.38 .23.0 8.41 776 350.0 2.68 160.9 0.40 37
65.0 0.42 253 12.61: 1,164 355.0 272 . 163.2 0.38 35
. 60.0 0.46 27.6 16.50 1,523 360.0 2.76 165.5 0.36 33
65.0 0.50 - 29.9 20.50 1,892 365.0 2.80 167.8 0.34 3
70.0 0.54 32.2 23.97 2,213 370.0 2.83 1701 0.33 30
75.0 - 0.57 345 27.75 " 2,662 375.0 2.87 172.4 0.30 28
80.0 0.61 36.8 28.91 2,669 380.0 291 174.7 0.28 26
85.0 0.65 39.1 28.07 2,591 385.0 "2.95 177.0 0.27 25
90.0 . 0.69 414 26.38 - 2,435 390.0 2.99 179.3 0.26 24
95.0 0.73 43.7 24.18 2,232 395.0 3.03 181.6 0.24 22
100.0 0.77 46.0 21.55 1,989 . 400.0 3.06 1839 0.23 21
105.0 0.80 48.3 18.92 1,747 405.0 3.10 186.2 0.22 20
110.0 0.84 50.6 16.08 1,484 410.0 - 3.14 188.5 0.21 19
115.0 0.88 52.9 14.19 1,310 415.0 3.18 180.8 0.20 18
120.0 0.92 55.2 12.61 1,164 420.0 3.22 193.1 0.19 18
125.0 0.96 -57.5 11.04 1,019 425.0 3.26 1954 ©0.18 17
130.0 1.00 59.8 9.99 922 430.0 - 3.29 197.7 0.17 16
135.0 1.03 62.1 9.04 835 435.0 3.33 200.0 0.16 15
140.0 1.07 64.4 8.20 757 440.0 3.37 202.2 0.15 14
145.0 1.1 66.7° 7.36 679 445.0 3.41 204.5 0.15 14
150.0 1.15 68.9 .6.78 626 450.0 3.45 206.8 0.13 12
1565.0 1.19 71.2 6.20 572 455.0 3.49 209.1 0.12 11
160.0 1.23 735 . 5.83 538 460.0 3.52 2114 0.12 11
165.0 1.26 75.8 5.47 505 465.0 3.56 213.7 0.1 10
170.0 .1.30 78.1 5.15 475 470.0 3.60 216.0
175.0 1.34 80.4 4.84 447 475.0 3.64 218.3
180.0 1.38 827 4.57 422 480.0 3.68 220.6
185.0 142 . 85.0 4.31 398 485.0 3.72 2229
190.0 1.46 87.3 4.10 378 .490.0 3.75 2252
195.0 1.49 89.6 3.87 357 495.0 3.79 227.5
. 200.0 1.53 91.9 3.68 . . 340 500.0 3.83 229.8
205.0 1.57 94.2 347 - 320 505.0 3.87 2321
210.0 1.61 96.5 3.28 303 510.0 3.91 2344
215.0 1.65 98.8 3.10 286 515.0 3.95 236.7
220.0 1.69 101.1 293 . .270 520.0 3.98 239.0
225.0 172 103.4 275 - 254 5250 4.02 . 2413
230.0 - 1.76 105.7. 2.63 243 530.0. " 4.06 2436 . i
235.0 1.80 108.0 247 228 535.0 4.10 2459
240.0 1.84 1103 2.33 215 | . 540.0 414 2482
2450 _ 188 112.6 222 205] - 545.0 4.18 2505 ~
250.0 1.92 114.9 2.10 194 ] - 550.0 4.21 252.8
255.0 1.95 17.2 1.99 184 . 555.0 4.25 255.1
260.0 199 © 1185 1.88 174 560.0 4.29 2574
265.0 203 1218 1.78 164 - 565.0 433 = 2597
270.0 . 207 1241 1.68 . 155 570.0 437 - 262.0
275.0 211 126.4 - 1.59 147 | - 575.0 - 441 .. 264.3
280.0 " 2.15 128.7 - 1.50 138 | - 5B80.0 444 266.6
285.0 2.18 131.0 - 1.43 132 4 585.0 448 268.9
290.0 222 133.3 "1.36 126 | © 590.0 4.52 - 211.2
295.0 226 135.6 1.28 118 595.0 4.56 273.5
300.0 2.30 137.9 1.21 112 600.0 - 4.60 275.8




COLORADQ PLATEAU UNIT HYDROGRAPH -

Basin 1-PMP Proposed Conditions

2.63 sq. miles

2.92 mi., Length of Watercourse
0.87 mi., Distance to Centroid

0.042 -, Ave. Weighted Manning's n

0.56 Hours

Drainage Area =
Basin Slope = 356 ft./mile
L=
Lea=
Kn =
PARAMETERS:
Calculated: Lag Time, Lg =

Lg+D/2=

Basin Factor =

V'=
Qs=

Unit Duration, D =
Calculated Timestep =

18-May-06

0.61 Hours
0.13
70.72 cfs/Day
116.9 *q.cfs

6.15 minutes
1.82 minutes

Data to be used Unit Duration, D =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60
. Unit Inflow Hydrograph -
Synthetic USBR COLORADO PLATEAU
4,000
3,500
3.000_
2,500
£
s
2,000
£
2
(=]
1,500
1,000
500
V]
0.00 0.50 1.00 1.50 . 200 2.50 3.50 4.00
) TIME, (Hours)
Ui Record - Unit Graph 5 minute interval
ul 52 177 485 1482 2709 3327 . 2740 1872 1329 1003
Ul 772 637 540 464 399 341 © 202 251 216 , 185
ul 160 137 117 100 87 75 64 55 47 41
ul 34 30 26 23 19 17 14
Ui '
Ul
ul
Ul
ul
ul
ul
ul
ul




ul
ur
ul
Ul
ul
Ul
Ul
USBR calculated unitgraph peak = 3379 Interpolated Peak = 3327
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 - Hours Min. q cfs
5.0 0.03 1.8 0.19 22 305.0 1.85 110.7 0.66 77
10.0 0.06 36 0.32 37 310.0 1.88 112.6 0.63 74
15.0 0.09 54 0.48 56 315.0 1.91 144 0.59 69
20.0 0.12 7.3 0.74 86 320.0 ©1.94 116.2 0.56 65
25.0 0.15 9.1 1.21 141 325.0 1.97 118.0 0.53 62
30.0 0.18 109 1.81 212 330.0 2.00 119.8 0.50 58
35.0 0.21 127 2.63 307 335.0 2.03 121.6 0.47 85
40.0 0.24 14.5 3.68 430 340.0 2.06 1234 0.45 53
- 45.0 0.27 16.3 5.47 639 345.0 2.09 125.3 0.42 49
50.0 0.30 18.2 8.41 983 350.0 2.12 1271 0.40 47
55.0 0.33 120.0 12.61 1,474 355.0 2.15 128.9 0.38 44
60.0 0.36 . 218 16.50 1,928 360.0 2.18 130.7 0.36 42
65.0 0.39 23.6 20.50 2,396 365.0 2.21 132.5 0.34 40
70.0 . 0.42 254 23.97 2,801 370.0 2.24 - 134.3 0.33 39
75.0 0.45 . 27.2 27.75 3,243 375.0 2.27 136.1 0.30 35
80.0 0.48 29.0 28.91 3,379 - 380.0 2.30 138.0 0.28 33
85.0 0.51 30.9 28.07 3,281 385.0 2.33 139.8 0.27 32
'90.0- 0.54 32.7 26.38 3,083 390.0 2.36 141.6 0.26 30
95.0 0.57 34.5 24.18 2,826 395.0 2.39 143.4 0.24 28
100.0 0.61 36.3 21.55 2,519 400.0 242 145.2 0.23 27
105.0 0.64 38.1 18.92 2,211 405.0 2.45 147.0 0.22 26
110.0 0.67 39.9 16.08 1,879 410.0 248 148.9 0.21 25
115.0 0.70 41.8 14.19 1,658 415.0 2.51 150.7 0.20 23
120.0 0.73 43.6 12.61 1474 420.0 2.54 152.5 0.19 22
125.0 0.76 454 11.04 1,290 425.0 2.57 154.3 0.18 21
130.0 0.79 47.2 9.99 1,168 . 430.0 2.60 156.1 0.17 20
135.0 0.82 49.0 9.04 1,057 435.0 2.63 157.9 0.16 19
140.0 0.85 50.8 8.20 958 440.0 '2.66 159.7 0.15 18
- 145.0 0.88 52.6 . 7.36 860 445.0 2.69 161.6 0.15 18
150.0 . 0.91 54.5 6.78 792 450.0 272 163.4 0.13 15
155.0 0.94 56.3 © 6.20 725 455.0 275 165.2 0.12 14
160.0 0.97 - 58.1 - 5.83 681 460.0 2.78 167.0 0.12 14
165.0 1.00 59.9 - 547 639 465.0 2.81 168.8 0.1 13
170.0 1.03 - 61.7 5.15 602 . 470.0 284 170.6
175.0 1.06 63.5 4.84 566 475.0 2.87 172.5
180.0 1.09 65.4 4.57 534 480.0 2.90 174.3
185.0 1.12 67.2 4.31 504 485.0 2.93 176.1
190.0 1.15 69.0 4.10 479 490.0 297 177.9
195.0 1.18 70.8 3.87 452 495.0 3.00 179.7
200.0 1.21 72.6 3.68 430 - 500.0 3.03 - 1815
205.0 1.24 - 744 .3.47 . 406 505.0 3.06 183.3
210.0 1.27 76.2 3.28 ‘383 510.0 3.09 185.2
215.0 1.30 . 784 3.10 362 516.0 . 312 . 187.0
220.0 1.33 799 2.93 342 520.0 315 1888
225.0 1.36 81.7 275 321 525.0 3.18 190.6
230.0 1.39 -83.5 2.63 307 530.0 3.21 ° - 1924
235.0 1.42 - 853 . 2.47 . 289 535.0° 3.24 194.2
240.0 1.45 87.1 2.33 272 540.0 3.27 196.1
245.0 148 89.0 2.22 259 - 545.0 3.30 197.9
250.0 1.51 90.8 2.10 245 550.0 3.33 199.7
. 2585.0 1.54 92.6 1.99 . 233 5§55.0 3.36 201.5
260.0 1.57 94.4 1.88 220 560.0 - 3.39 203.3
265.0 1.60 96.2 1.78 208 565.0 . 342 205.1
270.0 1.63 . 98.0 1.68 196 5§70.0 - 345 . . 206.9
275.0 1.66 99.8 1.59 186 ' 575.0 3.48 208.8
280.0 1.69 101.7 1.50 175 -580.0 3.51 "210.6-
2850 .- 1727 103.5 " 143 167 585.0 354 2124
290.0 1.75 105.3 1.36 159 §90.0 “3.57 0 214.2
295.0 1.79 107.1 1.28 150 595.0 3.60 216.0
" 300.0 1.82 108.9 1.21 141 600.0 3.63 217.8

NOTES: Use for models including Basin 1 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 2-10, 25, 100, 200 Proposed Conditions

7.67 mi., Length of Watercourse
4.31 mi., Distance to Centroid

0.054 -, Ave. Weighted Manning's n

Drainage Area = 8.96 sq. miles
Basin Slope = 283 ft./mile
L=
Leca=
Kn=
PARAMETERS:
Calculated:

Lag Time, Lg =

1.75 Hours

Lg+D/2 =
Basin Factor =

V=
Qs=

Unit Duration. D=

Calculated Timestep =

1.88 Hours

1.97

240.93 cfs/Day
128.2 *q,cfs

* 19.14 minutes

5.64 minutes

18-May-06

Data to be used Unit Duration, D =

15 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis ~ Selected Timestep = 5 minutes, integer value evenly divisible into 60
. Unit Inflow Hydrograph
. Synthetic USBR COLORADO PLATEAU
4,000 -

1

rT

e STA AR,

3,500

2,500

DISCHARGE, {cfs)
»
1
Q

g
(=]

1.000

500

0 - _

0.00 2.00 4.00 . 6.00 8.00 10.00 12.00

' TIME, (Hours) .
Ul Record - Unit Graph 5 minute interval

ul 22 37 55 80 121 180 254 350 469 671
ul 985 1423 1879 2327 2761 3163 3568 3700 3615 3439
Ul 3206 2928 2629 2323 2021 1808 1628 1450 -1319 1207
Ul 1106 1011 924 858 793 751 710 ‘673 637 604 .
ul 574 546 522 496 474 450 428 407 388 368
ul 349 335 317 . 301 . 288 274 262 249 237 226
ul 214 204 - 194~ 186 178 169 . 160 153 146 138
ut 131 125 119 - 113 108 103 a9 94 . 88 85
ul 81 7 73 70 67 63 - 60 58 54 52
ul .50 47 45 43 41 38 36 35 34 32
Ui 30 29 28 27. 26 24 23 22 21 20
Ul 19 18 16 15 15 14 4
ul.




(, ) NOTES: Use for models including Basin 2 for the 10, 25, 100 and 200 year events

Ul
ur
Ul
ul
Ul
Ul
ul . , <
USBR calculated unitgraph peak = 3706 Interpolated Peak= 3700
Time t, % Qs [Time t, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.09 5.6 0.19 24 - 305.0 5.73 344.0 0.66 . 85
10.0 0.19 11.3 0.32 41 310.0 5.83 349.6 0.63 81
16.0 0.28 16.9 0.48 62 315.0 5.92 355.2 0.59 76
20.0 0.38 226 0.74 95 320.0 6.01 360.9 0.56 72
25.0 0.47 28.2 1.21 155 325.0 6.11 366.5 0.53 68
30.0 0.56 338 1.81 232 330.0 6.20 372.2 0.50 64
35.0 0.66 39.5 2.63 337 335.0 6.30 3778 0.47 60
40.0 0.76 451 3.68 472 340.0 6.39 3834 0.45 58
450 - 0.85 50.7 547 701 345.0 6.48 389.1 0.42 54
50.0 0.94 56.4 8.41- 1,078 350.0 6.58 394.7 0.40 - 51
55.0 1.03 62.0 12.61 1,616 355.0 6.67 400.4 0.38 49
60.0 1.13 67.7 16.50 2,115 360.0 6.77 . 406.0 0.36 46
65.0 1.22 733 20.50 2,628 © 365.0 6.86 4116 0.34 44
70.0 1.32 78.9 23.97 3,073 370.0 6.95 417.3 0.33 42
75.0 1.41 84.6 27.75 3,557 375.0 7.05 422.9 0.30 38
80.0 1.50 90.2 28.91 3,706 380.0 7.14 428.6 0.28 36
85.0 1.60 95.9 28.07 3,598 385.0 7.24 434.2 0.27 35
90.0 " 1.69 101.5 26.38 3,381 390.0 7.33 439.8 0.26 33
- 95.0 - 1.79 107.1 24.18 3,099 395.0 7.42 445.5 0.24 31
100.0 1.88 112.8 21.55 2,762 400.0 7.52 451.1 0.23 29
105.0 1.97 118.4 18.92 2,425 405.0 7.61 456.7 0.22 28
110.0 2.07 1241 16.08 2,061 410.0 7.71 4624 0.21 27
115.0 2.16 129.7 14.19 1,819 415.0 7.80 468.0 0.20 26
( 120.0 2,26 1353 12.61 1,616 420.0 7.89 473.7 0.19 24
125.0 2.35 141.0 11.04 1,415 425.0 7.99 4793 0.18 23
130.0 244 146.6 9.99 1,281 430.0 -~ B8.08 484.9 0.17 22
: 135.0 2.54 152.2 9.04 1,159 435.0 8.18 490.6 0.16 21
140.0 2.63 157.9 8.20 1,051 440.0 8.27 496.2 0.15 19
145.0 2.73 163.5 7.36 943 445.0 8.36 601.9 0.15 19
150.0 . 2.82 169.2 6.78 869 450.0 8.46 5607.5 0.13 17
155.0 2.91 174.8 6.20 795 455.0 8.55 513.1 0.12 15
160.0 3.01 180.4 5.83 147 460.0 . 8.65 518.8 0.12 15
165.0 3.10 186.1 547 . 701 465.0 8.74 524.4 0.11 14
170.0 3.20 191.7 5.15 660 470.0 8.83 530.1
.175.0 3.29 197.4 4.84 620 475.0 8.93 535.7
180.0 3.38 203.0 -4.57 586 480.0 9.02 541.3
185.0 3.48 208.6 4.31 552 . 485.0 1912 547.0
190.0 3.57 214.3 4.10 526 490.0 9.21 552.6
195.0 3.67 ~ 219.9- 3.87 496 495.0 9.30 558.2
200.0 3.76 225.6 3.68 472 |. 500.0 9.40 . 5639 -
2050 3.85 231.2 3.47 445 505.0 949 569.5
210.0 3.95 236.8 3.28 420 * 510.0 9.59 575.2
215.0 4.04 242.5 ‘3.10 397 - 515.0 9.68 . 5680.8
220.0 4,14 248.1 2.93 376 520.0 9.77 586.4
225.0 4.23 253.7 . 2.75 353 | . 525.0 9.87 592.1
230.0 . 432 259.4 2.63 337 .530.0 9.96 - §97.7
235.0 442 265.0 247 317 5§35.0 " 10.06 603.4
- 240.0 4.51. 270.7 - 2.33 299 540.0 - 10.15 609.0
. 245.0 4.61 276.3 ..2.22 285 545.0 1024 ~ 6146
250.0 470 2819 210 269 5§50.0 10.34 . 620.3
- 255.0 4,79 287.6 1.99. 255 | . 555.0 10.43 625.9
260.0 - 489 293.2 1.88 241 560.0 10.53 631.6
265.0 - 4,98 298.9 - 1.78 228 565.0 10.62. . 637.2
270.0 5.07 - 304.5 1.68 215 670.0 10.71 642.8
27150 . 547 310.1 1.59. - 204 575.0 .10.81 648.5
280.0 5.26 315.8 1.50 192 580.0 . " 10.90 6541
285.0 5.36 3214 - 1.43 183 685.0 11.00 659.7
290.0 5.45 3271 1.36 174 590.0 11.09 665.4
295.0 554 . 3327 128 164 595.0 11.18 671.0
300.0 5.64 338.3 1.21 155 600.0 11.28 676.7




COLORADO PLATEAU UNIT HYDROGRAPH ' 18-May-06

Basin 2-PMP Proposed Conditions

Drainage Area = 8.96 sq. miles Lg+D/2 = ~ 1.45 Hours

Basin Slope = 283 ft./mile ' Basin Factor =. 1.97
L= 7.67 mi., Length of Watercourse ' V'= 240.93 cfs/Day
Lca= - 4.31 mi, Distance to Centroid Qs = 1664 *q,cfs
Kn = 0.042 -, Ave. Weighted Manning's n
PARAMETERS: :
Calculated: Lag Time, Lg= . 1.36 Hours Unit Duration, D = 14.89 minutes
Calculated Timestep = 4.34 minutes
Data to be used Unit Duration, D = 10 minutes, round down to nearest of 5, 10, 15, 30, 60, i20, 180, or 360

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

. Uﬁil Inflow Hydrograph .
! . Synthetic USBR COLORADO PLATEAU
6,000
5,000
4,000
g
ui
£ 2000
3
8
2,000
1,000 .
. ' : .
0.00 1.00 200 300 . 4.00 ) *5.00 - 6.00 . 7.00 . 800 9.00 10.00
' ’ _ TIME, (Hours) o
Ul Record - Unit Graph . R 5 minute interval o -
ul 35 61 - 99 170 277 425 - 629 1012 1650 . 2428
ul 3185 3880 4594 - 4794 4596 4237 3775 - 3272 2738 2356
ut 2054 . 1781 1587 ~ 1417 1256~ 1135 1027 956 . 890 830
Ul 775 724 -, 683 640 602 . 564 . 528 - 495 461 437
Ul 407 381 360 338 317 297 - 278 261 245 232
ul 217 203 191 178 . .167 157 146 - 138 130 123
Ul 114 108 101 95 89 83 78 74 68 65
ul " 61 57 . 55 49 46 T 44 41 39 37 35
ul 33 31 © 29 271 . 25 25 21 20 19 8
ul :
Ul
ui
ul




ul

ul
Ul
ul
- W
ur
Ul
ui )
. USBR calculated unitgraph peak = 4810 Interpolated Peak = 4794
Timet, % ] Qs [Timet, % Qs
of Lg+D/2 Hours Min. q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.07 4.3 0.19 32 305.0 -4.42 265.0 0.66 110
10.0 0.14 8.7 0.32 53 310.0 4.49 269.3 0.63 105
150 0.22 ' 130 0.48 80 .315.0 4,56 273.7 0.59 a8
20.0 -0.29 17.4 074 - 123 | - 320.0 4.63 278.0 0.56 93
25.0 0.36 21.7 1.21 201 325.0 4.71 282.4 0.53 88
30.0 043" 26.1 1.81 _ 3071|3300 4.78 286.7 0.50 83
35.0 0.51 304 2.63 438 335.0 4.85 291.1 0.47 78
40.0 0.58 348 3.68 612 - 3400 4.92 2954 045 75
45.0 0.65 39.1 5.47 910 345.0 - 5,00 299.7 0.42 70
60.0 0.72 43.4 8.41 1,399 350.0 5.07 304.1 0.40 67
- 565.0 0.80 47.8 12.61 2,098 )  355.0 5.14 308.4 0.38 63
60.0 0.87 52.1 16.50 2,745 |- .360.0 5.21 312.8 0.36 60
65.0 0.94 - 66.5 2050 3 411 365.0 5.29 3171 0.34 57
70.0 1.01 60.8 2397 - 3,988 370.0 5.36 321.5 0.33 55
750 - 1.09 65.2 27.75 4,617 375.0 543 325.8 - 0.30 50
- -80.0 1.16 69.5 28.91 4,810 380.0 5.50 330.2 0.28 47
85.0 1.23 73.8 28.07 4,670 385.0 5.57 3345 0.27 45
90.0 1.30 78.2 26.38 4,389 390.0 5.65 338.8 0.26 43
95.0 1.38 825 24.18 - 4,023 395.0 5.72 343.2 0.24 40
100.0 1.45 86.9 21.55 3,586 400.0 5.79 347.5 0.23 ‘38
105.0 1.52 91.2 18.92 3,148 405.0 5.86 351.9 0.22 37
110.0 -1.59 95.6 16.08 2,676 410.0 5.94 356.2 0.21 35
115.0 1.67 99.9 14.19 - 2,361 415.0 6.01 3606 . 0.20 33
120.0 1.74 104.3 12.61 2,098 420.0 6.08 364.9 0.19 32
\ J 125.0 1.81 108.6 11.04 1,837 425.0 6.15 369.2 0.18 30
130.0 1.88 1128 9.99 1,662 430.0 6.23 3736 0.7 28
135.0 1.95 117.3 9.04 +1,504 435.0 6.30 377.9 0.16 27
140.0 2.03 121.6 8.20 1,364 440.0 6.37 382.3 0.15 25
145.0 2.10 126.0 7.36 1,225 445.0 6.44 386.6 0.15 25
150.0 217 130.3 6.78 1,128 450.0 6.52 391.0 0.13 22
155.0 224 . 1347 6.20 . 1,032 455.0 6.59 395.3 0.12 20
160.0 2.32 139.0 5.83 970 460.0 6.66 399.7 0.12 20
165.0 2.39 1434 547 910 465.0 6.73 404.0 0.1 18
170.0 246 147.7 5.15 857. 470.0 6.81 408.3 -
175.0 2.53 152.0 4.84 805] - 475.0 6.88 412.7
180.0 2.61 156.4 4.57 760 480.0 6.95 417.0
185.0 2.68 160.7 4.31 717 485.0 7.02 421.4
190.0 2.75 165.1 4.10 682 490.0 - 7.10 | 425.7
195.0 2.82 169.4 3.87 644 495.0 717 430.1
200.0 2.90 1738 °~ -3.68 612 500.0 7.24 434.4
2050 - 2.97 .178.1 3.47 577 505.0 - 7.31 438.8
-210.0 3.04 182.5 . 3.28 546 5100. = 7.38 443.1
215.0 3.1 '186.8 3.10 516 515.0 7.46 447.4
12200 3.19 1911 283 488 620.0 7.53 4518 -
225.0 3.26 195.5 2.75 458 |- 56250 7.60 456.1
230.0 -3.33 199.8 2.63 438 530.0 . 7.67 - 460.5
-235.0 3.40 204.2 247 411 635.0 . 7.75 464.8
240.0 -+ 3.48 208.5 2.33 388 540.0 7.82 469.2
2450 3.55 © 2129 222 369 5450 . .7.89 473.5
250.0 . 3.62 217.2 210 349 . 58500 -.- 7.96 - 4779
-2565.0 3.69 221.5° 1.99 331) . 555.0 . 8.04 482.2
260.0 3.76 225.9 1.88 - 313 560.0 - 81 486.5
265.0 3.84 230.2 1.78 - 296 565.0 8.18 490.9
2700 3.9 234.6 1.68 280 570.0 8.25 495.2
275.0 3.98 238.9 1.59 265 - 575.0 8.33 499.6
280.0 - 4.05 243.3 1.50 . 250 680.0 8.40 503.9
285.0 4.13 247.6 . 1.43 238 585.0 8.47 .508.3
290.0 - 4,20 262.0 1.36 226 590.0 8.54 512.6
2950 4.27 256.3 1.28 213 595.0 8.62 516.9
300.0 4.34 260.6 1.21 201 600.0 8.69 5213

' ) NOTES : Use for models including Basin 2 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH .

Basin 3-10, 25,_100, 200 Propdsed Conditions

18-May-06

Drainage Area = 3.47 sq. miles -Lg+D/2¥ 1.59 Hours
Basin Slope = 57.1 ft./mile Basin Factor = 1.15
L= 4,73 mi., Length of Watercourse V= 93.31 cfs/Day
Lca= 1.83 mi., Distance to Centroid Qs = 58.6 *q,cfs
Kn= 0.054 -, Ave. Weighted Manning's n
PARAMETERS: )
Calculated: Lag Time, Lg = 1.47 Hours Unit Duration, D = 16.02 minutes
' . Calculated Timestep = 4.78 minutes
Dafa tb be used Unit Duration, D = 15 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis  Selected Timestep = . 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

1,800 — -
1,600
1,400
1,200
£ 50
8
E
5 60
[=]
‘ 600
Y 400
200
0 - - :
. 0.00 200 ’ 400 : 6.00 8.00 10.00 12.00
) TIME, (Hours) ' '
Ul Record - Unit Graph ’ ' 5 minute interval S
ut 11 20 30 48 . 79 119 . 174 - 254 392 606
ul - 854 1096 1322 - 1546 -~ 1672 = 1657 1566 1438 © 1281 1120
Ul 947 830 733 640 577 520 . 468 421 © 386 355
ul 332 311 T 292 275 + 258 244 © 231 218 206 194
Ul 183 172 161 . 154 144 136 129 122 115 108
Ul 102 96 91 86 .82 777 - 72 . 69 64 61
Ul 57 - 54 51 48 46 . 43 40 38 36 34
Ul 32 30 29 .27 26 24 23 - - 227 20 20
ul 18 17 16 15 - 14 13 “13 12 12 11
Ul 10 10 9 9 8 -7 7 7 3
- Ul
ul
U]}




ul

V)]
ul
\ ) Ul
ut
ul
ul
ul .
' USBR calculated unitgraph peak = 1693 Interpolated Peak = 1672
Timet, % - Qs [Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.08 4.8 0.19 11 305.0 - 4.86 291.6 0.66 39
10.0 0.16 9.6 0.32 19 310.0 4.94 296.4 - 0.63 37
15.0 0.24 14.3 0.48 28 315.0 5.02 301.1 - 0.59 35
20.0 0.32 19.1 0.74 43 320.0 5.10 305.9 0.56 33
25.0 0.40 239 1.21 71 325.0 5.18 310.7 0.53 31
30.0 0.48 287 1.81 106 330.0 . 5.26 3156.5 0.50 29
-~ 35.0 0.56 335 2.63 154 335.0 . 5.34 320.3 0.47 28
40.0 0.64 38.2 3.68 216 340.0 542 325.0 0.45 26
45.0 0.72 430 547 - 320 345.0 5.50 329.8 0.42 25
50.0 0.80 47.8 - 8.41 492 350.0 5.58 334.6 0.40 23
© .55.0 0.88 526 12.61 738 355.0 5.66 339.4 0.38 22
60.0 0.96 57.4 16.50 966 360.0 5.74 344.2 0.36 21
65.0 1.04 62.1 20.50 1,200 365.0 5.82 348.9 0.34 20
70.0 1.12 - 66.9 23.97 1,404 370.0 5.90 353.7 0.33 19
75.0 1.20 717 27.75 1,625 375.0 5.98 358.5 0.30 18.
© 80.0 1.27 76.5 28.91 1,693 -380.0 6.05 363.3 0.28 16
85.0 1.35 81.3 28.07 1,644 385.0 6.13 368.1 0.27 16
90.0 1.43 86.0 26.38 1,645 390.0 6.21 372.8 0.26 15
95.0 1.51 90.8 24.18 1,416 395.0 6.29 377.6 0.24 14
100.0 . 1.59 95.6 21.55 1,262 400.0 6.37 3824 0.23 13
105.0 1.67 100.4 18.92 1,108 405.0 6.45 387.2 0.22 13
110.0 1.75 105.2 16.08 942 410.0 6.53 392.0 0.21 12
115.0 1.83 109.9 14.19 831 415.0 6.61 396.7 0.20 12
120.0 1.91 114.7 12.61 738 420.0 6.69 401.5 0.19 1
125.0 1.99 1195 11.04 647 425.0 6.77 406.3 0.18 "
1300 . 2.07 124.3 9.99 585 430.0 6.85 411.1 0.17 10
135.0 .2.15. 129.1 9.04 529 . 435.0 6.93 415.9 0.16 9
140.0 2.23 133.8 8.20 480 440.0 7.01 420.6 0.15 9
145.0 2.31 138.6 7.36 431 445.0 7.09 4254 Q.15 9
150.0 2.39 - 143.4 6.78 397 450.0 7.17. 430.2 0.13 8
- 155.0 2.47 148.2 6.20 363 455.0 . 7.25 435.0 0.12 7
160.0 2.55 153.0 5.83 341 460.0 7.33 439.8 0.12 7
165.0 2.63 157.7 547 320 465.0 7.41 4445 0.1 6
170.0 2.71 162.5 5.156 302 470.0 7.49 449.3
175.0 2.79 167.3 4.84 283 475.0 7.57 454.1
180.0 2.87 172.1 4.57. 268 480.0 7.65 458.9
185.0 .2.95 176.9 4.31 252 485.0 7.73 463.7
190.0 - 3.03 181.6 410 240 490.0 - 7.81 468.5
195.0 3.1 186.4 3.87 227 495.0 7.89 473.2
200.0 3.19 191.2 3.68 216 500.0 7.97 478.0
205.0 3.27 196.0 3.47 203 505.0 8.05 482.8
© 2100 3.35 200.8 3.28 . 192 510.0 8.13 4876 .
215.0 -3.43 205.5 3.10 182 515.0 | 8.21 4924
220.0 3.51 210.3 2.93 172 520.0 . 8.29 " 4971
225.0 3.59 215.1 2.75 161 §25.0 - 8.37 -501.9
230.0 - 3.66 219.9 2.63 154 530.0 8.44 506.7
235.0 3.74 224.7 247 145 535.0 - 8.52 511.5-
240.0 3.82 ~229.4 233 ©136. 540.0 8.60 516.3
245.0 3.90 234.2 2.22 130 §45.0 8.68 521.0
250.0 3.98 239.0 2.10 123 |- .550.0  B76 - 5258
255.0 4.06 243.8 1.99 117 555.0 884 ._ 5306
260.0 4.14 2486 1.88 110 560.0 892. - 5354
© 265.0 4.22 253.3 1.78 . 104 5665.0 .9.00 -540.2
270.0 4,30 - 2581 1.68 98 - §70.0 9.08 5449
275.0 4,38 262.9 1.59 93 575.0 916 549.7
280.0 . 4.46 267.7 1.50 88 580.0 9.24 - 554.5
285.0 454 272.5 1.43 84 685.0 9.32 559.3
290.0 462 = 2712 1.36 80 §90.0 9.40 564.1
295.0 4.70 282.0 1.28 75 §95.0 948 568.8
300.0 4.78 286.8 1.21 71 600.0 9.56 573.6

-

NOTES : Use for models including Basin 3 for the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH

Basin 3-PMP Proposed Conditions

Drainage Area =

LgtD/2 =
Basin Factor =

4.73 mi., Length of Watercourse

1.83 mi., Distance to Centroid
'0.042 -, Ave. Weighted Manning's n

3.47 sq. miles
Basin Slope = 57.1 ft./mile
! L=
' Lea=
Kn =
PARAMETERS:
Calculated:

Lag Time, Lg =

1.14 Hours

V=
Qs=

Unit Duration, D =
". Calculated Timestep =

18-May-06

1.23 Hours

1.16

93.31 cfs/Day
76.1 *q,cfs

12.46 minutes
.3.68 minutes

Data to be used Unit Duration, D =

10 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

vl

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60
Unit inflow Hydrograph T
| Synthetic USBR COLORADO PLATEAU
2,500 - — - -
2,000

g 1,500

]

['4

£

(ﬂ)

O 1,000

500
o _
0.00 - 1.00 2,00 3.00 400 .. 5.00 600 7.00 8.00
, TIME, (Hours) ‘ : :
ul Record-Uhit Graph ~§ minute intérval ‘

Ul 18 33 59 . 12 188 - 302 _533 922 1330 1720
8] 2102 2181 2050 1833 1561 = 1276 1066 903 773 - 675 .
u 588 520 464 426 392 361 334 311 288 267 -
Ul 248 229 21 197 182 - 169 _/ 157 . 146 . 135 125 -
Ul 116 108 101 a3 86 .80 74" 68 64 59
Ul 55 51 48 - 44 41 ' 38 35 32 30 28
ul - 26 24 22 21 19 - 18 17 16 15 14°
ul 13 1" 1 9 9 -5 ’
Ul . )
ul
4]
Ul
Ul




ul
Ul
t‘ ) ul
ul
ui
ul
UI . .
. USBR calculated unitgraph peak = 2201 Interpolated Peak = 2181
Timet, % Qs |Timet, % -
of Lg+D/2 Hours Min. q - cfs |of Lg+D/2 Hours Min. q
5.0 0.06 37 0.19 14 305.0 3.74 2242 .0.66
10.0 0.12 7.4 0.32 24 310.0 3.80 227.9 0.63
15.0 0.18 11.0 0.48 37 315.0 3.86 2316 0.59
20.0 0.25 14.7 - 0.74 56 320.0 - 3.92 2353 0.56
25.0 0.31 © 18.4 1.21 92 325.0 3.98 239.0 0.53
30.0 - 0.37 221 1.81 138 330.0 4,04 242.6 0.50
35.0 0.43 25.7 2.63 200 335.0 4.11 246.3 047
40.0 049 - 294 3.68 280 340.0 4.17 250.0 0.45
‘45.0 0.55 33.1 5.47 417 345.0 4.23 253.7 0.42
50.0 0.61 36.8 8.41 640 350.0 4.29 257.3 0.40
55.0 0.67 404 12.61 960 355.0 4.35 261.0 0.38
60.0 0.74 441 16.50 1,256 360.0 4.41 264.7 0.36
65.0 - 0.80 47.8 . 20.50 1,561 365.0 4.47 268.4 0.34
70.0 0.86 51.5 23.97 1,825 370.0 4.53 272.0 0.33
75.0 . 0.92 55.1 27.75 2,113 375.0 ‘4.60 275.7 0.30
80.0 0.98 . . 58.8 28.91 2,201 380.0 4.66 279.4 0.28
85.0 1.04 . 62.5 28.07 . 2,137 385.0 4.72 283.1 027
90.0 1.10 - 66.2 26.38 -2,009 390.0 4.78 1 286.7 0.26
95.0 1.16 69.8 24.18 1,841 395.0 4.84 290.4 0.24
100.0 1.23 73.5 21.55 1,641 400.0 4.90 294.1 0.23
105.0 1.29 - 77.2 18.92 1,441 405.0 4.96 297.8 0.22
1100 . 1.35 80.9 16.08 1,224 410.0 5.02 3014 0.21
. 116.0 1.41 84.6 14.19 1,081 415.0 5.09 305.1 0.20
1200 1.47 88.2 12.61 960 420.0 5.15 308.8 . 019
125.0 1.53 91.9 11.04 841 425.0 5.21 312.5 “0.18
130.0 1.59 95.6 9.99 761 430.0 5.27 316.2 0.17
135.0 1.65 99.3 - 9.04 688 435.0 5.33 319.8 0.16
1400 - 172 102.9 8.20 . 624 440.0 5.39 3235 0.15
145.0° 1.78 106.6 7.36 560 445.0 545 327.2 0.15
150.0 - 1.84 1103 6.78 . 516 450.0 5.51 330.9 0.13
155.0 1.90 114.0 6.20 472 455.0 5.58 334.5 0.12
" 160.0 1.96 117.6 5.83 444 460.0 564 338.2 0.12
165.0 2.02 121.3 5.47 417 465.0 5.70 341.9 0.11
170.0 2.08 . 125.0 5.15 392 470.0 5.76 345.6 .
175.0 2.14 128.7 . 4,84 369 475.0 5.82 - 349.2
180.0 2.21 132.3 4.57 348 480.0 5.88 352.9
185.0 2.27 136.0 4.31 328 485.0 5.94 356.6
190.0 2.33 139.7 4.10 312 490.0 - 6.00 360.3
195.0 2.39 1434 3.87 295] - 4950 6.07 363.9
200.0 2.45 147.0 3.68 280 500.0 6.13 367.6
205.0 251 - 1507 3.47 264 505.0 6.19 371.3
210.0 . 2.57 154.4 - 3.28 250 510.0 6.25 375.0
215.0 2.63 158.1 3.10 236 515.0 6.31 . 378.6
220.0 2.70" . 161.8 2.93 223 - 520.0 . 6.37 382.3
225.0 2,76 . 165.4 2.75 209 525.0 6.43 386.0
230.0 2.82 . 169.1 2.63 - 200 630.0 6.49 389.7
2350 °  2.88 172.8 247 188 535.0 - 6.56 3934
240.0 2.94 176.5 2.33 177 540.0 6.62 397.0
2450 3.00 - 180.1 2.22 169 545.0 6.68 400.7
250.0 3.06 183.8 2.10 160 - 550.0 6.74 404.4
255.0 3.12 187.5 1.99 162 © 555.0 - 6.80 408.1
260.0 319 - 191.2 1.88 143 560.0 - 6.86 411.7
2650 325 194.8 1.78° 136 '665.0 . 6.92 . 4154
270.0 3.31 . 198.5 1.68 128 .570.0 '6.98 419.1 -
275.0 3.37 202.2 1.59 121 5§75.0 . 7.05 -422.8
280.0 3.43 . 205.9 1.50 114 | . 580.0 AN 426.4
285.0 3.49 . 209.5. -1.43 109 565850. . 717 430.1
290.0 3.55 213.2 ©1.36 104 ] 690.0 ~ 723 4338
295.0 361 216.9 1.28 97 595.0 7.29 4375
300.0 3.68 220.6 1.21 92 600.0 . 7.35 4411

{ ) NOTES: Use for models including Basin 3 for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Basin A-10, 25, 100,200 Proposed Conditions

Drainage Area =

0.3456 sq. miles

Lg+D/2 =

Basin Slope = 501 ft./mile Basin Factor =
L= 1.55 mi., Length of Watercourse V'=
lca= 0.68 mi., Distance to Centroid Qs =
Kn= 0.054 -, Ave. Weighted Manning's n
.PARAMETERS:
Calculated: Lag Time, Lg = 0.51 Hours Unit Duration, D =

Calculated Timestep =

18-May-06

0.55 Hours
0.05

9.29 cfs/Day
16.8 *q,cfs

5.59 minutes
1.66 minutes

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

ul

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU ™
600
500
400
g
§ 300
S
3
o
200
100
0 - -
000 . 0.50 1.00 150 . . 200 2.50 3.00 3.50
TIME, (Hours)
Ul Record - Unit Graph 5 minute interval
ul 8 ‘ 31 93 -279 467 . 441 314 210 151 113
Ul 91 76 65 55 46 39 33 28 24 20
Ul 17 14 12 10 9 7 6 5 4 4
Ul 3 - 3 2 _2
Ul '
Ut
ul
ul )
ul
ul
Ul
Ul
Ul




‘ } NOTES : Use for models including Basin A for the 10, 25, 100 and 200 year events

Ul
A ]
k ,) ul
ui
Ul
ul
~Ul h )
USBR calculated unitgraph peak = 485 - Interpolated Peak = 467
Timet, % Qs |Timet, % - Qs
of Lg+D/2 Hours Min q cfs jof Lg+D/2 .Hours Min. q cfs
5.0 0.03 17 0.19 3 305.0 1.69 101.4 0.66 11
10.0 0.06 3.3 0.32 5 310.0 1.72 103.0 0.63 11
15.0 0.08 5.0 0.48 8 315.0 1.74 104.7 0.59 10
- 20.0 0.1 6.6 0.74 12 320.0 1.77 106.3 0.56 9
- 250 0.14 8.3 .21 20 325.0 1.80 . 108.0 0.53 9
30.0 0.17 10.0 1.81 30 330.0 1.83 109.7 0.50 8
35.0 0.19 1.6 2.63 44 335.0 1.86 1113 0.47 8
40.0 0.22 13.3 3.68 62 340.0 1.88 113.0 0.45 8
45.0 0.25 15.0 547 - 92 345.0 1.91 1146 0.42 7
50.0 0.28 16.6 8.41 141 350.0 1.94 116.3 0.40 7
55.0 0.30 183 - 12,61 212 355.0 1.97 118.0 0.38 6
60.0 - 0.33 19.9 16.50 277 360.0 - 1.99 119.6 0.36 6
65.0 0.36 21.6 -20.50 3441 - 365.0 2.02 1213 0.34 6
70.0 0.39 - 23.3 23.97 402 | ~ 370.0 2.05 123.0 0.33 6
75.0 0.42 249 27.75 466 375.0 2.08 124.6 0.30 5
80.0 0.44 26.6 28.91 485 380.0 2.10 126.3 0.28 5
85.0 047 28.2 28.07 471 385.0 213 127.9 0.27 5
90.0 - 0.50 299 26.38 443 390.0 2.16 129.6 0.26 4
95.0 0.53 31.6 24.18 406 395.0 2.19 1313 0.24 4
100.0 0.55 33.2 21.55 362 400.0 2.22 132.9 0.23 4
105.0 0.58 349 18.92 317 405.0 2.24 1346 0.22 4
110.0 0.61 36.6 16.08 270 © 410.0 2.27 136.2 0.21 4
115.0 0.64 38.2 14.19 238 415.0 2.30 137.9 0.20 3
120.0 0.66 39.9 12,61 212 420.0 2.33 139.6 0.19 3
125.0 0.69 415 11.04 185 425.0 - 235 141.2 0.18 3
130.0 0.72 43.2 9.99 168 430.0 2.38 1429 0.17 3
135.0 0.75 449 9.04 ' 152 435.0 241 144.6 0.16 3
140.0 0.78 . 46.5 8.20 138 440.0 244 146.2 0.15 3
1450 0.80 48.2 7.36 123 4450 246 147.9 0.15 3
150.0 0.83 498 . 6.78 114 450.0 2.49 1495 0.13 - 2
155.0 0.86 51.5 6.20 - 104 . 455.0 2.52 151.2 0.12 2
160.0 0.89 53.2 5.83 98 460.0 2.55 1529 0.12 2
165.0 091 54.8 547 92 465.0 2.58 15645 0.11 2
170.0 0.94 56.5 5.15 86 470.0 2.60 156.2
175.0 0.97 58.2 4.84 81 475.0 2.63 157.8
180.0 1.00 59.8 4.57 77 480.0 2.66 159.5
185.0 1.02 61.5 4.31 72 485.0 2.69 161.2
190.0 1.05 63.1 4.10 69 490.0 2.71 162.8
*195.0 1.08 64.8 3.87 65 495.0 2.74 164.5
200.0 1.11 66.5 3.68 62| 500.0 - 2.77 166.2
205.0 114 =~ - 6841 347 58 |. 505.0 ~ 2.80 167.8
210.0 116 69.8 3.28 55 510.0 2.82 169.5
215.0 1.19 714 - 310 52 - 515.0 2.85 . 1711
220.0 . 1.22 © 731 . 2.93 49 520.0 2.88 1728
2250 1.25 748 . 2,75 46 - 525.0 2.91 174.5
230.0 " 1.27 76.4 2.63 44 530.0 2.94 176.1
235.0 1.30 78.1 2.47 .41 5635.0 2.96 177.8
240.0 1.33 79.8 2.33 39 .540.0 2.99 179.4
245.0 1.36 814 2,22 37 545.0. 3.02 181.1
2500 - 1.38 83.1 2.10 35 550.0 3.05 182.8
255.0 1.41 84.7 1.99 33 © 5585.0 - 3.07 184.4
. 260.0 1.44 86.4 1.88 32 5660.0 3.10 186.1
265.0 1.47 88.1 1.78 30 §65.0 - 3.13 . 187.8
270.0 1.50 . 89.7 1.68 28 570.0 3.16 189.4
275.0 - 1.52 914 1.59 - 27 575.0 3.18 191.1
280.0 1.55 . 93.0 1.50 25 680.0 3.21 1927
2850 1.58 94.7 - 143 24 585.0 3.24 194.4
290.0 1.61 96.4 1.36 23 590.0 3.27 196.1
295.0 1.63 98.0 1.28 21 595.0 3.30 -197.7
300.0 1.66 99. 1.21 20 600.0 3.32 199.4




COLORADO PLATEAU UNIT HYDROGRAPH

Basin A-PMP Proposed Conditions

Drainage Area = 0.3456 sq. miles Lg+D/2 =
Basin Slope = 501 ft./mile Basin Factor =
L= 1.55 mi., Length of Watercourse V'=
. Lea= 0.68 mi., Distance to Centroid Qs =
Kn= 0.042 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time, Lg = 0.40 Hours Unit Duration, D =

Calculated Timestep =

0.44 Hours
0.05

9.29 cfs/Day
211 *q,cfs

4.35 minutes
1.32 minutes

18-May-06

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Ul

Unit Inflow Hydrograph _
Synthetic USBR COLORADO PLATEAU
700 ot I
. 600
500
- E w0
woo
2
S
& 300
[=]
200
100
()} —— -
0.00 . 050 . . 1.00 . ' 150 2.00 2.50 3.00 |
. ) h A TIME, (Hours) " . '
Ul Record - Unit Graph : ' 5 minute interval
Ul 14 68 © 296 590 514 - o ' 311' 201 . 140 108 87
Ul 71 57 46 . 38 30 25 - 20 16 .13 11
Ul 9 i 7 6 ' 5 - o4 3 2
ul ' .
Ul
U]
Ul L.
Ul
Ul
ul .
Ul
Ul
Ul




o/

ul
ut.
ul
Ul
V)] -
ul
ul
USBR calculated unitgraph peak = 611 Interpolated Peak = 590
Time t, % Qs |Time t, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.02 1.3 0.19 4 305.0 1.34 80.5 0.66 14
10.0 0.04 2.6 0.32 7 310.0 1.36 81.8 0.63 13
16.0 0.07 4.0 0.48 10 315.0 1.39 83.2 - 0.59 12
20.0 0.09 5.3 0.74 16 320.0 1.41 84.5 - 0.56 12
25.0 - 0.11 6.6 1.21 26 325.0 1.43 85.8 0.53 1"
30.0 0.13 7.9 1.81 38 ). 330.0 1.45 87.1 0.50 1
35.0 0.15 9.2 - 2,63 56 335.0 1.47 88.4 0.47 10
40.0 0.18 10.6 3.68 78 340.0 1.50 89.8 0.45 10
45.0 0.20 119 547 116 -345.0 1.52 91.1 0.42 9
50.0 - 0.22 132 - - 841 178 350.0 1.54 92.4 0.40 8
565.0 0.24 14.5 12.61 266 355.0 1.56 93.7 0.38 8
60.0 0.26 15.8 16.50 348 360.0 1.58 95.0 0.36 8
65.0 0.29 $17.2 20.50 433 365.0 1.61 96.4 0.34 7
70.0 0.31 18.5 23.97 506 370.0 1.63 97.7 0.33 7
75.0 0.33 - 198 27.75 586 375.0 1.65 99.0 0.30 6
80.0 0.35 21.1 28.91 611 380.0 - 1.67 100.3 0.28 6 .
85.0 0.37 22.4 28.07 593 385.0 1.69 101.6 0.27 6
90.0 0.40 238 26.38 557 390.0 1.72 103.0 0.26 5
95.0 0.42 25.1 24.18 511 395.0 1.74 . 104.3 0.24 5
100.0 0.44 26.4 21.55 455 400.0 1.76 105.6 0.23 5
105.0 046 . 27.7 18.92 400 405.0 1.78 106.9 0.22 5
- 1100 0.48 29.0 16.08 340 410.0 1.80 °  108.2 0.21 4
115.0 0.51 304 14.19 300 .415.0 1.83 109.6 0.20 4
120.0 0.53 31.7 12.61 266 420.0 1.85 110.9 0.19 4
125.0 0.55 33.0 11.04 233 425.0 1.87 112.2 0.18 4
130.0 0.57 " 343 9.99 211 430.0 1.89 1135 . 0.7 4
135.0 0.59 35.6 9.04 191 435.0 1.91 114.8 0.16 3
140.0 0.62 37.0 8.20 173 440.0 1.94 116.2 0.15 3
145.0 0.64 - 383 7.36 155 445.0 1.96 117.5 0.15 3
150.0 - 0.66 39.6 6.78 143 450.0 1.98 118.8 0.13 3
155.0 0.68 409 6.20 131 455.0 2.00 120.1 0.12 3
160.0 0.70 422 5.83 123 460.0 2.02 1215 0.12 3
165.0 0.73 436 - 547 116 465.0 2.05 122.8 0.1 2
170.0 0.75 449 5.15 109 - 470.0 - 2.07 124.1
175.0 0.77 46.2 4.84 102 475.0 2.09 125.4
180.0 0.79 47.5 4.57 97 480.0 2.1 126.7
185.0 0.81 48.8 4.31 91 485.0 213 128.1
190.0 0.84 . 60.2 - 4.10 - 87 490.0 2.16 129.4
195.0 0.86 51.5 3.87 82 495.0 . 2.18 130.7
200.0 0.88 52.8 --3.68 | 78 500.0 2.20 132.0
205.0 - 0.90 54.1 3.47 - - 73 . 505.0 222 1333
210.0 0.92 55.4 3.28 . 69 510.0 2.24 134.7
- 215.0 0.95 56.8 - 3.10 v 65 515.0 2.27 136.0
- 220.0 - 097 58.1 . 2.93 62 5620.0 2.29 137.3
- 225.0 0.99 59.4 - 2.75 68 525.0 2.31 138.6
230.0 - 1.01 60.7 2.63 56 530.0 233 - 1399
235.0 1.03 62.0 247 52 © 535.0 2.35 141.3
-240.0 1.06 63.4 2.33 49 540.0 2.38 142.6
245.0 1.08 64.7 222 47 -545.0 2.40 143.9
250.0 1.10 66.0 2.10 44 550.0 2.42 "145.2
255.0 1.12 67.3 1.99 42 555.0 2.44 - 146.5
260.0 1.14 68.6 1.88 40 560.0 -2.46 - 1479
265.0 C 1.7 70.0 1.78 38 565.0 - 1249 149.2
270.0 119 - 713 1.68 - 35{ - 5700 251 150.5
275.0 1.21 72.6 1.59° 34) - 5750 ©2.53 1518
280.0 1.23 - 73.9 -1.50 . 32 580.0 . 2.65 1531
285.0 1.25 75.2 143 30 - §685.0 2.57 154.5
290.0 1.28 76.6 1.36 29 590.0 2.60 155.8
295.0 1.30 77.9 128 27. 595.0 2.62 167.1
300.0 1.32 79.2 1.21 - 26 600.0 2.64 158.4

NOTES : Use for models including Basin A for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH

Basin B-10, 25, 100, 200 Proposed Conditions

Drainage Area = 0.5218 sq. miles Lg+D/2 =
Basin Slope = 666 ft./mile Basin Factor =
' L= 1.38 mi., Length of Watercourse V=
Lca= 0.86 mi., Distance to Centroid : Qs =
Kn = 0.054 -, Ave. Weighted Manning's n
PARAMETERS: .
Calculated: Lag Time, Lg = 0.51 Hours Unit Duration, D =

Calculated Timestep =

0.55 Hours
0.05
14.03 cfs/Day
25.5 *q,cfs

5.54 minutes
1.65 minutes’

18-May-06

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

§ minutes, round down to nearest of 5', 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60 '

Unit Inflow Hydrograph

Synthetic USBR COLORADO PLATEAU
"

pr s

800

700

€00

g

DISCHARGE, (cfs)
I
8

300

200

100

.

0.00 . 050 . 1.00 . 1.50 2.00 250 3.00 3.50

TIME, (Hours)
Ul Record - Unit Graph 5 minute interval

ul 12 47 147 434 713 663 467 312 225 168
ul 137 14. o7 82 69 . 58 49 42 35 30
ul 25 21 18 15 - 13 . 11 9 8 7 6
ul 5 .4 3 3 - 5
ul : S
ul
ul
ul
ul
ul
ul
Ul
ul




‘ ) NOTES Use for models including Basin B for the 10, 25, 100 and 200 year events

198.0

Ul
ul
k } ul
ut
- Ul
ul
8] .
USBR calculated unitgraph peak = 738 Interpolated Peak = 713
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 . 0.03 1.6 0.19 5 305.0 1.68 100.6 0.66 17
10.0 0.05 3.3 0.32 8 310.0 1.70 102.3 0.63 16
15.0 0.08 4.9 0.48 12 315.0 173 103.9 0.59 15
20.0 0.11 6.6 0.74 19 320.0 1.76 105.6 0.56 14
25.0 0.14 8.2 1.21 31 325.0 1.79 107.2 0.53 14
- 30.0 0.16 9.9 1.81 46 330.0 1.81 108.9 0.50 13
35.0 0.19 115 2.63 67 335.0 1.84 110.5 0.47 12
40.0 0.22 13.2 3.68 94 340.0 1.87 112.2 0.45 1
45.0 0.25 14.8 5.47 140 345.0 1.90 113.8 0.42 11
50.0 0.27 16.5 8.41 215 350.0 1.92 116.5 0.40 10
55.0 0.30 1841 12.61 322 355.0 1.95 1174 0.38 10
60.0 0.33 198 16.50 421 360.0 1.98 1188 '0.36 9
65.0 0.36 214 20.50 523 365.0 2.01 1204 0.34 9
70.0 0.38 23.1 23.97 612 370.0 2.03 122.1 0.33 8
75.0 0.41 24.7 27.75 708 375.0 2.06 123.7 0.30 8
80.0 0.44 26.4 28.91 738 380.0 . 2.09 125.4 0.28 7
85.0 0.47 28.0 28.07 716 385.0 2.12 127.0 0.27 7
-90.0 0.49 29.7 26.38 673 390.0 .2.14 128.7 0.26 7
95.0 0.52 313 24.18 617 395.0 217 1303 0.24 6
100.0 0.55 33.0 21.55 550 400.0 2.20 132.0 0.23 6
105.0 0.58 34.6 18.92 483 405.0 2.23 133.6 0.22 6
110.0 0.60 36.3 16.08 410 410.0 2.25 135.3 0.21 5
115.0 0.63 37.9- 14.19 362 4150 2.28 136.9 0.20 5
120.0 0.66 39.6 12.61 322 420.0 2.31 138.6 0.19 5
k / 125.0 0.69 41.2 11.04 282 425.0 2.34 140.2 . 0.18 5
130.0 0.71 429 9.99 255 430.0 2.36 141.9 0.7 4
135.0 0.74 445 9.04 - 231 435.0 2.39 143.5 0.16 4
140.0 0.77 46.2 8.20° 209 440.0 242 145.2 . 0.15 4
145.0 0.80 47.8 7.36 188 445.0 2.45 146.8 0.15 4
150.0 0.82 495 6.78 173 450.0 2.47 148.5 0.13 3
155.0 0.85 51.1 6.20 158 455.0 2.50 150.1 -0.12 3
160.0 0.88 52.8 5.83 149 460.0 2.53 151.8 0.12 3
165.0 0.91 54.4 547 140 465.0 2.56 163.4 0.11 3
170.0 0.93 56.1 5.15 131 470.0 2.58 155.1
175.0 0.96 57.7 4.84 124 © 475.0 2.61 156.7
180.0 0.99 59.4 457 117 480.0 2.64 158.4
185.0 1.02 61.0 4.31 110 485.0 2.67 160.0
190.0 1.04 62.7 4.10 105 490.0 2.69 161.7
195.0 1.07 64.3 .3.87 - 99 495.0 2.72 163.3
200.0 1.10 66.0 3.68 94 500.0 2.75 165.0
205.0 1.13 67.6 - 3.47 89 505.0 2.78 166.6
210.0 1.15 69.3 3.28 84 510.0 2.80 168.3
215.0 1.18 70.9° "3.10 79 515.0 2.83 169.9
220.0 1.21 726 - 2.93 75 520.0 2.86 171.6
225.0 1.24 74.2 2.75 70 525.0 -2.89 173.2
230.0 1.26 75.9 2.63 67 530.0 291 174.9
235.0 1.29 7.5 247 63 535.0 294 176.5
2400 - 1.32 79.2 2.33 59 540.0 297 178.2
245.0 1.35 80.8 2.22 57 545.0 3.00 179.8
250.0 1.37 82.5 210 54 550.0 302 - 1815
255.0 1.40 841 1.99 51 555.0 3.05 183.1.
260.0 1.43 85.8 1.88 48 560.0 3.08 184.8
265.0 1.46 87.4 1.78 45 565.0 3.1 186.4
2700 1.48 89.1 1.68 43 570.0 3.13 188.1
275.0 1.51 90.7 1.59 41 575.0 3.16 189.7
280.0 1.54 92.4 1.50 38 580.0 3.19 1914
285.0 1.57 94.0 1.43 36 585.0 3.22 193.0
290.0 1.59 95.7 1.36 35 590.0 3.24 194.7
295.0 1.62 97.3 . 1.28 33 595.0 3.27 196.3
300.0 1.65 99.0 1.21 31 . 600.0 3.30




COLORADO PLATEAU UNIT HYDROGRAPH

Basin B-PMP Proposed Conditions

Drainage Area = 0.5218 sq. miles Lg+D/2 = 0.44 Hours
Basin Slope = 666 ft./mile Basin Factor = 0.05
L= 1.38 mi., Length of Watercourse V= 14.03 cfs/Day
Leca= 0.86 mi., Distance to Centroid Qs = 32.1 *q,cfs
Kn= 0.042 -, Ave. Weighted Manning's n
PARAMETERS: ' :
Calculated: Lag Time, Lg = 0.40 Hours Unit Duration, D = 4.31 minutes
: Calculated Timestep = 1.31 minutes

18-May-06

Data to be used Unit Duration, D =

in Analysis - Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

5 minutes, integer value evenly divisible into 60

ul

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
1,000 .
900
800
700
g 600
ui
e 500
3
2
0 400
300
200
100
o.
0.00 0.50 1.00 . ) ©1.50 L 2.00 2.50 3.00
TIME, (Hours)
ul Reéqrd - Unit Graph 5 minute interval
Ul 22 106 ' 460 901 - 770 . 463 299 208 162 131
Ul 106 85 69 56 : 45 .37 30 24 20 - 16
ul 13 . 11 8 7 ’ 6 5 - 4 ’
Ul : _
ut .
Ul
Ut
Ul
ut .
4]
ul
ul
Ul




o/

ui

4]
Ul
ur
Ut
ul
ul
ul )
USBR calculated unitgraph peak = 928 Interpolated Peak = 901
Timet, % : Qs [Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.02 1.3 0.19 6 305.0 - 1.33 80.0 0.66 21
10.0 0.04 26 0.32 10 3100 1.35 81.3 0.63 20
15.0 0.07 3.9 0.48 15 315.0 1.38 82.6 0.59 19
20.0 0.09 5.2 0.74 24 320.0 1.40 - 83.9 0.56 18
25.0 0.11 6.6 1.21 39 325.0 1.42 85.2 0.53 17
30.0 0.13 7.9 1.81 58 330.0 144 86.5 0.50 16
35.0 0.15 9.2 2.63 84 335.0 1.46 87.8 0.47 15
40.0 0.17 10.5 3.68 118 340.0 1.49 89.1 0.45 14
45.0 - 0.20 11.8 5.47 176 345.0 1.51 90.4 0.42 13
50.0 0.22 131 8.41 270 350.0 1.53 91.8 040 13
55.0 0.24 144 12.61 405 * 355.0 1.55 93.1 0.38 12
60.0 0.26 16.7 16.50 530 360.0 1.57 94.4 0.36 12
65.0 0.28 17.0 20.50 658 365.0 1.59 95.7 0.34 1
70.0 - 0.31 184 23.97 770 370.0 1.62 97.0 0.33 11
75.0 0.33 19.7 27.75 891 375.0 1.64 98.3 0.30 10
-~ 80.0 0.35 21.0 28.91 928 380.0 1.66 99.6 0.28 9
85.0 0.37 22.3 28.07 901 385.0 1.68 100.9 0.27 9
90.0 0.39 23.6 26.38 847 390.0 1.70 102.2 0.26 8
95.0 0.42 249 24.18 776 395.0 1.73 103.6 0.24 8
100.0 0.44 26.2 21.55 692 400.0 1.75 104.9 0.23 7
105.0 . 046 27.5 18.92 608 405.0 1.77 106.2 0.22 7
110.0 0.48 28.8 16.08 516 410.0 1.79 . 107.5 0.21 7
115.0 0.50 30.1. 14.19 456 415.0 1.81 108.8 0.20 6
120.0 0.52 31.5 12.61 405 420.0 1.84 110.1 0.19 6
125.0 0.55 32.8 11.04 355 425.0 1.86 1114 0.18 )
130.0 0.57 34.1 9.99 321 430.0 1.88 1127 0.17 5
135.0 0.59 354 9.04 290 © 4350 1.90 114.0 0.16 5
140.0 0.61 36.7 8.20 263 440.0 1.92 1154 0.15 5
145.0 0.63 - 38.0 7.36 236 445.0 1.94 116.7 0.15 5
150.0 0.66 39.3 6.78 218 450.0 1.97 118.0 0.13 4
155.0 0.68 40.6 6.20 199 455.0 1.99 119.3 0.12 4
160.0 0.70 41.9 5.83 187 460.0 2.01 120.6 0.12 4
165.0 0.72 43.3 5.47 176 465.0 2.03 121.9 0.1 4
170.0 0.74 44.6 5.15 165 470.0 2.05 123.2 .
175.0 0.76 45.9 4.84 155 475.0 2.08 - 124.5
180.0 0.79 47.2 4.57 147 480.0 2.10 125.8
185.0 0.81 - 48.5 4.31 138 485.0 2.12 127.1
190.0 0.83 49.8 4.10 132 490.0 ‘214 128.5
195.0 0.85 511 - 3.87 241 . 4950 2.16 129.8
200.0 - 0.87 524 3.68 118 500.0 2.18 1311
2050 0.90 53.7 3.47 .M 505.0 2.21 1324
210.0 0.92 65.1 3.28 105 510.0 2,23 133.7 .
215.0 0.94 © 56.4 3.10 100 515.0 2.25 135.0
220.0 0.96 . 57.7 . 2.93 94 520.0 - 2.27 136.3
- 225.0 0.98 59.0 275 - 88 525.0 - 2.29 137.6
230.0 1.00 60.3 2.63 84 530.0 232 . 138.9
235.0 1.03 616 - 247 79 535.0 2.34 140.3
240.0 1.05 - 62.9 - 2.33 75 |- 540.0- 2.36 141.6
2450 1.07 64.2 2.22 71 - 545.0 2.38" 1429.
250.0 1.09 65.5 2.10 . 67 650.0 2.40 1442
2550 1.1 66.9 .1.99 64 5§55.0 242 145.5
260.0 “1.14 68.2 1.88 60 560.0 245 . 146.8
265.0 1.16 69.5 1.78 57 565.0 247 148.1
270.0 1.18- 708~ 1.68 - 54 570.0 "249° 1494
2750 1.20 721 - 1.89 51 575.0 2.51 150.7
280.0 1.22 73.4 "1.50 48 680.0 2.53 152.1
285.0 1.25 74.7 © 1.43 46 585.0 2.56 . 1534
290.0 1.27 76.0 1.36 - 44 590.0 2.58 154.7
295.0 1.29 713 1.28 - 41 5§95.0 2.60 156.0
300.0 1.31 78.6 1.21 39 600.0 2.62 157.3

NOTES : Use for models including Basin B for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH 18-May-06

Basin for Culvert C7-10, 25, 100, 200 Proposed Conditions

Drainage Area = 0.4087 sq. miles Lg+D/2 = 0.51 Hours
Basin Slope = 501 ft./mile : Basin Factor = 0.04
L= 1.27 mi., Length of Watercourse V= 10.99 cfs/Day
Lca= 0.62 mi., Distance to Centroid Qs = 217 *q,cfs
Kn= 0.054 -, Ave. Weighted Manning's n

PARAMETERS: S -
Calculated: Lag Time, Lg = 0.47 Hours Unit Duration, D = 5.07 minutes
Calculated Timestep = 1.52 minutes

Data to be used Unit Duratidn., D= 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360

in Analysis. Selected Timestep = 5 minutes, integer value evenly divisible into 60
) Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
700 e — -
600
500
£ a0
ui
g
S
& 300
a
200
100
Y | : : |:
0.00 0.50 100 1.50 2.00 : 2.50 . 3.00 3.50
' TIME, (Hours)
Ul Record - Unit Graph "5 minute interval
Ul 12 49 174 456 .619 .483 307 210 152 120
ul 98 82 68 ) 57 47 39 33 27 23 19
Ul 16 13 11 ) 9 8 6 5 5 4 3
Ul 3
ul ’
ul
Ul
Ul
Ul
ul
Ul
ul
Ul

ul




u

o/

ul
Ul
ul
(V]
ul
]
ul . ’
USBR calculated unitgraph peak = 627 Interpolated Peak = 619
Time t, % Qs [Time t, % ) Qs
of Lg+D/2 Hours Min q “cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.5 0.19 4 305.0 1.55 92.8 0.66 14
10.0 0.05 3.0 0.32 7 310.0 . 1.57 94.3 0.63 14
15.0 0.08 4.6 0.48 10 315.0 -1.60 95.8 0.59 13
200 0.10 .6.1 0.74 16 320.0 1.62 97.3 0.56 12
25.0 0.13 7.6 1.21 . 26 325.0 " 1.65 98.8 0.53 1
30.0 0.15 9.1 1.81 39 330.0 1.67 100.4 0.50 1
35.0 0.18 10.6 2.63 57 335.0 1.70 101.9 " 047 10
40.0 0.20: 12.2 3.68 80 340.0 1.72 103.4 0.45 10
45.0 0.23 13.7 5.47 119 345.0 1.756 104.9 0.42 9
- 50.0 0.25 15.2 8.41 182 350.0 177 106.4 0.40 9
55.0 0.28 16.7 12.61 273 355.0 1.80 108.0 0.38 8
60.0 0.30. 18.2 16.50 358 360.0 1.82 109.5 0.36 8
65.0 0.33 19.8 20.50 444 365.0 1.85 111.0 0.34 7
70.0 0.35 21.3 23.97 520 370.0 1.88 1125 0.33 7
75.0 0.38 228 27.75 602 375.0 1.90 114.0 0.30 7
80.0 0.41 243 28.91 627 380.0 1.93 115.6 0.28 6
85.0 0.43 25.9 28.07 609 385.0 1.95 117.1 0.27 6
90.0 0.46 274 26.38 572 390.0 1.98 118.6 0.26 6
95.0 0.48 28.9 - 2418 524 395.0 2.00 120.1 0.24 5
100.0 0.51 304 21.55 467 ~ 400.0 2.03 121.6 - 0.23 5
105.0 0.53 31.9 18.92 410 405.0 2.05 123.2 0.22- 5
110.0 0.56 33.5 16.08 349 410.0 2.08 124.7 . 0.21 5
115.0 0.58 35.0 14.19 308 415.0 2.10 126.2 0.20 4
120.0 0.61 36.5 - 12.61 273 420.0 2.13 1277 0.19 4
125.0 0.63 38.0 11.04 239 425.0 2.15 129.3 "0.18 4
130.0 0.66 39.5 9.99 217 430.0 2.18 130.8 0.17 4
135.0 0.68 41.1 9.04 196 435.0 2.20 1323 . 0.16 3
140.0 0.71 42.6 8.20 178 440.0 223 133.8 0.15 3
145.0 - . 0.73 44.1 7.36 160 445.0 2.26 135.3 0.15 3
150.0 0.76 45.6 6.78 147 450.0 2.28 136.9 0.13 3
1565.0 0.79 471 6.20 134 455.0 2.31 1384 0.12 3
.160.0 0.81 48.7 5.83 126 460.0 233 1389 0.12 3
165.0 0.84 50.2 - 5.47 119 465.0 2.36 141.4 0.11 2
170.0 0.86 51.7 5.15 112 470.0 2.38 142.9
175.0 0.89 53.2 4.84 105 475.0 241 144.5
180.0 0.91 54.7 4.57 99 480.0 243 146.0
185.0 0.94 56.3 4.31 93 485.0 246 147.5
190.0 0.96 57.8 4.10 89 4900 ° 2.48 149.0
195.0 © 0.99 59.3 3.87 84 495.0 2.51 150.5
200.0 1.01 60.8 3.68 80 500.0 . 2.53 152.1
205.0 1.04 62.3 3.47 75 505.0 2.56 153.6
210.0 1.06 63.9 - 3.28 .71 5100 2.59 155.1
215.0 1.09 65.4 '3.10 67 515.0 261 156.6
220.0 1.12 66.9 2.93 . 64 520.0 264 1584
225.0 1.14 68.4 < 2.5 60 525.0 2.66 . 169.7
230.0 1.17 69.9 . 2.63 57 - §30.0 2.69 161.2
235.0 1.19 71.5 _ 247 54 535.0 2.71 162.7
240.0 1.22 73.0 . 233 . .5 540.0 274 164.2
245.0 1.24 74.5 2.22 48 545.0 2.76 165.7
250.0 1.27 76.0 2.10 46 - 550.0 2.79 167.3
255.0 1.29 77.6 +1.99 43 655.0 281 168.8 .
260.0 1.32 78.1 1.88 41 560.0 2.84 . 1703 . |
265.0 1.34 80.6 1.78 39 '665.0 286" 1718 .
270.0 1.37 82.1 1.68 36 570.0 2.89 173.3
275.0 - 1.39 83.6 1.59 34 575.0 291 . 174.9
280.0 . 142 - -85.2 1.50 33 580.0 . 294 . 1764
2850 - 144 "86.7 1.43 " 31 685.0 297 1779
290.0 1.47 - 88.2 1.36 29 590.0 2.99 179.4
295.0 1.50 89.7 1.28 281 - 595.0 3.02 - 181.0
300.0 1.52 91.2 1.21 26 600.0 3.04 182.5

NOTES: Use for models including the Culvert C7 Basin for the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH . - 18-May-06

Basin D-10, 25, 100, 200 Proposed Conditions

Drainage Area = 0.3827 sq. miles ' Lg+D/2 = 0.71 Hours
Basin Slope = 62.23 ft./mile . Basin Factor = 0.1
L= 1.25 mi., Length of Watercourse V= 10.29 cfs/Day
lLca= . 0.68 mi., Distance to Centroid Qs = 144 *q,cfs
Kn = 0.054 -, Ave. Weighted Manning's n ‘
" PARAMETERS:
Calculated: Lag Time, Lg = 0.67 Hours Unit Duration, D = 7.34 minutes
- Calculated Timestep = 2.14 minutes
Data to be used Unit Duration, D = & minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
450 - — T
400
350
300
£ s
7]
<
§ 200
<)
150
100
50
o - R
0.00 0.50 100 150 200 - 7 .250 ° 300 350 - 400 450 = 500
’ TIME, (Hours) )
U! Record - Unit Graph S 5 minute interval
ul 5 15 38 93 218 345 o412 359 - 273 197
ul 149 118 - 95 81 . 70 61 . 54 47 . 41 36
ul 32, 28 - 25 22 19 17 15 13 11 10
ul 9 8 7 6 .. 5 5 4 4 3 3
ul 3. 2 2 2 ' :
ul
ul .
ul
ul
ul
ul
ul
ul




Ul

\ J NOTES : Use for models including Basin D for the 10, 25, 100 and 200 year events

ul
]
Ul
ul
ul
4] i
ul . ' : :
USBR calculated unitgraph peak = 416 Interpolated Peak = 412
Timet, % Qs [Time t, % Qs
of Lg+D/2 Hours Min q cfs jof Lg+D/2 Hours Min. q cfs
5.0 0.04 21 . 0.19 3 305.0 2.18 130.8 0.66 10
10.0 0.07 4.3 0.32 5 310.0 2.22 . 1329 0.63 9
15.0 0.11 6.4 0.48 7 315.0 2.25 135.1 0.59 8
20.0 0.14 8.6 0.74 1" - 320.0 2.29 137.2 .0.56 8
25.0 0.18 10.7 1.21 17 325.0 2.32 1394 0.53 8
30.0 0.21 12.9 1.81 26 330.0 2.36 141.5 0.50 7
35.0 0.25 15.0 2.63 38 335.0 2.39 143.7 0.47 7
40.0 0.29 17.2 3.68 53 340.0 243 145.8 0.45 6
45.0 0.32 -19.3 5.47 79 345.0 2.47 148.0 0.42 6
50.0 0.36 214 8.41 121 350.0 2.50 150.1 0.40 6
55.0 0.39 .23.6 12.61 182 355.0 2.54 152.2 0.38 5
60.0 '0.43 25.7 16.50 238 360.0 2.57 1544 0.36 5
65.0 0.46 27.9 20.50 295 365.0 2.61 1566.5 0.34 5
70.0 0.50 30.0 23.97 345 370.0 2.64 158.7 0.33 5
75.0 0.54 32.2 27.75 400 375.0 2.68 160.8 0.30 4
80.0 0.57 34.3 28.91 416 380.0 2.72 163.0 0.28 4
85.0 0.61 36.5 28.07 404 385.0 2.75 165.1 0.27 4
80.0 - 0.64 38.6 26.38 380 390.0 2.79 167.3 - 0.26 4
95.0 0.68 40.7 24.18 348 395.0 2.82 169.4 0.24 3
100.0 0.71 429 . 21.55 310 400.0 2.86° 171.5 0.23 3
105.0 0.75 45.0 18.92 272 405.0 2.89 173.7 0.22 3
110.0 0.79 47.2 16.08 232 410.0 2.93 175.8 0.21 3
115.0 0.82 49.3 14.19 - 204 415.0 2.97 178.0 0.20 3
120.0 0.86 515 12.61 182 420.0 3.00 180.1 0.19 3
125.0 0.89 53.6 11.04 159 425.0 3.04 182.3 0.18 3
130.0 0.93 55.8 9.99 144 . 430.0 3.07 184.4 0.17 2
- 135.0 0.96 57.9 9.04 130 435.0 3.1 186.5 0.16 2
140.0 1.00 60.0 8.20 118 440.0 3.14 188.7 0.15 2°
145.0 1.04 62.2 . 7.36 106 445.0 3.18 190.8 0.15 2
150.0 1.07 64.3 6.78 98 450.0 3.22 193.0 0.13 2
1585.0 1.1 66.5 6.20 89 455.0 - 3.25 195.1 0.12 -2
160.0 1.14 68.6 5.83 84 460.0 3.29 197.3 0.12 2
165.0 1.18 70.8 5.47 79 465.0 3.32 199.4 0.11 2
170.0 1.22 729 - 8.15 74 470.0 3.36 201.6
175.0 1.25 75.0 4.84 70 "475.0 3.40 203.7
180.0 1.29 77.2 4.57 66 480.0 3.43 2058 -
185.0 1.32 79.3 4.31 62 485.0 3.47 208.0
190.0 1.36 81.5 4.10 59 490.0 3.50 210.1
195.0 1.39 - 83.6 3.87 56 495.0 354 212.3 -
200.0 143 85.8 3.68 53 500.0 - 3.57 2144
205.0 1.47 - 87.9 3.47 50 505.0 3.61 216.6
210.0 1.50 90.1 3.28 47 510.0 3.65 - 218.7
2150 - 1.54 92,2 3.10 45 5150 3.68 2209
-220.0 1.57 . 94.3 2.93 42 520.0 3.72 + 2230
- 225.0 1.61 96.5 275 40 -+ 525.0 3.75 2251
230.0 1.64 98.6 2.63 38 530.0- 3.79 227.3
235.0 1.68 100. 2.47 36 535.0 3.82 229.4
240.0 1.72 102.9 - 2.33 34 540.0 3.86 231.6
245.0 1.75 105.1 2.22 32 545.0 3.90 233.7
2500 - 1.79 107.2 2.10 30 - 550.0 3.93 235.9
255.0 1.82 . 109.4 1.99 29 5655.0 3.97 238.0
260.0 1.86 111.5 1.88 27 560.0 400 - . 2402
265.0 1.89 113.6 1.78 26 565.0 4.04 . 2423
270.0 1.93 1158 1.68 - 24 5§70.0 4.07 2444
275.0 1.97 117.9 1.59 23 575.0 4.11 246.6
280.0 2,00 120.1 1.50 22 580.0 -4.15 248.7
285.0 204 1222 1.43 21 585.0 4.18 2509
290.0 2.07 1244 1.36 20 - 590.0 4.22 253.0.
295.0 2.11 126.5 1.28 18 595.0 4.25 255.2
300.0 2.14 128.7 1.21 17 600.0 4.29 . 2573




COLORADO PLATEAU UNIT HYDROGRAPH : ' 18-May-06

Basin D-PMP Proposed Conditions

Drainage Area = 0.3827 sq. miles LgtD/2 = 0.57 Hours
Basin Slope = 62.37 ft./mile Basin Factor = 0.1
L= 1.28 mi., Length of Watercourse V= 10.29 cfs/Day
Lca= 0.68 mi., Distance to Centroid Qs = 18.1 *q,cfs
Kn= 0.042 -, Ave. Weighted Manning's n
PARAMETERS:

. Calculated: Lag Time, Lg = 0.53 Hours Unit Duration, D = 5.75 minutes
Calculated Timestep = 1.71 minutes

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30 60, 120, 180 or 360
5 minutes, integer value evenly dIVISlble into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU

600

' 500

400

DISCHARGE, (cfs)
W
8

200

100

0

0.00 0.50 1.00 1.50 2,00 2.50 3.00 3.50 4.00

TIME, (Hours) )
Ul Record - Unit Graph 5 minute interval

ul 8 31 92 278 - 477 490 . 366 - 244 175 130
ul 104 .87 74 63 53 - 45 - 38 33 .28 24
ul 20 17 15 12 - 11 9 '8 7 5 5
ul 4 3 3 3 . 2
ul ' - ,
Ul S
ul
Ul
“Ul
ul
ul
ul
ul




o/

ul -
ul
ul
ul
Ut
ul-
Ul
USBR calculated unitgraph peak = 523 Interpolated Peak = 490
Timet, % - Qs [Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.7 0.19 3 305.0 1.74 104.1 0.66 12
10.0 0.06 3.4 0.32 6 3100 1.76 105.9 0.63 11
15.0 0.09 5.1 0.48 g9 315.0 1.79 107.6 0.59 1
20.0 0.11 6.8 0.74 13 320.0 1.82 109.3 0.56 10
25.0 0.14 8.5 1.21 22 325.0 1.85 111.0 0.53 10
30.0 0.17. 10.2 1.81 33 330.0 1.88 112.7 . 0.50 -9
35.0 .0.20 12.0 2.63 48 335.0 1.91 1144 0.47 -8
40.0 . 0.23 13.7 3.68 67 340.0 1.93 116.1 0.45 8
450 0.26 154 547 99 345.0 1.96 1178 0.42 ‘8
50.0 0.28 171 841 152 350.0 - 1.99 1195 0.40 7
55.0 0.31 18.8 12.61 228 355.0 2.02 121.2 0.38 7
60.0 0.34 20.5 16.50 298 360.0 2.05 1229 0.36 7
65.0 0.37 22.2 20.50 371 365.0 208 1246 0.34 6
70.0 0.40 239 23.97 433 370.0 21 126.3 0.33 6
75.0 0.43 25.6 27.75 502 375.0 2.13 128.0. 0.30 5
80.0 0.46 27.3 28.91 523 380.0 2.16 129.8 0.28 5
85.0 - 0.48 29.0 28.07 508 385.0 - 2.19 1315 0.27 5
90.0 0.51 30.7 26.38 477 390.0 222 - 133.2 0.26 5
95.0 0.54 324 24.18 437 395.0 2.25 1349 - 0.24 4
100.0 0.57 34.1 21.55 390 400.0 2.28 136.6 0.23 4
105.0 0.60 359 18.92 342 405.0 © 230 138.3 0.22 4
110.0 0.63 376 16.08 291 410.0 2.33 140.0 0.21 4
115.0 0.65 39.3 14.19 257 415.0 2.36 1417 0.20° 4
120.0 0.68 41.0 12.61 228 420.0 2.39 143.4 0.19 "3
125.0 - 0.1 42.7 11.04 200 425.0 242 145.1 0.18 - 3
130.0 0.74 44.4 9.99 181 430.0 . 2.45 146.8 0.17 3
135.0 0.77 46.1 9.04 163 435.0 2.48 148.5 0.16 3
140.0 0.80 47.8 8.20 148 440.0 2.50 150.2 0.15 3
145.0 0.83 49.5 . 7.36 133 445.0 2.53 1519 0.15 3
150.0 0.85 51.2 6.78 123 450.0 2.56 153.7 0.13 2
155.0 0.88 52.9 6.20 112 455.0 2.59 155.4 0.12 2
160.0 0.91 54.6 5.83 105 460.0 262 1574 0.12 2
165.0 - 0.94 56.3 547 99 465.0 - 2.65 . 158.8 0.11 2
170.0 0.97 58.0 . 5,15 a3 470.0 2.67 160.5
175.0 1.00. 59.8 4.84 88 475.0 2.70 162.2
180.0 1.02 61.5 4.57 83 480.0 273 163.9
185.0 . 1.05 63.2 4.31 78 485.0 2.76 165.6
190.0 1.08 64. 4.10 74 490.0 2.79 167.3
195.0 1.11 66.6 3.87 70 495.0 '2.82 169.0
200.0 1.14 68.3 , 3.68 67 500.0 2.85 170.7
205.0 117 700 347 63 505.0 - 2.87 1724
210.0 1.20 YaW4 3.28. 59 510.0 . 280 1741
215.0 . . 1.22 73.4 3.10 56 -5156.0 . . 293 175.8
220.0 1.25 . 751 2.93 53 520.0 2.96 177.6
225.0 1.28 - 76.8 2.75 -850 .-525.0 299 - 1793
230.0 1.31 78.5 -2.63 48 530.0 3.02 - 1810
- 235.0 1.34 © 80.2 247 .45 5$35.0 3.04 1827
240.0 1.37 81.9 2.33 42 . 540.0 3.07 - 184.4
245.0 1.39 - 837 2.22 40 545.0 . 3.10 186.1
250.0 142 854 - 210 38 © 550.0 3.13 187.8
255.0 145 87.1 1.99 36 - 555.0 3.16 - 189.5
260.0 ©1.48 888 - . 1.88 . 34 560.0 . 3.19 - 191.2
265.0 ©1.51 90.5 - 1.78 32 565.0 . 13.22 .1929
270.0 1.54 92.2 1.68 30 570.0 ~3.24 194.6
275.0 1.56 93.9 1.59 - 29 575.0 3.27 196.3
280.0 1.59 95.6 -1.50 27 580.0 3.30 198.0
285.0 1.62 97.3 143 26 585.0 3.33 199.8
290.0 1.65 ~99.0 1.36 25 590.0 3.36 '201.5
295.0 1.68 100.7 1.28 23 595.0 3.39 203.2
300.0 1.71 102.4 1.21 22 600.0 3.41 2049

NOTES: Use for models including Basin D for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH -

Basin G-10, 25, 100, 200 Proposed Conditions

Drainage Area =

1.3775 sq. miles

Basin Slope = 353 ft./mile .
L= 2.96 mi., Length of Watercourse
Leca= 1.58 mi., Distance to Centroid
Kn= 0.054 -, Ave. Weighted Manning's n
PARAMETERS: )
Calculated: Lag Time, Lg = 0.89 Hours

Lg+D/2 =

Basin Factor =

V=

Qs=

Unit Duration, D =
Calculated Timestep =

0.93 Hours

0.25

'37.04 cfs/Day
39.9 *q,cfs

9.68 minutes
2.79 minutes

18-May-06

Data to be used Unit Duration, D = '
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Ul

. Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
1,400 s
1,200 .
' 1.000
E 800
e
< .
2 600
[}
400
200
o .
0.00° 100 . .2.00 R 3.00 4.00 5.00 6.00
TIME, (Hours)
Ul Record - Unit Graph 5 minute intgﬁai )

.Ul 12 25 57 112 216 463 747 1009 1148 1056
Ul . 887 694 545 435 364 - 303 259 228 204 183
ul 166 151 136 123 11 101 91 83 75 . 68
ul 61 56 - 50 . 46 41 37 .. 34 31 28 25
ul 23 21 19 17 15 14 13 1 10 \ 9
ul 9 8 7 6 6 ‘5 5
ul
ur
ul
ul
ul
Ul
ul




ul
Ul
ul
Ul
ut
- Ul
~Ul
USBR calculated unitgraph peak = 1153 Interpolated Peak = 1148
Timet, % Qs |Timet, % - Qs
. of Lg+D/2 Hours Min q cfs Jof Lg+D/2 Hours Min. q cfs
5.0 0.05 2.8 0.19 8 305.0 2.83 170.0 0.66 26
10.0 0.09 ‘5.6 0.32 13 310.0 2.88 172.8 0.63 25
15.0 0.14 8.4 0.48 19 3156.0 293 175.6 0.59 24
20.0 0.19 11.1 0.74 30 320.0 297 178.4 0.56 22
25.0 0.23 13.9 1.21 48 325.0 3.02" - 181.1 0.53 21
30.0 0.28 16.7 1.81 72 330.0 3.07 183.9 0.50 20
35.0 0.33 ©19.5 2.63 105 335.0 3.11 186.7 0.47 19
40.0 '0.37 22.3 3.68 147 340.0 3.16 189.5 0.45. 18
45.0 0.42 25.1 5.47 218 345.0 3.20 1923 0.42 17
50.0 0.46 279 8.41 335 350.0 3.25 195.1 0.40 16
55.0 0.51 - 307 12.61 503 355.0 . 3.30 197.9 0.38 15
60.0 0.56 334 16.50 658 360.0 3.34 200.7 0.36 14
65.0 0.60 36.2 - 20.50 817 365.0 3.39 203.4 0.34 14
70.0 0.65 39.0 23.97 956 370.0 3.44 206.2 0.33 13
75.0 0.70 41.8 27.75 1,106 375.0 3.48 209.0 " 0.30 12
80.0 0.74 44.6 28.91 1,153 380.0 3.53 211.8 0.28 11
85.0 0.79 47.4 . 28.07 1,119 385.0 3.58 214.6 0.27 "
90.0 0.84 50.2 26.38 1,052 390.0 3.62 2174 0.26 10
95.0 0.88 53.0 24.18 964 395.0 3.67 220.2 0.24 10
100.0 -0.93 55.7 21.55 859 400.0 3.72 223.0 0.23 9
105.0 0.98 58.5 18.92 754 405.0 3.76 225.7 0.22 9
110.0 1.02 61.3 -16.08 641 410.0 3.81 228.5 . 0.21 8
115.0 1.07 64.1 14.19 566 415.0 3.86 231.3 0.20 8 .
1200 1.1 66.9 12.61 503 420.0 3.90 2341 0.19 8
125.0 1.16 69.7 11.04 440 425.0 3.95 236.9 0.18 7
130.0 1.21 72.5 9.99 398 430.0 3.99 239.7 0.17 7
135.0 " 1.25 75.2 9.04 360 435.0 4.04 2425 0.16 6
140.0 -1.30 78.0 8.20 327 -440.0 4.09 - 245.2 0.15 6
145.0 1.35 .80.8 7.36 293 4450 413 248.0 . 0.15 6
150.0 1.39 - 83.6 6.78 270 450.0 4.18 250.8 0.13 5
©155.0 144 86.4 6.20 247 455.0 4.23 253.6 0.12 5
160.0 149 - 89.2 5.83 232 460.0 4.27 256.4 0.12 5
165.0 1.53 92.0 5.47 218 465.0 4,32 .259.2 0.1 4
170.0 1.58 94.8 5.156 205 470.0 4.37 262.0
175.0 1.63 97.5 4.84 193] - 475.0 4.41 264.8
180.0 1.67 100.3 4.57 182 480.0 4.46 267.5
185.0 1.72 103.1 4.31 172 485.0 4.51 270.3
190.0 1.77 105.9 - 4.10 163 490.0 4.55 . 2731
195.0 1.81 108.7 - 3.87 154 495.0 ‘4,60 - 275.9
200.0 1.86 111.5 3.68 147 500.0 4.64 - 278.7
205.0 1.90 114.3 . 3.47 138 505.0 4.69 281.5
210.0 1.95 117.0 3.28 131 510.0 474 284.3
215.0 2.00 119.8 3.10 124 515.0 478 287.0
220.0 2.04 122.6 2.93 S17 520.0 4.83 . 289.8
225.0 2.09 125.4 2.75 110 525.0 -4.88 292.6
230.0 2.14 128.2 2.63 105 530.0 - 492 '295.4
235.0 2.18 -131.0 247 98 535.0 497 298.2
240.0 1 2.23 133.8 .2.33 - 93 540.0 5.02 301.0
245.0 2.28 136.6 2.22 89 545.0 5.06 303.8
250.0 2.32 -139.3 - 210 84 650.0 511 306.6
255.0 - 2.37 1421 - 1.99 .79 555.0 616 . 309.3
260.0 242 - 1449 1.88 75 560.0 820 . . 3121
265.0 2.46 "147.7 1.78 -7 565.0 .- - §25. - 3149
270.0 - 2.51 150.5 1.68 - . 67 570.0 _ 5.30 - 317.7
275.0 2.55 183.3 1.59 63 575.0 5.34 320.5
280.0 . . 260 156.1 1.50 60 .- 580.0- 5.39 323.3
285.0 2.65 158.9 1.43 57 -585.0 543 326.1
290.0 -2.69 161.6 1.36 54 590.0 -5.48 3289
295.0 - 2.74 1644 1.28 51 §95.0 5.53 331.6
300.0 2.79 167.2° 1.21 48 600.0 5.57 3344

o/

NOTES : 'Use for models including Basin G for the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH

Basin G-PMP Proposed Conditions

Drainage Area = 1.3775 sq. miles Lg+D/2 =
Basin Slope = . 353 ft./mile ) Basin Factor =
L= 2.96 mi., Length of Watercourse - V'=
Leca= 1.58 mi., Distance to Centroid Qs=
Kn = 0.042 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time, Lg = 0.69 Hours Unit Duration, D =

Calculated Timestep =

0.73 Hours
0.25

37.04 cfs/Day
50.6 *q,cfs

7.53 minutes

18-May-06

Data to be used’ Unit Duration, D =
in Analysis  Selected Timestep =

5 rﬁinutés, round down to nearest of 5, 10, 15, 30,

2.20 minutes

5 minutes, integer value evenly divisible into 60

.60, 120, 180, or 360

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
1,600 ron Py ] ey ,
1:400
1,200
1000
g
]
% 800
2
o
600
400
200
[} - - -
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 " 5.00
S : TIME, (Hours)
Ul Record - Unit Graph -5 “minute interval _
ul 18 51 -' 126 203 .- 715 1154 1460 “ 1311 1025 740
ul 556 444 . 355 . 297 258 - 226 199 176 155 136
ul (119 . 106 - 93 82 73 - 64 56 50 43 - 39
ul 34 : 30 .27 23 21 - 18 16 14 12 11
Ul 10 9 8 6 "6 ~
ul ’ e
Ul
Ut
]
ul
Ul
Ul ‘
ul

ul




o/

ul

Ul
ul
U]
Ul
ul
ul
Ul
USBR calculated unitgraph peak = 1463 Interpolated Peak = 1460 -
Time t, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs Jof Lg+D/2 Hours Min. q cfs
5.0 0.04 2.2 0.19 10 305.0 2.23 133.9 0.66 33
10.0 0.07 4.4 0.32 16 310.0. 2.27 136.1 0.63 32
150 - 0.1 6.6 0.48 24 315.0 2.31 138.3 - 0.59 30
20.0 0.15 8.8 0.74 37 320.0 2.34 140.5 0.56 28
25.0 0.18 11.0 . 1.21 61 325.0 2.38 142.7 0.53 27
30.0 0.22 13.2 1.81 92 330.0 - 2.41 1449 0.50 25
35.0 0.26 154 2.63 133 335.0 245 1471 0.47 - 24
40.0 - 0.29 17.6 3.68 186 340.0 2.49 149.3 0.45 23
45.0 0.33 19.8 5.47 277 345.0 2.52 151.5 0.42 21
50.0 0.37 220 8.41 426 350.0 2.56 153.7 0.40 20
55.0 0.40 24.1 12.61 638 355.0 2.60 155.9 0.38 19
60.0 0.44 26.3 16.50 835 360.0 2.63 . 168.1 0.36 18
65.0 0.48 28.5 20.50 1,038 365.0 2.67 160.3 0.34 17
70.0 0.51 30.7. 23.97 1,213 370.0 2.71 162.5 0.33 17
75.0 0.55 329 27.75 1,405 375.0 274 164.7 0.30 15
- 80.0 0.59 35.1 28.91 1,463 380.0 2.78 166.8 0.28 14
85.0 . 0.62 37.3 28.07 1421 385.0 2.82 169.0 0.27 14
90.0 0.66 395 26.38 1,335 390.0 2.85 171.2 .0.26 13
© 95.0 0.70 417 24.18 1,224 395.0 2.89 1734 0.24 12
100.0 .0.73 439 21.55 1,091 400.0 293 175.6 0.23 12
105.0 0.77 46.1 18.92 958 405.0 2.96 177.8 0.22 11
110.0 0.80 48.3 16.08 814 410.0 3.00 180.0 0.21 11
115.0 0.84 50.5 14.19 718 415.0 3.04 182.2 0.20 10
120.0 0.88 52.7 12.61 638+ 420.0 3.07 184.4 0.19 10
125.0 0.91 54.9 11.04 559 425.0 3N 186.6 0.18 9
130.0 0.95 57.1 9.99. 506 430.0 3.15 188.8 0.17 9
135.0 0.99 59.3 | 9.04 . 458 435.0 3.18 191.0 0.16 8
140.0 1.02 61.5 8.20 415 440.0 3.22 193.2 0.15 8
145.0 1.06 63.7 7.36 373 445.0 3.26 195.4 0.15 8
150.0 1.10 65.9 6.78 343 450.0 3.29 197.6 0.13 7
155.0 1.13 68.1 6.20 314 455.0 3.33 199.8 0.12 6
160.0 117 703 5.83 295 460.0 3.37 202.0 0.12 6
165.0 1.21 724 5.47 277 465.0 3.40 204.2 0.1 6
170.0 1.24 74.6 5.15 261 470.0 3.44 206.4
175.0 1.28 76.8 4.84 245 475.0 3.48 208.6
180.0 1.32 79.0 4.57 231 - 480.0 3.51 210.8
185.0 1.35 81.2 4.31 218 485.0 3.55 2129
190.0 1.39. 83.4 4.10 208 - 490.0 3.59 215.1
195.0 143 . 85.6 3.87 . © 196 - 495.0 -3.62 217.3
200.0 1.46 87.8 3.68 186 500.0 3.66 2195
205.0 1.50 90.0 3.47 176 505.0 3.70 2217
210.0 1.54 92.2 3.28 166 510.0 3.73 . 2239 .
.215.0 1.57 94.4 3.10 157 515.0 _ 3.77 226.1
220.0 161 . 96.6 2.93 148 520.0 . - 3.81 228.3
225.0 1.65 - 98. 2.75 139 525.0 3.84 230.5
'230.0 1.68 101.0 2.63 133 . 530.0 3.88. 232.7
235.0 172 - 103.2 247 125 7 535.0 3.92 2349
. 2400 . 1.76 --105.4 - 2.33 118 540.0 3.95 2371
2450 - 1.79 107.6 § 222 112 545.0 3.99 2393
250.0 1.83 109.8 2.10 106 550.0 4.02 2415
255.0 1.87 112.0 1.99 101 555.0 4.06 2437
260.0 1.90 114.2 1.88 95 560.0 4.10 2459.
265.0 - 1.94 . 1164 1.78 90 565.0 4.13 248.1
270.0 1.98 118.5 © 1.68 85 570.0 417 250.3
275.0 2.01 - 1207 ©1.89 80 575.0 - 421 252.5
280.0 2.05 122.9 . 1.50 76 . 580.0 4.24 254.7
285.0 2.09 125.1. - - 1.43 72 585.0 4.28 256.9
290.0 1212 127.3 1.36 . 69 590.0 4,32 259.1
295.0 2.16 129.5 - 1.28 65 595.0 4.35 261.2
300.0 2.20 131.7 1.21 61 600.0 4.39 263.4

NOTES: Use for models including Basin G for the PMP Local event




o/

COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 1-10, 25, 100, 200 Proposed Conditions

18-May-06

Drainage Area = 0.1839 sq. miles - Lg+D/2 = 0.63 Hours
Basin Slope = 70.74 ft./mile Basin Factor = 0.07
L= 1.13 mi., Length of Watercourse V= 4.95 cfs/Day
Lca= 0.52 mi., Distance to Centroid Qs= 7.9 *q,cfs
Kn = 0.054 -, Ave. Weighted Manning's n
' PARAMETERS:
Calculated: Lag Time, Lg = 0.58 Hours Unit Duration, D = _ 6.36 minutes
- Calculated Timestep = 1.88 minutes
Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

8]

. Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
250 T p > :
200
g 150
g
E:
8
o 100
50
0 : : BT ‘
0.00 0.50 1.00 - 150 | 1200 . 250 3.00 3.50 4.00
. TIME, (Hours) '
Ul Record - Unit Graph . 5 minute interval
Ut 6 . 24 88 . 220 - 282 210 - 133 91 66 53
Ul 43 36 30 25 20. 17 14 12 10 8
LUl 7 6 - 5 4 3 3 2 2 2 1
ul : :
ul
ul
ul
ui
ul
Ut .
ul
ul
Ul




/

‘ "i N NOTES : Use for models including Design Point 1 (Basin E) for the 10, 25, 100 and 200 year events

ul
ul
Q ) ul
ul
ul .
Ul
Ul
USBR calculated unitgraph peak = 229 Interpolated Peak = 282
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.9 0.19 2 305.0 1.91 1144 0.66 5
10.0 0.06 3.8 0.32 3 310.0 1.94 116.3 0.63 5
15.0 0.09 56 0.48 4 315.0 1.97 118.1 0.59 5
20.0 0.13 7.5 0.74 6 320.0 2.00 120.0 0.56 4
25.0 0.16 9.4 1.21 10 325.0 2.03 1219 0.63 4
30.0 0.19 113 1.81 14 330.0 2.06 123.8 0.50 4
35.0 0.22 13.1 2.63 21 335.0 2.09 125.6 0.47 4
fI0.0 0.25 15.0 3.68 29 340.0 2.13 127.5 0.45 4
45.0 0.28 16.9 547 43 345.0 2.16 129.4 0.42 3
50.0 0.31 18.8 8.41 67 350.0 2.19 131.3 0.40 3
55.0 0.34 20.6 12.61 100]. 355.0 2.22 133.1 0.38 3
60.0 . 0.38 22.5 16.50 131 360.0 2.25 135.0 0.36 3
65.0 0.41 244 20.50 162 365.0 2.28 136.9 0.34 3
70.0 0.44 26.3 23.97 190 370.0 2.31 138.8 0.33 3
75.0 0.47 28.1 27.75 220 375.0 2.34 140.6 0.30 2
80.0 0.50 30.0 28.91 229 380.0 2.38 1425 0.28 2
85.0 0.53 31.9 28.07 222 385.0 241 1444 0.27 2
90.0 0.56 338 26.38 209 390.0 2.44 146.3 0.26 2
85.0 0.69 35.6 24.18 191 395.0 247 148.1 0.24 2
100.0 0.63 37.5 21.55 170 400.0 2.50 150.0 0.23 2
105.0 0.66 394 18.92 150 405.0 2.53 151.9 0.22 2
110.0 0.69 41. 16.08 127 410.0 2.56 1563.8 0.21 2
. 115.0 0.72 431 14.19 112 415.0 2.59 165.6 0.20 2
120.0 0.75 45.0 12.61 100 420.0 2.63- 157.5 0.19 2
. 125.0 0.78 46.9 11.04 87 425.0 2.66 159.4 " 0.18 1.
130.0 0.81 48.8 9.99 79 - 430.0 2.69 161.3 0.17 1
135.0 0.84 50.6 9.04 72 435.0 2.72 163.1 0.16 1
- 140.0 0.88 62.5 8.20 65 440.0 2.75 165.0 0.156 1
145.0 0.91 54.4 7.36 58 445.0 2.78 166.9 - 0.15 1
150.0 0.94 56.3 6.78 54 450.0 2.81 168.8 0.13 1
155.0 0.97 58.1 6.20 49 455.0 2.84 170.6 0.12 1
160.0 1.00 60.0 6.83 46 460.0 , 2.88 172.5 0.12 1
165.0 1.03 61.9 5.47 43 465.0 2.91 174.4 0.1 1
170.0 1.06 63.8 5.15 41 470.0 2.94 176.3
175.0 1.09 65.6 484 38 475.0 297 17841
180.0 1.13 67.5 457 - 36 480.0 3.00 180.0
185.0 1.16 69.4 4.31 34 485.0 3.03 181.9
190.0 -1.19 713 4.10 32 490.0 3.06 - 183.8
- 195.0 1.22 73.1 387 31 4950 3.09 185.6
200.0 1.25 75.0 '3.68 29 500.0 +3.13 187.5
205.0 - 1.28 76.9 /3.47 27 505.0 3.16 189.4
210.0 1.31 78.8 3.28 26 510.0 319 191.3
215.0 1.34 80.6 3.10 25 515.0 3.22 193.1
220.0 1.38 82.5 2.93 23 520.0 3.25 195.0
2250 - 1.41 844 275 22 . 525.0° 3.28 196.9
230.0 1.44 86.3 2.63 21 530.0 331 198.8
235.0 1.47 88.1 1247 20 - 835.0 .3.34 200.6
2400 1.50° 900 2.33 18 540.0 3.38 2025
245.0 153 91.9 2.22 18 545.0 -3.41 204.4
250.0 1.56 93.8 2.10 17 - 550.0 3.44 206.3
255.0 1.59 '95.6 -1.99 16 655.0 - 347 208.1
260.0 163 - 97.5 .1.88 15| - 5600 . . 3.50 210.0
265.0 1.66 994 1.78 14 565.0 3.53 211.9
270.0 1.69 101.3 1.68 . 13 570.0 " 356 - 2138 ’
275.0 1.72 103.1 1.59 13 575.0 - :3.89 . 215.6
280.0 1.75 105.0 1.50 12 580.0 3.63 217.5
285.0 1.78 106.9 1.43 1 5850 .. 3.66 219.4
290.0 1.81 108.8 1.36 M '590.0 1 3.69 221.3
295.0 1.84 110.6 1.28 10 595.0 3.72 223.2
300.0 1.88 112.5 1.21 . 10 600.0 3.75 225.0




COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 1-PMP Proposed Conditions

Drainage Area = 0.1839 sq. miles Lg+D/2 =
Basin Slope = 70.74 ft./mile Basin Factor =
L= 1.13 mi., Length of Watercourse V=
Lea= 0.52 mi., Distance o Centroid Qs=
Kn = 0.042 -, Ave. Weighted Manning's n ‘
PARAMETERS: .
Calculated: Lag Time, Lg = 0.45 Hours Unit Duration, D =

Calculated Timestep =

18-May-06

0.50 Hours
0.07

4.95 cfs/Day
100 *q,cfs

4.95 minutes
1.49 minutes

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph *
: Synthelic USBR COLORADO PLATEAU
350 - T - - - T
300
250
g 200
g
g
T
3 150
o
100
50
0
0.00 . 0.50 1.00 1.50 . 2.00 ?.50 3.00 : 3.50
TIME, (Hours) . '
Ul Record - Unit Graph 5 minute interval
ul 6. ' 24 . 88 220 282 " 210 133 91 . 66 . 53
V] 43 ‘36 ' 30 25 20 17 14 . 12 10 8
ul- T 6 5 - . 4 3 3 2 2 . 2 1
ul . '
Ul .
Ul :
V]|
Ul
ul
Ul
u
Ul
Ul
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ul

ut
Ul
Ul
ul
ul
ul
ul
USBR calculated unitgraph peak = 289 Interpolated Peak = 282
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
50 0.02 1.5 0.19 2 305.0 1.51 90.7 0.66 7
10.0 0.05 3.0 0.32 3 310.0 1.54 92.1 0.63 6
15.0 0.07 4.5 0.48 5 315.0 1.56 836 0.59 6
20.0 0.10 5.9 0.74 7 320.0 1.59 95.1 0.56 6
25.0 0.12 . 7.4 " 1.21 12 325.0 1.61 96.6 0.53 5
30.0 0.15 8.9 1.81 18 330.0 1.63 98.1 0.50 5
35.0 0.17 104 2.63 26 - 335.0 1.66 99.6 0.47 5
40.0 0.20 119 3.68 37 340.0 1.68 101.1 0.45 4
45.0 0.22 134 5.47 55 345.0 1.71 102.6 0.42 4
50.0 0.25 149 8.41 .84 350.0 1.73 104.0 0.40 4
55.0 0.27 16.3 12.61 126 355.0 1.76 105.5 0.38 4
60.0 0.30 17.8 16.50 165 360.0 1.78 107.0 0.36 4
65.0 0.32 . 19.3 20.50 - 205 365.0 1.81 108.5 0.34 3
70.0 0.35 20.8 23.97 239 370.0 1.83 110.0 0.33 3
75.0 0.37 22.3 21.75 277 375.0 1.86 111.5 0.30 3
80.0 0.40 23.8 28.91 289 380.0 1.88 113.0 0.28 3
85.0 0.42 253 28.07 280 385.0 1.91 1144 0.27 3
90.0- 0.45 26.8 26.38 263 390.0 1.93 115.9 0.26 3
95.0 047 28.2 24.18 241 395.0 1.96 117.4 0.24 2
100.0 0.50 29.7 21.55 215 400.0 1.98 118.9 0.23 2
105.0 0.52 31.2 18.92 189 405.0 2.01 1204 0.22 -2
110.0 0.54 32.7 16.08 161 - 410.0 2.03 121.9 0.21 2
115.0 0.57 34.2 14.19 142 415.0 2.06 123.4 0.20 2
120.0 0.59 35.7 .12.61 126 420.0 2.08 124.8 0.19 2
125.0 0.62 37.2 11.04 110 425.0 2.1 126.3 0.18 2
130.0 0.64 38.6 - 9,99 100 - 430.0 2.13 127.8 0.17 2
135.0 0.67 40.1 9.04- 90 435.0 2.16 129.3 0.16 2
140.0 0.69 41.6 8.20 82 440.0 - '2.18 130.8 0.15 1
145.0 0.72 43.1 7.36 73 445.0 2.20 132.3 0.15 1
150.0 0.74 44.6 6.78 68 450.0 2.23 133.8 0.13 1
155.0 0.77 46.1 © 6.20 62 455.0 2.25 135.3 0.12 1
160.0 0.79 476 5.83 58 460.0 . 228 136.7 0.12 1
165.0 0.82 49.0 5.47 55 465.0 2.30 138.2 0.1 1
170.0 0.84 50.5 5.15 51 470.0 2.33 139.7
175.0 0.87 - 520 4.84 48 475.0 2.35 141.2
180.0 0.89 63.5 4.57 46 480.0 2.38 142.7
185.0 0.92 55.0 4.31 43 485.0 2.40 144.2
190.0 0.94 . 56.5 4.10 - 41 490.0 2.43 145.7
195.0 0.97 58.0 3.87 39 495.0 2.45 147.1
200.0 0.99 - 69.5 - 3.68 37 500.0 2.48 148.6
205.0 1.02 - 60.9 .3.47 - -35 505.0 2.50 150.1
.210.0 1.04 62.4 3.28. ... 33 510.0 - 253 151.6
2150 -1.07 63.9 . 3.10 31 -515.0 2.55 163.1
220.0 1.09 - 65.4 293 - 29| - 520.0 2.58 154.6
225.0 1.1 - 66.9 2.75 27| - 525.0 2.60 156.1
2300 = 1.14 .68.4 2.63 . 26 .530.0° 2.63 157.5
235.0 - 1.16 69.9 . 247 25 535.0 2.65 159.0
2400 1.19 . 71.3 2.33 23 - 540.0 2.68 160.5
245.0 - 121 - 72.8 2.22 22 - 545.0 ¢ -2.70 - .162.0 .
2500 - . 1.24 743 2.10 21 . 550.0 2.72 -163.5 .
255.0 1.26 758 -1.99 . 20 655.0 2.75 © 165.0 v
260.0 1.29 773 1.88 , 19 560.0 - 277 166.5
265.0 . 1.31 78.8 - 1.78 18 565.0 2.80 167.9
2700 - 1.34 80.3 1.68 17 570.0. 2.82 . 169.4
275.0 1.36 81.7 1.59 16 575.0 2.85 1709
© 280.0 1.39 83.2 - 1.50 15 580.0° 2.87 1724
285.0 1.41 84.7 1.43 14 585.0 - . 2.90 173.9
290.0 " 144 86.2 1.36 14 590.0 292 - 1754
295.0 1.46 87.7 1.28 13 595.0 2.95 176.9
300.0 1.49 89.2 1.21 12 600.0 297 178.4

NOTES : Use for models including Design Point 1 (Basin E) for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH © 18-May-06

Design Point 2-10, 25, 100, 200 Proposed Conditions

Drainage Area = 0.0863 sq. miles Lg+tD/2= - 0.66 Hours
Basin Slope = 52.14 ft./mile Basin Factor = 0.08
. L= 1.04 mi., Length of Watercourse V= 2.32 cfs/Day
Lca= 0.59 mi., Distance to Centroid Qs = 3.5 *q,cfs
Kn = 0.054 -, Ave. Weighted Manning's n ’
PARAMETERS: .
Calculated: Lag Time,Lg= . . 0.62 Hours Unit Duration, D = 6.79 minutes
. Calculated Timestep = 1.99 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60

. Unit Inflow Hydrograph - o
Synthetic USBR COLORADO PLATEAU
120 -
100
80
g
8
. 60
g
@
Q
40
20
0
0.00 0.50 1.00 1.50 . . 200 2.50 3.00 © 350 4.00 4.50
_ TIME, (Hours) .
Ul Record - Unit Graph o 5 minute interval
Ut 1 4 ) 11 30 65 - 97 95 75 52 38
Ul 30 23 20 17 15 13- 1 - 10 8 7
Ul 6 ’ 5 5 4 ' 4 3 , 3 2 2 2
Ui 2 1 1 1 1 1 1 1 1 0
Ul 0 !
Ul
Ul
ul .
Ul
ul
Ul
Ul
Ul

Ul
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ul
ul
- Ul
ul .
USBR calculated unitgraph peak = 101 Interpolated Peak = 97
Timet, % Qs |Timet, % Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 2.0 0.19 1 305.0 2.03 121.5 0.66 2
10.0 0.07 4.0 0.32 1 310.0 2.06 123.5 0.63 2
15.0 0.10 6.0 0.48 2 315.0 12.09 125.5 0.59 .2
20.0 0.13 8.0 0.74 3 320.0 2.12 127.5 0.56" 2
25.0 0.17 10.0 1.21 4 325.0 2.16 129.5 0.53 2
30.0 0.20 12.0 1.81 6 330.0 2.19 1315 0.50 2
35.0 0.23 13.9 2.63 9 335.0 2.22 133.5 0.47 2
40.0 0.27 159 . 3.68 13 340.0 2.26 135.5 0.45 2
45.0 0.30 17.9 5.47 19 345.0 2.29 137.5 0.42 1
50.0 0.33 19.9 8.41 29 350.0 2.32 139.4 0.40 1
65.0 0.37 21.9 - 12.61 44 355.0 2.36 1414 0.38 1
60.0 0.40 239 16.50 58 360.0 2.39 1434 0.36 1
65.0 0.43 25.9 20.50 72 365.0 242 145.4 0.34 1
70.0 0.46 27.9 23.97 84 370.0 2.46 147.4 0.33 1
75.0 0.50 29.9 27.75 97 375.0 2.49 149.4 0.30 1
80.0 0.53 319 28.91 101 380.0 2.52 1514 0.28 1
85.0 0.56. 339 28.07 98 385.0 2.56 153.4 0.27 1
90.0 0.60 35.9 26.38 92 390.0 2.59 165.4 0.26 1
95.0 0.63 37.8 24.18 85 395.0 2.62 157.4 0.24 1
100.0 0.66 39.8 21.55 75 400.0 2.66 159.4 0.23 1
105.0 0.70 . 41.8 18.92 66 405.0 2.69 1614 . 0.22 1
110.0 0.73 438 16.08 56 410.0 2.72 163.3 0.21 1
115.0 0.76 45.8 14.19 50 4150 2.76 165.3 0.20 1
120.0 0.80 47.8 12.61 44 420.0 279 167.3 0.19 1
125.0 0.83 49.8 11.04 39 425.0 2.82 169.3 0.18 1
130.0 0.86 51.8 9.99 35 - 430.0 2.86 1713 0.17 1
135.0 0.90 53.8 9.04 32 435.0 2.89 1733 0.16 1
140.0 0.93 55.8 8.20 . 29 440.0 2.92 1753 0.15 1
145.0 0.96 57.8 7.36 26 445.0 2.95 177.3 0.15 1
150.0 1.00 598 6.78 24 .450.0 2.99 179.3 0.13 0
155.0 1.03 61.8 6.20 22 455.0 3.02 181.3 0.12 0
160.0 1.06 63.7 583 20 460.0 3.05 183.3 0.12 0
165.0 1.10 65.7 547 19 465.0 3.09 185.3 .01 0
170.0 1.13 67.7 5.15 18 470.0 3.12 187.3
175.0 1.16 69.7 4.84 17 475.0 3.15 189.2
180.0 1.20 71.7 4.57 16 480.0 3.19 191.2
185.0 1.23 73.7 4.31 15 485.0 3.22 193.2
190.0 1.26 75.7 4.10 14 ©.490.0 -3.25 195.2
195.0 1.29 - 77.7 3.87 14 495.0 3.29 197.2
2000 1.33 79.7 - ‘3.68 13 500.0 - 3.32 199.2
205.0 1.36 81.7 - 347 12 505.0 . 3.35 201.2
210.0 139 .. 837 3.28 1" 510.0 3.39 203.2
215.0 1.43 85.7 3.10 1 515.0 3.42 205.2 -
220.0 1.46 87.7 . 293 10 520.0 3.45 207.2 .
2250 1.49 89.6 2.75 10 525.0 3.49 209.2
230.0. 153. = 916 2.63 9 530.0 352 - 211.2
235.0 - 1.56 © 93.6 247 9 635.0 3.55 213.1
240.0 1.59 95.6 2.33 8 540.0 359 - 2151
245.0 1.63 97.6 2.22 8 5450 3.62 2174
250.0 1.66 99.6 - 2.10 7 550.0 3.65 2191
255.0 1.69 101.6 1.99 7 655.0 - . 3.69 2211
260.0 1.73 103.6 1.88 7 560.0 3.72 2231
265.0 1.76 105.6 1.78 6 .565.0 ©3.75 © 22541
2700 179 1076 1.68 6 - 570.0 3.78 2271
275.0 1.83 - 109.6 1.59 6 575.0 3.82 © 2291
280.0 1.86 111.6 1.50 -5 580.0 3.85 2311
285.0 1.89 113.5 1.43 5 . 585.0 3.88 2331
290.0 1.93 115.5 1.36 5 §90.0 3.92. 235.1
2950 . 1.96 117.5 1.28 4 595.0 3.95 2371
300.0 1.99 119.5 1.21 4 600.0 3.98 239.0

u

NOTES : Use for models including Design Point 2 (Basin F) for the 10, 25, 100 and 200 year events
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COLORADO PLATEAU UNIT HYDROGRAPH

Design Point 2-PMP Proposed Conditions

Lg+D/2 =

Basin Factor =

V=
Qs=

Unit Duration, D =

Drainage Area = 0.0863 sq. miles
Basin Slope = 52.14 ft./mile
L= 1.04 mi., Length of Watercourse
Lea= 0.59 mi., Distance to Centroid
Kn= ~ 0.042 -, Ave. Weighted Manning's n
PARAMETERS: :
Calculated: Lag Time, Lg = 0.48 Hours

Calculated Timestep =

18-May-06

0.53 Hours
0.08

2.32 cfs/Day
44 *q,cfs

5.28 minutes
1.58 minutes

Data to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

nthetic USBR COLORADO PLATEAU

Unit Inflow Hydrograph

140

DISCHARGE, (cfs)

TIME, (Hours)

ul
ul
ul
ul
ul
ul
ul
ul
ut
ul
ul
ui
ul
ul

2 9 31

22 18 15
4 3 3
1 1

5 minute interval

127
1
2

106
9
2

69

47 34 26
6 5 -4
1 1 1




ul
ul
ul
ul
S ul
ul
ul _ :
: USBR calculated unitgraph peak = 128 Interpolated Peak = 127
Time t, % - Qs |Time t, % - Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.6 0.19 1 305.0 1.60 96.2 0.66 3
10.0 0.05 3.2 0.32 1 310.0 1.63 97.8 0.63 3 .
15.0 0.08 4.7 0.48 2 315.0 1.66 99.4 0.59 3
20.0 0.11 6.3 - 0.74 3 320.0 1.68 100.9 0.56 2
25.0 0.13 7.9 .21 5 325.0 1.7 102.5 0.53 2
30.0 0.16 9.5 1.81 8 330.0 1.73 104.1 0.50 2
35.0 0.18 11.0 2,63 12 335.0 1.76 - 105.7 0.47 2
.40.0 0.21 12.6 3.68 16 *340.0 1.79 107.2 0.45 2
45.0 0.24 14.2 5.47 24 345.0 1.81 108.8 0.42 2
50.0 0.26 15.8 8.41 37 350.0 1.84 1104 0.40 2
55.0 0.29 " 173 12.61 56 . 3550 1.87 112.0 0.38 - 2
60.0 0.32 18.9 . 16.50 73 360.0 1.89 113.6 0.36 2
65.0 " 0.34 20.5 20.50 90 365.0 1.92 1151 0.34 2
70.0 0.37 221 23.97 106 370.0 1.95 116.7 0.33 1
75.0 . 0.39 23.7 27.75 122 375.0 1.97 118.3 0.30 1
80.0 0.42 25.2 28.91 128 380.0 2.00 1199 0.28 - 1
85.0 0.45 26.8 28.07 124 385.0 2.02 121.4 0.27 1
90.0 - 0.47 28.4 26.38 116 390.0 2.05 123.0 0.26 1
95.0 0.50 300 24.18 107 395.0 2.08 124.6 0.24 1
100.0 0.53 31.5 -21.85 95 400.0 2.10 126.2 0.23 1
105.0 0.55 331 . 18.92 84 405.0 2.13 127.7 0.22 1.
110.0 0.58 34.7 16.08 71 410.0 2.16 129.3 0.21 1
115.0 0.60 36.3 14.19 63 415.0 2.18 130.9 0.20 - 1
120.0 0.63 37.9 12.61 56 420.0 2.21 132.5 0.19 1
125.0 0.66 394 11.04 49 425.0 2.23 - 1341 0.18 1
130.0 0.68 41.0 9.99 44 430.0 2.26 135.6 0.17 1
135.0 0.71 42.6 9.04 40 435.0 229 137.2 0.16 1
140.0 "0.74 44.2 8.20 36 440.0 ©2.31 138.8 0.15 1
145.0 0.76 45.7 7.36 32 445.0 2.34 1404 0.15 1
150.0 0.79 47.3 6.78 30 450.0 2.37 141.9 0.13 1
165.0 0.81 48.9 6.20 27 455.0 2.39 143.5 0.12 1
160.0 0.84 50.5 - 5.83 26 460.0 242 145.1 0.12 1
165.0 0.87 52.0 547 24 465.0 2.44 146.7 0.11 0
170.0 0.89 " 563.6 5.15 23 470.0 247, 148.3
175.0 0.92 55.2 4.84 211 - 4750 2.50 149.8
180.0 0.95 56.8 4.57 20 480.0 2.52 1514
185.0 0.97 58.4 4.31 19 485.0 2.55 153.0
190.0 1.00 59.9 4.10 18 490.0 2.58 154.6
195.0 1.03 61.5 3.87 17 495.0 2.60 156.1
200.0 1.05 .63.1 3.68 16 500.0 2.63 167.7
205.0 1.08 64.7 3.47 15 505.0 2.65 159.3
210.0 1.10 66.2 . 3.28 14 510.0 2.68 160.9
215.0 1.13 .67.8 3.10 14 515.0 27N 1624
T 2200 1.16 69.4 2.93 13 .520.0 273 164.0
225.0 1.18 71.0 2.75 12 525.0 2.76 165.6
230.0 1.21 725 2.63 12 530.0 279 167.2
235.0 1.24 741 247 1 535.0 2.81 168.8 .
240.0 1.26 75.7"° 2.33 10 540.0 2.84 170.3
245.0 1.29 77.3 222 . 10|~ 545.0 2.87 171.9
- 250.0 1.31 78.9 2.10 9 550.0 2.89 173.5
255.0 1.34 80.4 1.99 . 9 655.0 2.92 175.1
260.0 137 82.0 1.88 8 560.0 2.94 176.6
265.0 1.39 83.6 1.78 8 565.0 ©2.97 178.2
270.0 . 1.42 85.2 1.68 7 570.0 3.00 179.8
275.0 1.45 86.7 1.59 7 575.0, 3.02 1814
280.0° - 147 - 88.3 1.50 7 580.0 3.05 182.9
285.0 1.50 89.9 1.43 6 585.0 3.08 184.5
290.0 1.52 91.5 1.36 6 590.0 3.10 186.1
2950 1.55 93.1 1.28 6 595.0 3.13 187.7
300.0 1.58 94.6 .21 5 600.0 3.15 189.3

-/

ul

NOTES : Use for models including Design Point 2 (Basin F) for the PMP Local event




COLORADO PLATEAU UNIT HYDROGRAPH - 18-May-06

Design Point 3-10, 25, 100, 200 Propos_ed_Conditi_ons

Drainage Area = 0.1675 sq. miles Lg+D/2 = 0.71 Hours
Basin Slope = 77.56 ft./mile Basin Factor = 0.11
L= 1.34 mi., Length of Watercourse V'= 4.50 cfs/Day
Lca= 0.7 mi., Distance to Centroid Qs= 6.3 *q,cfs
Kn= 10.054 -, Ave. Weighted Manning's n
PARAMETERS:
Calculated: Lag Time,Lg=" 0.67 Hours Unit Duration, D = 7.31 minutes
Calculated Timestep = 2.14 minutes

Data to be used Unit Duration, D = 5 minutes, round down to nearest of 5, 10, 15, 30, 60. 120, 180, or 360

in Analysis  Selected Timestep = 5 minutes, integer value evenly divisible into 60
t
, Unit Inflow Hydrograph o
Synthetic USBR COLORADO PLATEAU
200 — -

180

160

140

8

DISCHARGE, (cfs)
8

™
(=3

60

40

20

0.00 0.50 100 150 - 200 " 250 300 " as0 400 450
‘ : TIME, (Hours) o

5 lﬁlnute intervali

17

2 - 41 97. 163 181 157 119 86
65 - a1 35 30 27 - 24 21 18 16
14 11 9 .8 LT 6 6 © 5 4
4’ 3 3 2 2 2. 2. 1 1
1< 1 1 . )




>

ul

ul
ul
ul
Ul
ul
Ul
ul .
' USBR calculated unitgraph peak = 183 Interpolated Peak = 181
Timet, % Qs [Timet, % - Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q . cfs
5.0 0.04 21 0.19 1 305.0 2.7 130.3 0.66 4
10.0 0.07 4.3 0.32 2 310.0- 2.21 132.5 0.63 4
15.0 0.11 6.4 0.48 3 315.0 2.24 134.6 0.59 4
20.0 0.14 8.5 0.74 5 320.0 2.28 136.7 0.56 4
25.0 0.18 10.7 1.21 8 325.0 2.31 138.9 0.53 3
30.0 0.21 12.8 1.81 1 330.0 2.35 141.0 0.50 3
35.0 0.25 15.0 2.63. 17 335.0 2.39 143.1 0.47 3
40.0 0.28 17.1 3.68 23 340.0 242 1453 0.45 -3
45.0 0.32 19.2 5.47 35 345.0 2.4 147.4 0.42 3
50.0 0.36 214 - 8.41. 53 350.0 2.49 149.6 0.40 3
65.0 0.39 23.5 - 12.61 80 355.0 '2.53 151.7 0.38 2
60.0 0.43 25.6 16.50 104 360.0 2.56 153.8 0.36 2
. 65.0 0.46 27.8 20.50 130 365.0 2.60 156.0 - 0.34 2
70.0 0.50 29.9 23.97 152 370.0 2.64 158.1 0.33 2
75.0 0.63 320 27.75 176 375.0 2.67 160.2 0.30 2
" 80.0 0.57 342 28.91 183 380.0 2.71 162.4 0.28 2
85.0 0.61 36.3 28.07 178 385.0 2.74 164.5 0.27 2
90.0 0.64 38.5 26.38 167 390.0 2.78 166.6 0.26 2
95.0 0.68 406 24.18 183 395.0 2.81 168.8 0.24 2
100.0 0.71 42,7 21.55 136 400.0 2.85 170.9 0.23 1
105.0 0.75 44.9 18.92 120 405.0 2.88 173.1 0.22 1
110.0 0.78 47.0 16.08 102 410.0 2.92 175.2 0.21 1
1156.0 0.82 49.1 14.19 90 415.0 2.96 177.3 0.20 1
120.0 0.85 51.3 12.61 80 420.0 2.99 179.5 0.19 1
125.0 0.89 534 11.04 70 425.0 3.03 181.6 0.18 1
130.0 - 0.93 55.5 9.99 63 430.0 3.06 183.7 . 017 1
135.0 0.96 57.7  9.04 57 435.0 3.10 185.9 0.16 1
140.0 1.00 59.8 - 8.20 52 440.0 3.13 188.0 - 0.15 1
145.0 1.03 62.0 7.36 47 445.0 3.17 190.2 '0.15 1
150.0 1.07 64.1 6.78 43 450.0 3.20 192.3 0.13 1
155.0 1.10 66.2 6.20 39 455.0 3.24 1944 0.12 1
160.0 1.14 68.4 . 5.83 37 460.0 3.28 196.6 0.12 1
165.0 1.18 70.5 5.47 35 465.0 3.31 198.7 0.11 1
1700 1.21 726 5.15 33 470.0 3.35 200.8
175.0 1.25 74.8 4.84 31 475.0 3.38 203.0
180.0 1.28 76.9 4.57 29 480.0 3.42 205.1
185.0 1.32 79.1 4.31 27 485.0 3.45 207.2
190.0 1.35 81.2 4.10 26 490.0 3.49 209.4
195.0 1.39 -83.3 3.87 . 24 4950 . 3.53 211.5
200.0 1.42 85.5 3.68 23 500.0 - 3.56 213.7
205.0 146 87.6 3.47 22 505.0 3.60 215.8
2100 - 1.50 89.7 3.28- 21 510.0 3.63 217.9
215.0 1.53 91.9 3.10- 20 5150 3.67 220.1
2200 - 1.57 94.0 2.93 19 520.0 3.70 222.2
225.0 1.60 96.1 . 275 17 525.0 S 374 -224.3
230.0 1.64 98.3 2.63 17 530.0¢ © 377 226.5
235.0 -1.67 100.4 2.47 16 " 535.0 3.81 22886
. 2400 1.71 "102.6 2.33 15| . , 540.0 - 3.85 | 230.7
245.0 1.74 104.7 222, 14 545.0 .3.88, 232.9
250.0 1.78 . 106.8 -2.10 13 550.0 .3.92 2350 -
255.0 1.82 109.0 1.99 13| - -555.0 "3.95 2372 .
260.0 - . 1.85 1111 1.88 - - 12 560.0 . - 3.99 . 2393
265.0 . 1.89 -113.2 1.78 - 1" . 665.0 4,02 2414
270.0 0 1.92 "115.4 . 1.68 1 - 5700 - 4,06 243.6
275.0 1.96 117.5 1.59 - 10 5§75.0 4.10 245.7
280.0 1.99 119.6 1.50 9]  ~-580.0 - 413 247.8.
285.0 2.03 1218 143 . . 9] 5850 417 250.0
290.0 - 2.07 1239 1.36 9| " 590.0 4,20 252.1
295.0 2.10 126.1 1.28 8 595.0 4.24 254.2
300.0 2.14 128.2 1.21 8 600.0 4.27 2564

NOTES : Use for models including Design Point 3 (Basin C) for the 10, 25, 100 and 200 year events




COLORADO PLATEAU UNIT HYDROGRAPH'

Design Point 3-PMP Proposed Conditions |

18-May-06

Drainage Area = 0.1675 sq. miles Lg+D/2 = 0.56 Hours
Basin Slope = 77.56 ft./mile Basin Factor = 0.11
' L= 1.34 mi., Length of Watercourse V= 4:50 cfs/Day
Lca= 0.7 mi., Distance to Centroid Qs= 8.0 *q,cfs
"Kn=. 0.042 -, Ave. Weighted Manning's n '
PARAMETERS:
Calculated: Lag Time, Lg = 0.52 Hours Unit Duration, D = 5.69 minutes
Calculated Timestep = 1.69 minutes

Dat.a to be used Unit Duration, D =
in Analysis  Selected Timestep =

5 minutes, round down to nearest of 5, 10, 15, 30, 60, 120, 180, or 360
5 minutes, integer value evenly divisible into 60

Unit Inflow Hydrograph
Synthetic USBR COLORADO PLATEAU
250 — ,
200
g 150
uf
e
S
2
_Q 100
.50
0 ‘
0.00 0.50 1.00 150 200 2.50 300 3.50 400
. TIME, (Hours)
Ul Record - Unit Graph 5 minute interval
ul 4 14 42 127 216 214 157 105 75 56
Ul 45 38 32 27 23 19 17 14 - 12 10
Ul 9 7 6 5 4 4 . 3 . 3 2 2
Ul 2 1 1 1 0 :
ul £
Ul
Ul
Ul
Ui
Ul
Ul
ul
ut




ul
~u
ul
ul
ul
ul
ul
USBR calculated unitgraph peak = 231 Interpolated Peak = 216
Time t, % Qs |Timet, % . Qs
of Lg+D/2 Hours Min q cfs |of Lg+D/2 Hours Min. q cfs
5.0 0.03 1.7 0.19 2 305.0 1.72 103.1 0.66 5
10.0 0.06 34 0.32 3 310.0 1.75 104.8 0.63 5
15.0 0.08 5.1 0.48 4 315.0 1.77 106.4 0.59 5
20.0 0.11 6.8 0.74 6 320.0 1.80 108.1 0.56 4
25.0 0.14 8.4 1.21 10 325.0 1.83 109.8 . 0.53 4
30.0 0.17 10.1 1.81 14 330.0 1.86 1115 0.50 4
35.0. 0.20 11.8 2.63 21 335.0° 1.89 113.2 - 0.47 4
40.0 .0.23 - 135 3.68 29 *340.0 1.91 1149 0.45 4
. 45.0 0.25 156.2 547 44 345.0 1.94 | 116.6 0.42 3
50.0 0.28 16.9 8.41 67 350.0 1.97 118.3 0.40 3
55.0 0.31 18.6 12.61 101 . 355.0 2.00 120.0 0.38 3
60.0 0.34 20.3 16.50 132 360.0 2.03 121.6 0.36 3
65.0 0.37 22.0 20.50 164 365.0 2.06 123.3 0.34 3
70.0 0.39 23.7 23.97 192 370.0 2.08 125.0 0.33 3
75.0 0.42 25.3 27.75 222 375.0 2.11 126.7 0.30 2
80.0 0.45 27.0 28.91 231 380.0 2.14 128.4 0.28 2
85.0 0.48 28.7 28.07 224 385.0 2.17 130.1 0.27 2
90.0 0.51 30.4 26.38 211 390.0 2.20 131.8 0.26 2
95.0 0.54 321 24.18 193 . 395.0 2.22 133.5 0.24 2
100.0 0.56 33.8 21,55 172 400.0 2.25 135.2 0.23 2
105.0 0.59 35.5 18.92 151 405.0 2.28 136.9 0.22 2
110.0 0.62 37.2 16.08 129 410.0 2.31 138.5 0.21 2
1156.0 0.65 389 14,19 113 416.0 2.34 140.2 0.20 2
120.0 0.68 40.5 12.61 101 420.0 2.37 1419 0.19 2
125.0 0.70 42.2 11.04 88 425.0 2.39 143.6 '0.18 1
130.0 0.73 43.9 9.99 80 430.0 2.42 145.3° 0.17 1
135.0 0.76 456 9.04 72 435.0 2.45 147.0 0.16 1
140.0 0.79 47.3 8.20 66 440.0 " 248 148.7 0.15 1
145.0 0.82 49.0 7.36 - 89 445.0 2.51 1504 0.15 1
150.0 0.84 50.7 6.78 54 450.0 2.53 162.1 0.13 1
155.0 0.87 52.4 6.20 50 455.0 2.56 1563.7 0.12 1
160.0 0.90 54.1 5.83 47 460.0 2.59 155.4 . 0.12 1
165.0 0.93 55.8 5.47 44 465.0 2.62 157.1 0.11 1
1700 0.96 57.4 5.15 41 470.0 2.65 158.8
175.0 0.99 59.1 4.84 39 475.0 2.68 160.5
180.0 1.01 60.8 4.57 37 480.0 2.70 162.2
185.0 1.04 62.5 4.31 34 485.0 273 163.9
190.0 1.07 64.2 4.10 33 490.0 2.76 165.6
195.0 1.10 ~ 659 3.87 31 495.0 2.79 167.3 .
200.0 1.13 67.6 3.68 29 500.0 2.82. 169.0
205.0 1.15 . 69.3 347 28 " 505.0 2.84 170.6
2100 1.18 71.0 3.28 . 26 510.0 2.87 1723 .
215.0 1.21 726 3.10 25 515.0 2,90 174.0
- 2200 " 1.24 74.3 2.93 23 520.0 2.93 175.7 -
225.0 1.27 76.0 2.75 22 525.0 - 2.96 177.4.
230.0 1.30 777 2.63 21 530.0 298 . 179.1
235.0 - 1.32 794 247 .20 535.0 . 3.01 180.8
240.0 1.35 81.1 2.33 19 540.0 3.04 - 182.5
245.0 1.38 82.8 2,22 18 545.0 3.07 184.2
250.0 1.41 84.5 2.10 7 56500 " - 3.10 185.8
255.0 1.44 - 86.2 1.99 16 |. 555.0 3.13 187.5
260.0 -1.46 87.9 1.88 15 - 560.0 3.15 189.2
265.0 1.49 89.5 1.78 14 565.0 3.18 © 190.9
270.0 1.52 91.2 1.68 13| ° '570.0 - 3.21 192.6
275.0 1.65 . - 929 1.59 13 575.0 3.24 194.3
280.0 1.58 - 94.6 - 1.50 12 - 580.0 3.27 196.0 -
285.0 1.61 96.3 1.43 " 585.0 . 3.29 197.7
290.0 1.63 98.0 1.36 11 590.0 3.32 199.4
295.0 1.66 99.7 1.28 10 595.0 . 3.35 201.1
300.0 1.69 101.4 1.21 10 600.0 3.38 202.7

\/

NOTES : Use for models including Design Point 3 {Basin C) for the PMP Local event




Appendix B

Local Storm PMP Depth-Duration
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Table 6, 3A.--Loca1-storm PMP comput:at:ion, Colorado River, " Great Basin ‘and
California drainages. ' For drainage average depth PMP. Go to6

' HMK No.49 table 6.3B if areal variation is required.
Drainage Crescen\:Ju-«_-Lo.\ D,swgl <: -Le, Afea le_.“ f/vq / miz,ﬂdﬁz)/
Latitude 33°s7'so” Longitude 109%ggo b Minimum Elevation 4940 ft /(—m’(

(3%-9¢° : 105.80°)
Steps correspond to those in sec. 6.3A.

1. Average 1-hr 1-miZ, (2.6-kn2) PMP for C g in, (pd)
drainage [fig. 4.5]. : -

2. 'e. Reduction for elévation. tNo. adjustment @,,,,_ N_i 'J)
- for elevations up to 5,000 feet (1,524 m): : :
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. . loo %
b, Multiply step 1 by s’t'ep 2a. o g. in. (tr() .

3. Average 6/1-hr ratio for drainage [-fig..'l;' 71. | 1.

Duratlon (hr)
: : . £»~~Tﬁ»1f23/41 2 3 & 5 6
. 4, Durational variat:lon ) .

t ) . for-6/1~hr ratio of

step 3 [table 4. 4] Fb 3k 93 97 loo_ 107 109 ,_up__ng_ug_ % o 2| v
5. 1~mi? (2.6-km?) PMP for - ‘ -
indicated durations : g
. [step 2b X step 4].45 7.1 7.. %.0 8L 5.9, 8.9 fo 30 3.0 (mé)
by T
6. Areal reduction ' : i 2 A0
" Lol 4.9). . 6\ 4 er 7 7 T gp 80 s g2 ¥ . 2T

/

7. Areal reduced PMP

[steps 5 X 61. 27 43 51 51 608 67 49 1_;73 1.4 in. (9()

8. Incremental PMP :

" [successive subtraction . T )
in step 71. T -6.0 4.1 0.1 0.3 0I o.l in. (;x{)

43 - 0.8 0.6 .03 ) 15~min. increments

9, Tine sequence of incre~ -

. mental PMP according to: : :
' T T - HMR No,S

. "Hourly increments . : . P -

[table 4.7]. . . 0l_03 ¢007 ox o) in; (76)

Four largest 15-m1n. ’ . ) :
increments [table 4.8]. ’ 4% 0.8 6.6 9.3 in. '(?4:\)




s

Table 6,3A.--Llocal-storn PI;IP computation, Colorado River,- Great Basin and
: California drainages. For drainage average depth PMP. Go té
HMR No. 49 table 6.3B if areal variation is rcquired. 51

rae - e rm s e

Drainage thkcel"JMﬂt.";O’\ Die <. lg Area ,én%d 2/‘1662)/ ’
Latitude 38°s3’'sc” Inngiffile 109°4g8 00 &2 Minimum Elevation qz ft /(am’/

(3%-96°) T (105.20°) , :
Steps correspond to those in sec. 6.3A. _ k

1. Average l-hr l—mi (2.6-km ) PMP for ' ’ B.2- in, (}()
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment éjo,,,_ "7'“/) ;
for elevations up to 5,000 feet (1,524 m): : :
5% decrease per 1,000 feet (305 n) above ;

5,000 feet (1,524 m)]. ) {00 4
b, Multiply step 1 by step 2a. . g+ - in. (%) ‘

3. Average 6/1-hr ratio for drainage [fig. 4.7]. -1

Duration (hr)
5~~1/41/23/4 1 2 3 4 5 6

: 4. Durational wariation .
k ,) for 6/1-hr ratio of ; .
step 3 [table 4.4). &5 26 93 97 ‘loo 107 109 Mo M O % e &

5. 1~pi’ (2.6-km®) PMP for -
indicated durations ' '
- wh)

[step 2b X step 4].4.5 7.1 7.4 3.0 8L 8.8 8.9 20 %0 90" in. (

6., Areal reduction Qw A 7 97 98 98 9B G5 7< ‘?7 ‘ /,? 'm'.L
[£ig. 4.9]. [ 24 (/AT.ZL'P"JV_K%‘%_&Z &z
‘7. Areal reduced PMP t/-% 68 7Y 7% B.o F.b 5 87 5"/
[steps 5 X 6]. 2’7 433 51 54 ¢0 6. _&15 X4 in. () :
8. Incremental PMP , R -
[successive subtraction &0 V'”.-O'/ 8% 0900 - /
in step 7]. _ %] -pd oA 23 gd ezl in. '(yx()

4-:3’. 0.8 06 O¢5 } 15-min..-1nc:'ement};

A oy 0.2
9. -Time sequence of incre-”ﬁ 2 _
mental PMP according to:

. HMA No, S ' - B :
Hourly increments = - o0 02 3 Yol NA % 0: P :
[table 4.7]. ' : Q, 06 ’_@go_q_ ox od in. (?4) :

Four largest 15-min. o _
increments [table 4.8]. 43 0.8 o6 o3 in. (ﬁ)

b gy O cr
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Table 6.3A.--Local-storm PMP cohputatior_x, Colorado River, Great Basin and
California drainages. For drainage average depth PMP. Go t6
HMR, No.4f) table 6.3B if areal variation is required. =/

Drainage Crescend Junclion Dig Sile Arca _les—thrr4— miz,(,ktﬁz)/
:lfﬁzle /k(

Latitude 33°s7'so*  Longi 109°4g oo L) Mininum Elevation 4940 ft
(3%.96° (105.95°)
Steps correspond to those in sec. 6.3A.

1. Average l-hr 1-'ni (2. 6-km ) PMP for i 8.2 “in, (/v()‘
drainage [fig. 4.57. .

2. a. Reduction for elévation. [Yo adjustwent @,.,,_ re J)
for elevations up to 5,000 feet (1,524 m): 4
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 'm)]. . o loo %
b. Multlplv step 1l by step 2a. : & in, ()

3. Average 6/1-hr ratio for drainage [flg. 4. 7]. 1.

Duration (hr)
: £~ 374 172 376 1 2 3 & 5 6
4, Durational variation
for 6/1~hr ratio of

step 3 [rable 4.4). 55 36 93 97 Joo ioz_l_o);,ug__np_uo_' % e
5. 1-mi’ (2.6-kn®) PMP for - |

indicaced durations

[step 2b X step 4].4.5 7.1 7.C 8. ?L 8.8 89 7o 90 9.0 (mé)

b S
6, Areal reduction FZ2 %2 7/ G5 40 & 77 97 97 ¢85 _7/;“"
 [£ig. 4.9]. B\ 4 e 37 B e g 8O 8 ga- z

7. Areal reduced PMP / 70 AR A 7.9 . 54 S 57 57 55/

[steps 5 X 6], ﬂj SA5T o 6’7‘5# 7 75 14 in, (?\()
8. Incremental PMP : : .

[successive subtraction 7705 0.2 o 0 ol .

in step 71]. .\‘ 4.5 0’ gé' 41003 0. o.1 in. (yd)

4»3 0,8 é. }lS-mln. ‘increments

9. Time sequence of :incre-
mental PMP according to: .

_, HMR No % , , o
tiourly increments - - ol 27905 8, O.©
[table 4, 71. - C G ok 60 01.-0% o) in, (yé)
Four largest lS-x.un. s 65 ol /7,-9 S
0.6

increpments [table 4.8]. - - fé__'g_g;___.u in. (%n)

-2
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Table 6. 3A.-—Local—st:orm PMP computation, Colorado Rlver,

Great Basin ‘and

- California drainages. For drainage average depth PMP. Go to
HMK No. 49 table 6,3B if areal variation is required. 2.7
Drainage ( geni— J'u—d,o-. Dicpacel Sile Area leotit m12 ,(kﬁz)/
Latitude 33°53'so” Long f de (09%4g Qow Minimum Elevation qz ft ,Qm’(
(3¢-9°) 103.23°)
Steps correspond to those in sec. 6.3A. )
1. Average l-hr l-mi (2. 6-km ) PMP for ' _ B.2 in.’ (}n6

. 2 e

9.

drainage [fig. 4. 5].
a. Reduction for elevation. [No adjustment. @,,,,_ ,\‘7 g/)
: for elevations up to 5,000 feet (1,524 m): :

. 5% decrease per 1,000 feet (305 m) above

5,000 feet (21, 524 m)]. loo
b. Multiply step 1 by step 2a. . £.-
Average 6/1-~hr ratio for drainage [fig. 4.7]. 1.1

Duration (hr)

Durational variation
for 6/1-hr ratio of

step 3 [table 4.4]. 5536 9% _7_‘)__1@___7,_)_);_\1__“9_ uo

1—mi (2. 6—km ) PMP for
indicated durations

fn‘«1/41/23/41 2 3 &4 5 6 -

N

[step ZbXstep 4]. 45 7.1 1.t 8.0 31 8.8 89 %o 90 9.0 in.
Axeal reduction 92 92 94 95 96 96 96 97 97 ©7
[€ig. 4.9]. Lt HAZ_ A 7Y B Bt 22 %
Axeal re.duce('l__PMP 4.\ ér 7 I 7.6 77 g4 4¢ <97 87 87
[steps 5 X 6]. _4-3‘,5’1 BT bb T £ FE I A in.
Incremental PMP ’
[successive subtraction. 9 of D 1 0.2 00 o0
in step 7]. ‘ s DGD\;L’OM &_%M—o’f'ie.
,4;-3 o8 .916 0.5 } 15-min, increments
Time sequence of incre- . B ‘
mental PMP accordmg to: - S
HMR. No,5
" Hourly increments 0.0 0.2 7.9 r o4 0.0
[table 4.7]. - GT_e% .64 8 o1 in.
Four largest 15-min. . 6 0.6 0.5' . _
increments [table 4.8]. . 43 o8 ot 0.3 in. (ym)
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Table 6,3A.--Local-storm PMP computation, Colorado River, Great Basin and
. . California drainages. For drainage average depth PMP. Go to6
HMR No. 49 table 6.3B 1f axeal variation is required. ' '

" 35 -
" Drainage ’c_rig_ce;\":fuu-‘w—\ D"f'g l s '-g' Area —%_. mil ,a;(“éf)//
ud

Latitude 33°s59'ss” Long e 109%y go 0 L Minirum Elevation 4940  ft

(3%.9¢° (125.22°)
Steps correspond to those in sec. 6.3A.

1. Avei':age 1-hr 1--::112 (2.6-l:m2) PMP for . B.2 in, (/u{)
drainage [fig. 4.5].

2. a. Reduction for elevation. [Wo adjﬁstment éj,,‘,_ ,.,_7 d) .
' for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 w)]}. lgo Z
b, Multiply step 1 by s’t'ep 2a. - £.1 in. (nfn)

3. Average 6/1-hr.ratio for drainage [fig. 4.7]. 1.1

Duratlon (hr)
fm1/41/23/4 1 2 3 4 5 6
4, Durational variation-
for 6/1-hr ratio of

.

step 3 [table 4.4]. §% 24 95391 loo __g]__x_y_,ug__uu_uo_ % 2|
5. 1-mt? (2.6-kn?) PMP for ~ P
indicated durations
. [step 2b X step 4}.4.5 7.1 7. 8.0 81 5.8 89 Jo %0 9.0  in. (lvé)
6. Areal reduction 82 28§ .9 G2 93 FY 75 7.5 ¢ L . /‘LW‘"
[£1g. 4.9]. SU @ ) e 18 80 8§ % €

‘?,,,f”

7. Areal reduced.PMP Y0 L2 G 7Y 7L B3 85 B Eb 86
[steps 5 X 6]. Z/Tiésffszry_é_ Mr«z.m'z

8. Incremental PMP .
[successive subtraction ’
in step 7]. - o 600? o?. 6.3 0.1 o.1 in. (y‘{)

45 0.8 0.6 0.3 } 15—min. increments

9. Time sequence of incre-
‘mental PMP according to: .
T HMR NG.S

‘Hourly increments - - B
[table 4.7]. - . ) . 01 03 (o007 cx o  in. (?4)

Four _largést 15-min. _ SR
increments [table 4.8]. 43 0.8 0.6 -0.3 in. (741,)

4 in. (7()
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Table 6. 3A.-——Local—stom Pm’ computation, Colorado River,

California drainages.

Great Ba
" For drainage average-.depth PMP.

sin and
Go to

HMR No.49

table 6.3B if areal variation is requ:.red.

Dra:mage grescen!—:ru—\ul.m D.sﬁs A Sihe st wi? ,Qhﬁé)/
Latitude 33°s3’ 50" Longitude 109° 4820“ Minimum Elevation 42 ft ,énf(

Area

g

(3%-9¢° 103.22°)
Steps correspond ‘to those in sec., 6.3A. ) .
1. ' Average l—hr l-mi (2 6~ km ) PMP for B.Z in. (/m{
_ drainapge [fig. 4.5]. -
2., a. Reduction for elevation. [No adjustment él,“_ reg g/}
o ' for elevations up to 5,000 feet (1,524 m): .
5% decrease per 1,000 feet (305 m) above
5,000 feet (1,524 m)]. loo %
" b. Multiply step 1 by s’t'ep 2a, A in. (7‘)
3. Average 6/1-hr ratio for drainage [fig. 4.7].‘ 1.1
' Duration (hr)
_ SewiJ5i/23/46 1 2 3 & 5 6
4, Durational variation
\_/ for 6/1~hr ratio of : : '
step 3 [table 4.4].5¢ 34 _ 93 97 loo 107 109 Wo Wb Ho %
5. l-mi’ (2.6-km’) PMP for
indicated durations
[step 2b X step 4]1.4.5 7.1 ]L 3.0 9L 8.8 39 2o %o 9.0 in. (mé)
6. Areal reduction 1€ 7¢ 30 92 9¢ b 47 9¢ I 49
. [fig. 4.9]. AT G B At I B0 8 P2 %
7. Areal re-duced..PMP 34 54 6.1 66 €9 76 11 719 7.9 §.0 , .
[steps 5 X 6]. 43 51 5 bt Lr £ B 13 4 in. ('?'{)-
8. Incremental PMP | o o
[successive subtraction 69 .\ 0,200
in step 7]. 470 01 oL &8 »11 o.l-".pt{
step 7] 5‘4‘0. 0.5 == ,.m(v)
. 45 78 £6.0.3 )} 15-min. increments '
9. Time sequence .of ,inc_i:e4 C o
mental PMP according to: :
o T  HMR No. 8 . - ;
. Hourly increments' ‘ o 69 ol 00 -
[table 4.7]. Ol o> 4D o7 €L < in. (?4)
Four .largest 15-min. 4 7-0.5
increments [table 4.8]. - A3 8-641 0.3 in. (yén)

o
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Table 6,3A.--Local-storm PMP computation, Co_lofado River, Great Basin 'and

.- . California drainages. ' For drainage average depth PMP.
HMR No.49 table 6.3B if areal variation is- required.

(3¥-96°) © (103.20°,
Steps correspond ‘to those in sec. 6.3A:

1. Average l-hx l-mi’.(2. 6-km ) BMP for B
dra.:mage [fig. 4.5]1.

2. a. Reduction for elevatlon. [No adjustment @"‘" re J)
- : for elevations up to 5,000 feet (1,524 m): 7

.5% decrease per 1,000 feet (305 m) above

5 000 feet (1,524 m)]. . loo

b. Multiply step 1 by_step 2a. _ . &.
" 3. Average 6/1~hr ratio for drainage [fig. 4.7]. 1.
. . Duration (hr)

: 5w~1]41f2‘3/41 2 3 4 5.6
;- 4. Durat:mnal variation )

for -6/1-hr ratio of
step 3 [table 4.4]. 5’5 34 93 91 loo lo7 J09 10 o Mo uo

5. 1~mi (2. 6-km ) PMP for
indicated durations

[step 2b X step 41, 95 2.1 ]c 8.0 81 88 89 %0 9.0 9.0
6. Areal reduction 67 67 732 726 7% §1 4t §3 % gs”
. [fig. 4.9]. AL 4T F A A AT B 8 52
7. Areal reduced PHP 30 48 £S5 6.1 64 70 7.2 7.5 76 77
. [steps 5 X 67. A‘S‘MH&GM”&M
8. Incremental PMP

[successive subtraction 64 06 _

in step 7). - 43 67 LA 02 03 ol i)

A8 08 0.6 05 } 15-min. increments

9, Time sequence of incre- -
mental PMP accoxding to:

Go t6

Drainage gggen"_—Jw\cLo-\ D:sﬁg el S l.c_ ) Area -ﬁuz:sdz,-:/
" Latitude 33°sy’so’ Long:l. ude 109% 4ggaw Minimum Elevation 42 ft

m'.gm

%

in, (-;K)

e

in.

in.

in.,

. CHMR No, 5. : ‘

. Hourly increments ‘ : G 4 o, £ o
[table 4.7]. - oo S Q03 -61621_ oz 0. in.
Four largest 15-min. ' 4.8 0.7 :
increments [table 4.8]. ' A3 &ﬁoé 0.3 in, (yén)
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establish the basic depth-duration curve, then structure a.variable set of

depth=duration curves to cover the range of &4/1-hr ratios that are needed.

Three sets of data vere comsiderad for ohrhingng a hase relation (see
table 4.3 for depth-duration data). to ’

a. An average of depth-duration relations from éach of 17 greatust J-hr
rains from summer storms (1940-49) ic Utalh (U. $. Weather Burcau 1951b) and
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr
amounts ranged from 1 ro 3 inches (25 to 76 mn) in thése events.

b. .An average depth-duration felation, from 14 of the most rene shorg-
i A ge depth~durati relat fr 14 of the most extrene shor
dnration storms listed in Storm Rainfall (U. §. Aray, Corps of Engincers
1345- 3, These storms come from Eastern and Central 3tates and have 3-hr

amounts o 5 to 22 inches (127 to 959 uma).




-~

raties than storms with high 3/1-hr ratics. The geographical distributien
of 15-nmin to I-hr ratios also were inverscly correlated with magnitudes of
the 6/1-hr vaties of figoure 4.7. For exanmple, Los Angeles and San Diego
(high 6/1-hr ratios) have low 15-min to l-hkr ratios (approximately 0.60)
whereas the 15-min: te 1-hivr ratios in Arizona and Utah (low 6/1-hr ratios)
vere generally higher (approximately 0.75).

Depth-duration relarions [or durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3.° Adjustment was . necessary to some of the
curves to provide smonther relations through the common point at 1 hour.

We believe we were justified in reducing the meaber of the curves shown din
figure 4.3 for durations less than 1 hour, letting onc curve apply to a
range of 6/1-hr raries. The correspending curves have been indicated by
letter designatoers, A-D, on figure 4.3. As an exanple, for any 6-hr amount
between 115% and 135% of l-hr, 1-mi? (2.6-kn2) PMP, the associated values
for durations less than 1 hour are obtained frem the curve chlbuaced as "B".

Table 4.4 lists durational variations in percent of lI-hr PMP for selected
6/1-hr rain ratios. These values vere interpolated from [igure &4.3.

To determine 6-hr P2 for a Lasin, use figure 4.3 (or table 4.4) and the
geogrnpnical distribution of 6/1-hr ratios given in figure 4.7.

Table 4.4.~-Durational variation of l-mil (2.6-km?) local-storm PMP
in percent of 1-hr PMP (sec f{igure 4.3)

6/1-hr ' Duration (hr)

ratio 1/4 L/2 3/4 1 2 -3 4 5 6
1.1 &6 .93 97 100 107 109 110 110 110
1.2 74 89 95 100 110 115 118 115 120
1.3 74 B 95 100 114 121 125 128 ~ 130
1.4 63 83 93 100 118 126 132 137 140
1.5 63 ° 83 93 100 121 132 140 145 150
1.6 &3 70 87 100 -~ 124 136 147 154 160
1.8 L3 70 ‘87 100 130 149 . 161 171 . 180
2.0 43 70 ‘87 100 © 137 161 " 175 188 200

A

4. Depth Area Pplatwn

We hnwc thus far developed local-storn PP for an arca of 1 1iZ (2.6 km?).-
To apply PMP to a lLasin, we need to determine how 1-mi? (2.6~ kml) mp ah0uld
decrease with increasing arca. We have adopted depth-area relations based
on aln{nlls in the Scuthwest and from cou31deration of a model thnndercLorn




\\ rions
. SOnv ET aifa
\ wim e
- \ I H i
Kl \ 1y \ v
- A \ o s EXY
\ \ \ \ 2 (X% ‘e?
! \ oy £ 1! Tes
) \ : \ 0 \ ' EYARTY
i P 4 I 175 ara
1 \ - 3G rry
| ' . 4
H 141 93y
it tern. !
! ) ! , s o 129¢
. !
N
Vo
bt
/1
i
i f
/ !
/o
St
A
[eaS N teal
’ /
/ a : . N .
k / [ S S SR
, : . 3 L I T ae
7
/ SCALR
t 460,00

storm period. The sequence of hourly incremental PMP for the Southwest 6-br

thunderstorm in accord with this study is presented in column 2 of table
4.7. A small variation from this sequence is given in Engineering Manual
T11G6-2-1411 (U, S. Army, Corps of Engincers 1965).
celumn 3 of table 4.7, places greater incremental amoants somewhal more
toward the end of the b-hr storm period. iIn application, the-cvhoice of
either of these distributions Is

be more critical in a1 speciflic

The latter, listed f(a

left to the user since one may prove (o
case than -the other.

Table 4.7.-~Time scoqguence for hourly incremental PMP in 6-hr storm

. y . -

HMR No. 5 EMLLIO-2-1411
Increment Sequence Positinn

Largest hourly amount , .Third Fpurch

2nd largest . . "Fourth Third

Ird largest - Second - - Firgh

4th largest - ' Fifth Second

S5th largest . First _ Last

least ' lLast . : First

. 5. Weather duresn (947,

SHL05. Corps of Fraiseers Lol




N
.

Also of importance is Lhe sequence of the {our 15-min dncremental PMP
values., We recomnend a tine distribution, table 4.8, giving the greatest
intensity in the first 15-nin Interval (U.S. Weather Bureau 1947)., This
i based on data from a broad geographical region. Additional support for
thies time discriburion is found in the reports of specific storms by Keppell
(1963) and Osborn and Renard (1969)

table 4.8.=--Time scquence {or I5-min incremental PHMP within I he.’
1

Increment Sequence Position
Largest 15-min amount First
2nd largest second
3rd larpest Third
least Last

4.8 Seasonol Distribution

The time of the year when local-storm PMP 1s most likely is of interest.
Cuidance was obtained from analysis of the distribution of maximum l-hr
thunderstorm cvents through the warm seeson at the recording stations in
Uitah, Arizona, and in southemm California (south of 37°N and east of the
Sierra Nevada ridgeline). The pevied of vecord used was for 1940-72 with an
average record lenpgth for the stations considered of 27 years. The month
with the one greatest thunderstorm rainfall fox the period of record at each
station was noted. The totals of rhosn events for each month, by States,

are shown in table 4.9.

Table &4.9.-~Seasonal distribution-of tlhunderstorm rainfalls

(The maximum event at each of 108 sravions, period of record 1940-72.)

Honth

M Jl o b.n S 0 No. of Cases
Utah 1 5 9 1 s 34
Arizona 4 16 19 4 T ‘ 43
§. Calif,# 14 16 7 o s 31
Ne. of cases/mo. 1 Z3 an 46 Ty 0

*South of 37°N and east of S\Prrl Kevada Lidgclinc.




‘Appendix C

HEC-HMS Output




Project: Crescent Junction Ex Simulation Run: CW 25 i

Start of Run:  01Jan2006, 00:00 Basin Model: Crescent Wash-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr

Compute Time: 18May2006, 13:20:23 Control Specifications: 1 day at 5 min step -

Volume Units: IN

Hydrologic |Drainage Area |Peak Dischafge Time of Peak Volume -
Element (MI2) (CFS) (IN)
Crescent Wash22.5600 297547 01Jan2006, 14:15 0.49
-70 22.5600 - 1297547 01Jan2006, 14:15  [0.49




Project: Crescent Junction Ex Simulation Run: CW 100

Start of Run: . 01Jan2006, 00:00 Basin Model: ‘Crescent Wash-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  100-yr 24-hr
Compute Time: 18May2006, 13:20:55 Control Specifications: 1 day at 5 min step

Volume Units; IN

Hydrologic |Drainage Area |Peak Discharge| Time of Peak Volume
Element (MI2) ~ |(CFS) ' - (IN)
Crescent Wash22.5600° .1 56982.86 01Jan2006, 14:10 0.98
I-70 22.5600 5982.86 01Jan2006, 14:10 0.98




Project: Crescent Junction Ex Simulation Run: CW PMP Local

Start of Run:  01Jan2006, 00:00 Basin Model: - Crescent Wash-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: -PMP Local 22 sq mi
Compute Time: 18May2006, 13:06:09 Control Specifications: 1 day at 5 min step

Volume Units: IN

| Hydrologic | Drainage Area |Peak Dischargé Time of Peak Volume
Element (M12) ' (CFS) . (IN)
Crescent Wash22.5600 - 1 45196.66 01Jan2006, 04:40 6.11
Sink-1 : 22.5600 45196.66 01Jan2006, 04:40 6.11




Project: Crescent Junction Ex Simulation Run: BASIN 1-100

Start of Run:.- 01Jan2006, 00:00 Basin Model: ' Basin 1-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  100-yr 24-hr

Compute Time: 18May2006, 13:22:10 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic Drainage Area |Peak Discharge Time of Peak Volume
Element (Mi2) (CFS) _ _ | (IN)
.~ | Basin 1 2.6300 2135.13 01Jan2006, 12:35 0.99
"|DP 6 2.6300 2135.13 ' 1014an2006, 12:35 0.99




Project: Crescent Junction Ex Simulation Run: BASIN 1-PMP LOCAL

Start of Run:  01Jan2006, 00:00 Basin Model: Basin 1-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local 2.7 sq mi

Compute Time: 18May2006, 13:22:40 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic |Drainage Area |Peak Discharge| Time of Peak Volume
Element MI2) - (CFS) ' : (IN)
Basin 1 2.6300 21287.52 01Jan2006, 03:25 7.77
DP 6 2.6300 21287.52 . 01Jan2006, 03:25 7.77




Project: Crescent_Junction_Pr Simulation Run: Basin 1-100

Start of Run: 01J_an2006, 00:00 Basin Model: Basin 1-event
End of Run:  02Jan2006,00:00  Meteorologic Model:  100-yr 24-hr
Compute Time: 18May2006, 13:41:52 - Control Specifications: 1 day at 5§ min step

Volume Units: IN

Hydrologic - | Drainage Area | Peak Discharge| Time of Peak Volume
‘| Element (MI2) (CFS) 4 | (IN)

Basin 1 Routed2.6300 - 12210.10 01Jan2006, 12:35 1.00

DP 6 2.6300 " [2210.10 01Jan2006, 12:35 . |1.00




Pfoject: Crescent_Junction_Pr  Simulation Run: Basin 1-PMP .

Start of Run:  01Jan2006, 00:00 Basin Model: Basin 1-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local 2.7 sq mi
Compute Time: 18May2006, 13:42:53 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic |Drainage Area |Peak Discharge| Time of Peak . Volume
Element (MI12) ' (CFS) ' (IN)
Basin 1 Routeg2.6300 21321.77 01Jan2006, 03:25 10.80
DP 6 2.6300 21321.77 01Jan2006, 03:25 10.80




Project:- Crescent Junction Ex Simulation Run: BASIN 2-25

Start of Run; 01Jan2006, 00:00 Basin Model: o Basin 2-event
End of Run: -~ 02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr

Compute Time: 18May2006, 13:24:57 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic |Drainage Area Peak Discharge| Time of Peak Volume
Element (Mi2) . | (CFS) / (IN)
Basin 2 "~ 18.9600 1726.31 01Jan2006, 13:30 0.49

RR Bridge 8.9600 - - |1726.31 01Jan2006, 13:30 049




]

Project: Crescent Junction Ex Simulation Run: BASIN 2-100

‘Start of Run:  01Jan2006, 00:00 Basin Model: Basin 2-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  100-yr 24-hr
Compute Time: 18May2006, 13:26:09 Contro! Specifications: 1 day at 5 min step

Volume Uriit's:' IN

‘ Hydrologic | Drainage Area | Peak Discharge| Time of Peak Volume
Element (MI2) . |(CFS) (IN)
Basin2 8.9600 3453.04 01Jan2006, 13:30 10.99

| RR Bridge 8.9600 3453.04 ' 01Jan2006, 13:30 0.99




Project: Crescent Junction Ex Simulation Run: BASIN 2-PMP

‘Start of Run: O1Jan2006,~ 00:00 Basin:Model: Basin 2-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local 9 sq mi
Compute Time: 18May2006, 13:26:56 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic |Drainage Area |Peak Discharge| Time of Peak | Volume
Element (M12) (CFS) (IN)
Basin 2 8.9600 29868.86 01Jan2006, 04:05 7.01
RR Bridge 8.9600 29868.86 01Jan2006, 04:05 7.01




Project: Crescent Junction Ex Simulation Run: 123 100

Start of Run:  01Jan2006, 00:00 . Basin Model: - Basins 123-event
End of Run:. 02Jan2006, 00:00 .-  Meteorologic Model:  100-yr 24-hr
Compute Time: 18May2006, 13:32:06 Control Specifications: 1 day at 5 min step

' Volume Units: IN

Hydrologic' |Drainage Area |Peak Discharge| Time of Peak . |Volume
Element (MI2) (CFS) o (IN)
Basin 1 2.6300 2135.13 01Jan2006, 12:35 0.99
Basin 2 8.9600 3453.04 01Jan2006, 13:30  {0.99
Basin3  |3.4700 1553.39 01Jan2006, 13:15 0.99
1-70 15.0600 5108.83 01Jan2006, 13:30 0.99
I-70 CULVERT| 15.0600 | 5108.83 01Jan2006, 13:30 0.99
Kendall Wash [B.9600 3441.54 - | 01Jan2006, 13:35 0.99
Kendall Wash }2.6300 2066.77 01Jan2006, 12:40 0.99




Project: Crescent Junction Ex Simulation Run: 123 PMP Local

| Startof Run: '01Jan2006, 00:00 ~  Basin Model: * Basins 123-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local 15 sq mi
Compute Time: 18May2006, 13:33:12 Control Specifications: 1 day at 5 min step

Volume Units: IN

- {Hydrologic | Drainage Area |Peak Discharge| Time of Peak - Volume-
" | Element (M12) (CFS) (IN)
Basin 1 " |2.6300 16218.18 01Jan2006, 03:25 6.38
Basin2  |8.9600 27260.23 01Jan2006, 04:05 |6.41
Basin 3 3.4700 12147.64  101Jan2006, 03:55 6.41
I-70 15.0600 ' 40835.44 01Jan2006, 04:05 6.41
I-70 CULVERT 15.0600 40835.44 01Jan2006, 04:05 6.41
Kendall Wash 8.9600 26892.86 01Jan2006, 04:10 6.41
Kendall Wash }2.6300 16865.63 01Jan2006, 03:25 6.39
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Project: Crescent_Junction_Pr Simulation Run: Basins 123-100

Start of Run:  01Jan2006, 00:00 Basin Model: Basins 123-event
End of Run:  02Jan2006, 00:00  Meteorologic Model:  100-yr 24-hr
Compute Time: 18May2006, 13:46:23 Control Specifications: 1 day at 5 min step

1 Volume Units: iN

Hydrologic | Drainage Area Peak Discharge| Time of Peak Volume
Element | (MI2) ~ |(CFS) (IN)
Basin 1 Routeg2.6300 '[2210.10 01Jan2006, 12:35 _ [1.00

-| Basin 2 8.9600 3453.04 01Jan2006, 13:30 0.99
Basin3  |3.4700 1553.39 01Jan2006, 13:15 | 0.99

11-70 15.0600 5098.41 . ]01Jan2006, 13:30 0.99
I-70 CULVERT] 15.0600 5098.41 01Jan2006, 13:30 0.99 .
Kendall Wash [8.9600 344154 01Jan2006, 13:35 0.99
Kendall Wash 2.6300 2166.34 01Jan2006, 12:35 1.00




Project: Crescent_Junction_Pr Simulation Run: BASINS 123 PMP

Start of Run:* 01Jan2006, 00:00 Basin Model: Basins 123-PMP
End of Run:  02Jan2006, 00:00 . Meteorologic Model: PMP Local 15 sq mi

Compute Time: 18May2006, 13:48:35 Control Specifications: 1 day at 5 min step -

Volume Units: IN

Hydr_ologic Drainage Area |Peak Discharge| Time of Peak Volume
Element (MI2) ' (CFS) _ (IN)
Basin 1 Routed2.6300 16252.58 01Jan2006, 03:25 8.88
Basin 2 8.9600 - 27260.23 01Jan2006, 04:05 6.41
Basin 3 3.4700 12147.64 01Jan2006, 03:55 6.41
1-70 15.0600 40871.36 01Jan2006, 04:05 6.84
I-70 CULVERT 15.0600 - 140871.36 . 01Jan2006, 04:05 6.84
Kendall Wash [B8.9600 26892.86 01Jan2006, 04:10 6.41
Kendall Wash }2.6300 15899.38 01Jan2006, 03:25 8.89
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Projecf: Crescent_Junction_Pr Simulation Run: DP 48&5-25

Start of Run: ~ 01Jan2008, 00:00 Basin Model!: P-DP 4&5-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr
Compute Time: 18May2006, 13:49:54 Control Specifications: 1 day at 5 min step

Volu\me Units: IN

Hydrologic |Drainage Area, | Peak Discharge| Time of Peak Volume

Element (M12) (CFS) : _ (IN) '
|Basin B 0.5218 291.31 01Jan2006, 12:25 0.49

Basin D 0.3827 187.06 01Jan2006, 12:35 0.57

DP4 . 0.5218 291.31 01Jan2006, 12:25 0.49

DP 5 0.9045 ' 447.59 01Jan2006, 12:30 - ]0.52

West Ditch | 0.5218 281.01 01Jan2006, 12:25 0.49




Project: Crescent_Junction_Pr Simulation Run: DP 4&5-PMP

Start of Run:  01Jan2006, 00:00 Basin Model: P-DP 4&5-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local <1 sq mi
Compute Time: 18May2006, 13:51:38 Control Specifications: 1 day at 5§ min.step -

Volume Units: IN

Hydrologic | Drainage Area |Peak Discharge| Time of Peak Volume
| Element (MI2) (CFS) (IN)

Basin B 0.5218 5858.79 01Jan2006, 03:15 8.21

Basin D 0.3827 3426.58 01Jan2006, 03:25 8.48

DP 4 0.5218 | 5858.79 01Jan2006, 03:15 8.21

DP 5 0.9045 - 8722.28 01Jan2006, 03:20 8.34

West Ditch 0.5218 - 15539.08 01Jan2006, 03:15 8.24
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Project: Crescent_dunction_Pr Simulation Run: BASIN C-25

Start of Run:  01Jan2006, 00:00 Basin Model: P-BASIN C-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr
Compute Time: 18May2006, 13:56:17 Control Specifications: 1 day at 5 min step

Voldr_ne Units: IN

Hydrologic ' . Drainage Area { Peak Dischargg Time of Peak Volume
Element (MI12) (CFS) (IN)
Basin C 0.1675 74.72 01Jan2006, 12:30 | 0.49
DP 3-ExCulv @ RR0.1675 ) 74.72 01Jan2006, 12:30 0.49




Projeét: CresCent_Junction_F;r' Simulation Run: BASIN C-100

Start of Run:  01Jan20086, 00:00 Basin Model: P-BASIN C-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  100-yr 24-hr

Compute Time: 18May2006, 13:57:43 Control Specifications: 1 day at 5 min step

'Volume Units: IN

. {Hydrologic | Drainage Area Peak Discharge| Time of Peak Volume
Element (MI2) . 1(CFS) : _ , (IN)
Basin C 0.1675  |146.99 01Jan2006, 12:30 0.99
DP 3-ExCulv @IRRS75 146.99 01Jan2006, 12:30 0.99




Project: Crescent_Junction_Pr Simulation Run: BASIN C-PMP

Start of Run:  01Jan2006, 00:00 Basin Model: - P-BASIN C-PMP
End of Run:  02Jan2006, 00:00 Meteorologic Model: PMP Local <1 sq mi
Compute Time: 18May2006, 13:58:25 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic |Drainage Area |Peak Discharge] Time of Peak - | Volume
Element (MI2) (CFS) ‘ (IN) -
Basin C 0.1675 : 1488.43 01Jan2006, 03:20 8.18
DP3-Ex Culv @RFS75 1488.43 - 101Jan2006, 03:20 8.18




Project: Crescent_Junction_Pr Simulation Run: P-DRAINAGE 25

Start of Run:  01Jan2006, 00:00 ~ Basin Model: P-DRAINAGE-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr
| Compute Time: 18May2006, 14:02:40 -Contro! Specifications: 1 day at § min step

Volume Units: IN

Hydrologic | Drainage Area |Peak Discharge| Time .of Peak Volume
Element "~ |(MI2) (CFS) . (IN)
Basin A 0.3456 192.54 01Jan2006, 12:25 0.49
Basin B 0.5218 291.31 . .]01Jan20086, 12:25 0.49
Basin C 0.1675 74.72 01Jan2006, 12:30 0.49
Basin D |0.3827 187.06 01Jan2006, 12:35 0.57
Basin E 0.1839 91.30 01Jan2006, 12:30 0.49
Basin F 0.0863 41.65 01Jan2006, 12:30 0.49
Basin for Culv Q74087 238.92 01Jan2006, 12:20 0.49
Culv C1-DP 2 {0.0863 41.65 01Jan2006, 12:30 0.49
Culv C5 1.2501 - |610.57 01Jan2006, 12:30 0.52
Culv C7 0.4087 238.92 - 01Jan2006, 12:20 * | 0.49
DP 4 " lo.5218 291.31 " |01Jan2006, 12:25 0.49
'|DP5 0.9045 - |447.59 01Jan2006, 12:30 0.52
DP 6 1.2501 | 608.41 01Jan2006, 12:30 0.52
Ex-Culv @ RR| 0.1675 74.72 -101Jan2006, 12:30 0.49
.| Reach-1 0.9045 - 1445.60 01Jan2006, 12:30 0.53
Reach-2 1.2501 608.41 ~ |01Jan2006, 12:30 .  |0.52
Texas Dip 0.1839 91.30 " 101Jan2006, 12:30 0.49
West Ditch | 0.5218 - 1281.01 01Jan2006, 12:25 = {0.49
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Appendix D

Rational Method Output




C

TIME OF CONCENTRATION

=i+

Initial or Overland Flow =ti

i =[0.395(1 .1-C5)SQRT(L)Ys*®

Overland Travel Time =+,
v=C,s8,%®

Where: C, = codveyance coefficient from UD Table RO-2
Sw = watercourse slope (ft/'ft)

t, = L/60V
CHECK: . ‘
t. = (L/180) + 10 forUrbanized areas only
Minimum t, = 10 minutes ~ - :
ONSITE CULVERTS
Initial/Overtand Flow (t;) FGutter or Channelized Flow (t) Total Travel Time check max|check min Use
Basin L .-| Slope Cs Ti . L Slope c. v Tt Te=Ti+Tt Tc Tc Te

{ft) {ft/ft) 1 {(min) {ft) (%) {f'sec) {min) Tc (min) {min) (min) (min)
Culvert C2 500 0.014f - 0.09 36.56 1700 1.400] 10.00 1.18 23.95 60.51 na 10.0 60.5
Culvert C3 500 0.014 0.09] - 36.56 - 900 1.400{ 10.00 1.18 12.68 49.24 na 10.0 49.2
Culvert C4 500] - 0.014 0.09 36.56 3500 1.400{ 10.00 1.18 49.30] 85.86 na 10.0 85.9
Culvert C6 800 0.014 0.09 46.16 . 400 1.400] 10.00 1.18 5.63] 51.79 na 10.0 51.8

TABLE RO-2

Conveyance Coefficiant, C,

Type of Land Surface\ Conveyance Coefficient, C, . -
Heavy Meadow 2.5
Tillage/Field 5

Short pasture & lawns 7

Nearly bare ground 10

Grassed waterway 15

Paved areas

20 -
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25 YEAR PEAK FLOWS

USE RATIONAL METHOD TO CALCULATE PEAK FLOWS”

Q=CIA

5.44

162

Culvert C2 32.0 60.51

Culvert C3 11.0f 0.17 49.24 - 1.87 1.87 3.50
Culvert C4 64.0] 0.17 85.86 10.88 1.62 17.63
Culvert C6 30.0] 0.17 51.70 5.10 1.80 9.18




Appendix E

~ Calibration and Check of Flows in Crescent Wash




The purpose of this appendix is to document the calibration and provide a check of
calculated flows in Crescent Wash. The USGS had a gaging station in Crescent Wash at
a point slightly downstream of the analysis point for this project. The drainage area at the
old gage is 23.3 square miles, as opposed to 22.5 sq miles at the I-70 crossing. There are
10 years of record taken between 1959 and 1969. It should be noted that the basin is
relatively undeveloped so flows taken 37 to 47 years ago should be relatively typical of
the basin today. However, there are only 10 years of record. Thus information derived
from the gaging station is considered only as a relative check for order of magnitude

~ compared to the computations.

- Using the 10 years of data the USGS developed a flood frequency curve using Log-
Pearson Type III probability distribution (Vaill). The results of this analysis are shown in
Table E1, below. These flows are compared to the 25-year and 100-year floods
calculated in HEC-HMS using the specified unit hydrograph, a CN value of 70 for
determining initial losses and a constant infiltration rate of 0.3 in/hour. Precipitation
-values are derived from NOAA Atlas 14. The results of the analysis are within 3% of the
USGS results, when adjusted for drainage area. Thus the calculated values are utilized
for this project and the parameters (CN, infiltration, and precipitation) are applied to the
ungaged basins within the study area for determining the 25-year and 100-year floods.

Table E1. Flow companson for Crescent Wash 25-year storm

Storm event USGS (23.3 mi’) HEC-HMS (22.5mi )
cfs . cfs/mi’ - cfs cfs/mi’

25-year storm 3,260 140 : 3,021 134

100-year storm | . 6,460 277 6,073 270

Several additional gaged sites where also checked for peak flows per square mile. Sites
selected for comparison are similar in elevation and size and are in similar environmental
conditions as the project site. Peak flows were calculated by the USGS using Log-
Pearson Type III probability distribution (Vaill). Table E2 indicates that the flows per
square mile are conservative as compared to the other basins. However, given the gaged
information available on Crescent Wash, the calculated values will be utilized.




C

C

Table E2. Comparison of Peak Flows per Square Miles

Station no. [Station Name , DA,mi‘ | elév | Qucfs | QDA cfsimi® | Qqpo, cfs | QqooDA cfsimi’
9181000 Onion Creek nr Moab, Ut 18.8] 5,702 2,470 __131.4] . 3,380 179.8
9185200]|Kane Springs Canyon nr La Sal, Ut 17.8 6,620 1,340 75.3 1,770 99.4
9306235{Corral Gulch below Water Guich nr Rangley, CO 8.6 7,740 382 444} . 1,120 130.2
9606242|Corral Gulch nr Rangely, Co 31.6 7,490 . 883 27.9 2,450 77.5
9328900|Crescent Wash nr Crescent Junction, Ut 23.3 6,180 3,260 139.9 6,460 277.3]




USGS Surface Watéf for -Utah: Peak Streamflow

Data Category: Geographic Area:

Page 1 of 2

Water Resources |Surface Water ~| |Utah

News: Available soon in NWISWeb

Peak Streamflow for Utah
USGS 09328900 CRESENT WASH NEAR CRESENT JUNCTION, UTAH

=1 o

Available data for this site | Site home page d| ';GOI
" _ Output formats
Grand County, Utah ' [Table_ |
Hydrologic Unit Code 14060008 [Graph |
Latitude 38°56'32", Longitude 109°49'14" NAD27 — -
Drainage area 23.30 square miles EblS?WE&Gdfﬂ@ |
Gage datum 4,880.00 feet above sea level NGVD29 IWAT_SI_OBE_fo_matted_fi_l_e_
{liresetect output format.
USGS 09328900 CRESENT WASH NEAR CRESENT JUNCTION, UTAH
4500
A
o 4008 _
e
5
& 3500
8
S 3000
-«
o
(1)
- 2508
Q
E
3 2800
5 -
. 1580 .
: .
=
& 1800 .
e A
s see| o _ '
e o & a. & A ; s
1959 1960 1961 1962 1963 1964 1965 - 1966 1967 1968 1969 '
Download a presentanon quallty gmph ' '
Questions about data ~ Utah NWISWeb Data Inquiries - Top
Feedback on this websiteUtah NWISWeb Maintainer . - Explanation of terms
Surface Water for Utah: Peak Streamflow
http://waterdata.usgs.gov/ut/nwis/peak?
http://nwis.waterdata. usgs. gov/ut/nwis/peak/?site_no= 09328900 5/16/2006
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Table 3. Drainage-basin characteristics and flood-frequency data at streamflow-gaging stations—Continued

[LATDEG, latitude in decimal degrees: LNGDEG. longitude in decimal depree: DAREA, drainage arca in square miles; YRSPK. years
P2 PS, P10. P25, 100, P200, and P500 are the indicated recarrerce irtervals for the 2-year. S-year. J0-ycar. 25-year, S0-year. 100-year.

Map . . .
number  Station Station LATDEG LNGDEG DAREA YRSPK ELEV PRECIP
(tig. 1) : : ' .
=271 (9302500 Marvine Creek near Buford, Colo. 40.0383  107.4875 59.7 12 9,750 322 -
- 272 09303000 North Fork White River at Buford, Colo. 399875 107.6139 2590 24 9.529 30.9 ~
- 273 09302200 South Fork White River at Budges 39.8433 107.3342 523 19 10.569 A0.0 -
Resort, Colo. .
—274 (8303320 Wagonwheel Creek at Budges 395428 107.3361 7.4 14 10.640 40.0
Resort, Colo. - ]
- 275 (9303300  South Fork White River near Budges 39.8642 107.5333  128.0 19 10.250 40.0:
Reson, Colo.
*276  (W303000 Scuth Fork White River u: Buford, Colo. 39.9734 107.6247  171.0 ' 25 9.800 36.3-
© 277 09304300  Coual Creek near Mecker, Celo. 400912 107.7694 251 Il 7.956 28.5
278 09304500 White River n2ar Meeker, Colo. 40,0336 1078617 7550 66 8.940 296
279 709206007  Piceance Creeh below Riv Blanco. Colo. 39.8261  J0S.1825 177.0 21 7.628 245
280 09306058 Willow Creek near Rio Blanco. Colo. 398372 108.2436 484 12 7.500 218
281 09306061 Piceance Creck above Hunter Creek. 39.8500 1082583 3(MO 14 7.552 1.2
near Rio Blanco. Colo. :

282 09306200 Piceance Creek below Ryan Gulch.nzar 39.9211  108.29589  506.0 11 7415 20.8
Rio Blanco, Colo. .

283 09306235 Corra! Gulch below Watér Guich. near 399061 108.5322 8.6 14 7,940 20.0
Rangely. Colo.

284 (9306242 Corral Guich near Rangely. Colo. 399205 1084722 316 21 7490 20.0

285 19306255 Yellow Creek near White River, Colo.  40.16%6 1084006 262.0 7 6877 17.3

28¢ 093006800 -Biner Creek near Bonanza. Utah 39.7533 100.3532 3240 10 7:146 16.1

287 09307500 Willow Creek above diversions near 39.5604  109.53867  297.0 24 7.650 1.8
Ouray, Utah '

288 09308000 Wiliow Creek near OQuray. Utah 399389 1096478 8970 23 7.030 137

289 (0328900 Crescent Wash near Crescent Junction, 389422 100.8206 233 10 6.180 12.7

. Urah
200 09340000 East Fork San Juan River near Pagosa 37.3694 106.8917 86.9 41 10.200 30.0—
: Springs. Colo. . ) )

291 09341500  West Fork San Juan River near Pagosa - 37.3786  106.8989 87.9 26 10,000 420~
Springs, Colo. . K )

292 (09342500  San Juzn River at Pagosa Springs, Colo.  37.2661  107.0105 - 298.0 46 9,700 36.0 -
293 © 09343000 Rio Blanco near Pagosa Springs, Colo.  37.2128 1067939 | 58.0 37 10400 390~
[294 05333500  Rito Blanco near Pagosa Springs. Colo.  37.1936 106.9(47 233 18 9,400 N0 -
295 (19344000 Navajo River at Bandad Peak Ranch, - 37.0853 1006889 69.8 4 10,500 370 —

near Chromo, Colo. C ' .

296 - 09335500 Little Navajo River at Chromo, Colo. 370456 1068325 T 219 17 8.900 260
297 09346000 Navajo River at Editk, Colo.. 37.0028 1069069 - 172.0 .36 9.200 33.0--
298 - 09336200 Rio Amargo at Dulce. N, Mex. - 369333 107.0000 - 168.0 26 7930 17.7
299 09349500. Piadra River near Piedra. Colo. 37.2222° 107.3422 3710 34 . 9200 33.0°
300 09339800 Piedra River near Arholes. Colo. 37.0883 1073972 6290 20 8300 - 270
301 (09350800  Vaqueros Canyvon near Gobernador. .~ 36.7333  107.2833 605 . 31 7.500 15.0

N Mex. _ : : o
302 (9252500 Los Pinos River below Snowslide 37.6389  107.3333 2353 13 11.209 350+

</

32 Analysls of the Magnitude and Frequency of Floods In Colorado

Canyon, near Weminuche Pass, Colo.
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: v) of record; ELEV, mear basin elevation in feet: PRECIP, mean znnual precipitation ia inches; BSLOPE. mean basin slope in foot per foot:
200 year, and 300-year peak discharge: --. not avaiiable]

Station
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'SUPPLEMENTAL DATA 33

BSLOPE P2 P5 P10 P25 P50 P100 P200 P500
number :
09303500 0235 318 400 317 393 532 563, 91 626
09303000  0.237 1.380 390 2230 2640 2940 3240 3,540 3.930
09303300 (.198 924 1,380 1700 2120 2440 2.760 3,000 3,540
09303320 0.159 158 260 307 365 206 447 488 540
09303400  0.256 1700 2450 3,030 3770 4350 4940 5.570 640
09304000 0259 LSOO 2310 2600 2920 3140 3340 3530 3,760
09304300 0.285 50 §0 100 126 14+ 162 150 203
09304500  0.222 3170 4210 4830 5600 6140 6.650 7.150 7.780
09306007 0.283 148 204 411 576 710 851 1.000 1.210
09306058 272 14 36 58 99 140 191 254 360
09306061 0.263 193 381 534 758 913 1.140 1360 1.660
09306200 0243 145 255 345 479 594 723 867 1.080
09306235 0.3%3 14 © s 382 673 LI20 1780 310
(9306242 0.236 - 39 175 383 833 L3I0 2.450 3810 6.490
09306255 0.197 154 08 - 932 2040 3310 5170 7850 13200
09306800  0.287 115 451 894 1820 2840 4210 6000 9,150
09307500 - 241 476 692 1:030 1,380 1730 2,260 3,020
49308000 - 636 1.860 30170 55100 TR0 10600 14000 19,300,
(9323900 - 439 1130 1890 3,260 4670 64607 8720 12600
(19320000 0387 924 1.350 1,640 2,020 2300 2.600 2900 3310
(0341500 0.400 1.320 1.830 2170 2590 . 2910 3,230 3,550 3.970
09332500 0342 2610 4160 5480 TE0 9460 11700 14300 18400
09343000~ : 0.428 - 853 1200 1450 L1780 2030 2.290 2570 2950
19343500 0239 190 313 401 519 610 T 800 932
09344000 0.368 650 897, 1,070 1,280 1,450 1.620 1,790 2.020
09345500  0.215 146 /3 3% a7 538 633 733 874
09346000. 0277 852 1310 L660 . 2160 2,570 302 3510 4.230
09346200 - - 1030 149 1830 - 2280 2650 3.040 3400 4030
09349500 034 2,090 3.480 4640 - 6400 7950 0710 11700 13500
09349800 0.290 2420 dven -  5.130 6,799 8150 © 9610 11,200 13,500
09350800 - 196 490 822 1470 . 2080 3030 4410 6760
09352500 - 324 518 839 981 L3O 1.280

1480




Project: Crescent Junction Ex Simulation Run: CW 25

Start of Run:  01Jan2006, 00:00 Basin Model: Crescent Wash-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  25-yr 24-hr
Compute Time: 16May2006, 17:21:41 Control Specifications: 1 day at 5 min step

Volume Units: IN

Hydrologic | Drainage Area | Peak Discharge| Time of Peak ' Volume
Element (MI2) (CFS) (IN)

~ | Crescent Wast22.5600 3 3020.71 01Jan2006, 14:10 0.49
Sink-1 22.5600 : 3020.71 01Jan2006, 14:10 0.49




Project: ' Crescent Junction Ex  Simulation Run: CW 100

Start of Run:  01Jan2006, 00:00 Basin Model: Crescent Wash-event
End of Run:  02Jan2006, 00:00 Meteorologic Model:  100-yr 24-hr
Compute Time: 15May2006, 15:48:31 Control Specifications: 1 day at 5 min step

Volume Units: IVN

o

Hydrologic |Drainage Area |Peak D'ischarge Time of Peak Volume
Element (MI2) (CFS) (IN)
Crescent Wash22.5400 6072.68 01Jan2006, 14:10 0.98
Sink-1 22.5400 6072.68 01Jan2006, 14:10 0.98




Appendix F

. Master Drainage Plan
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U Problem Statement:

« Determine the configuration (size and shape) of a diversion channel system to intercept both .
everyday operational and extreme flood surface-water flows from reaching the proposed disposal cell
and causing detrimental erosion.

» Determine the size of erosion-control riprap for the channel.

= Discuss expected performance and operation of the diversion channel system.

-Method of Solution:

Evaluate the size and dimensions of a diversion channel to route extreme flood flows arising from the
probable maximum precipitation (PMP) event away from the proposed disposal cell followmg methods
outlined in Chapter 3 of Appendix D of NUREG 1623. Obtain magnitude of the probable maximum flood
(PMF) flow value from the PMP for dramage basrns hydrology contained in the Site Hydrology Calculation
(DOE 2006). ‘

Design the channel to be erosionally resistant under the PMF flow and provide a method to route
operational flows from lower intensity, frequent storm events. The 24-hour, 200-year precipitation event is
selected as the upper-limit storm-representing design for the lower intensity, frequent storm events.
Determine the total flow rate for a 24-hour, 200-year precipitation event with the Rational Method (Q=CiA)
routed to the proposed disposal cell. Transmit this flow in a pilot channel located in the main diversion
channel to divert everyday “operational” flows. :

Assumptions:

U . Topographic maps provided ln the Site Hydrology Calculation (DOE 2006) are accurate.

= Riprap stone is angular, possesses a speolflc graylty of 2.64, and has a minimum Nuclear Regulatory
Commission durability criteria score of 80 (Appendix D, NUREG 1623); thus it will not require
oversizing for use in frequently saturated areas.

Calculation:

= The upland drainage basin for the proposed disposal cell was determined in the Site Hydrology
Calculation and is shown in Fi gure 1. A PMF flow rate of 5 859 cubic feet (ft ) s- 1 is the reported flow

rate at the cell.

= A 30-foot (ft)-wide trapezordal channel with 5H to v (20 percent) snde slopes located adjacent to the
- northern side .of the proposed disposal cell will be evaluated. Overall slope of the channel will follow
-+ .the exlstmg land slope from the upper northeastern endto the southwest end (see Figure 1).

. “Invert slope of the channel is computed from the dlfference in elevatlon between the northeastern endf
to the southwest end divided by the length between them: : ‘

(4,990 ft - 5,014 ft}/ 4,9_55 ft = 0.005, [-0.5%)]

O

U.S. Department of Energy . Diversion Channel Design, North Side Disposal Cell
June 2006 . Doc. No. X0176400
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=  Aninitial value for Manning's n is computed using procedures discussed by Abt et al., (1987) and
Abt et al. (1991) by'assuming a mean riprap diameter of 24 inches as follows:

n=0.0456*(Dso * S) %' ) . (1)
n = 0.0456*(24 * 0.005) *'*°

n=0.033
where: nis Manning's n,

Ds,is the mean riprap diameter in inches, and
S is the channel slope (ft/ft)._

Chow (1959) reports a value for n of 0.033 for the normal value of a gravel-lined channe! with sides of dry
rubble or riprap (Table 5-6 B-2.d.5 page 111), confirming the initial estimate.

The depth of flow i in the channel durmg PMF flow is computed with Manning's equation for open-channel

- flow:

Q=1486/n"A*R, "% @

where: Qis the PMF flow rate, .
A is the cross-sectional flow area,
Ry is the hydraulic radius equal to the cross-sectional ﬂow area divided by the wetted perimeter, and

all other variables are prevnously defined.

Cross-sectional flow area and hydraulic radius are expressed as a function of the flow depth (y), base
width of the channel (B) and side slope (5§ H:1V) by:

A =By + &4 ' @)

Hydraulic radius is evaluated by:

Ry=A/B +2* *(sz+1 gie k 4)

Substltutmg a 30 ft-wrde base and 5H:1V srde slopes mto equatlons (2) (3) and (4) and solvmg for y
through iterations produces y 6.1 ft.

o

A check on the assumed mean riprap size is performed by computmg the tractive shear stress (z, pounds
_per square foot [psf]) at the base of the channel as:

: —190psf . : ,

where: Y, is the unit weight of water (62 4 pounds per ft“") ,
y is the depth of flow (ft), - o .
Sisthe channel slope (ft/ft) as prevrously defmed o

U.S. Department of Energy ) Diversion Channe! Design, North Side Disposal Cell
June 2006 Doc No. X0176400
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Tractive shear stress is related to the mean rock size through equation (6) of the ACE (ACE 1994) as:
T=0" (=) " Dso _ (6) -

where: v, is the unit weight of ribrap (62.4 pounds ft®times specific gravity of 2.64), and
a is a coefficient of 0.04. .

Equating equation (5) and (6) results in a Ds, of 0.46 ft. Since this Ds, is smaller than the assumed value,
Manning's nis re-evaluated producing a value of 0.035. The process is repeated until a depth of flow,
computed rock size and Manning's n converge.

A resulting depth of flow of 5.8 ft, a tractive shear stress of 1.8 psf and Dg, of 0.44 1t (5.3 incheé) are
determined. o .

. The 24-hour, 200-yéar precipitation event for Thompson, Utah, is 2.54 inches (see attached sheet,
NOAA Atlas 14, Thompson, Utah), which relates to 0.106 inches/hour.

Using the Rational formula, Q = CiA to compute total runoff from the upland drainage basin,

where: Q = total runoff (ft> s™),
. C = runoff coefficient, .
i = rainfall intensity (inches hour ™),
‘A = drainage basin area (acres).

A total runoff of 8.83 ft* s™ using a realistic value of 0.30 for the runoff coefficient, C. Total runoff '_
increases to 29.4 ft* s™ using a value of C = 1 (totally impervious due to saturated conditions, 100 percent
runoff). . . _ :

Manning's equation presented in equation (2) is again used to compute the depth of flow in a "V ditch
pilot channel. The cross-sectional flow area and hydraulic radius change; the remaining variables do not.
A Manning's n of 0.030 is assumed to produce a flow depth of 5 ft, with a slope of 0.5 percent flowing
8.9 ft° s™. This flow rate approximates the total flow from the 200-year event and will be used for )
preliminary design. A value of 0.030 for Manning's n relates a channel roughness corresponding to a
gravel/cobble surface. :

Discussion:

Based on the analysis above, a 30-ft-wide trapezoidal channel with 5H to 1V side slopes 6 ft deep, lined
. with a 12-inch-thick (2 D) layer of 6-inch Ds; riprap will protect the proposed disposal cell from the PMF.

To confirm and illustrate that the 6-inch Ds, size riprap will provide erosion protection under a 6.1-ft flow -
“ depth, the flow depth that is required to compute a 12-inch mean diameter piece of riprap is back

calculated at 14.7 ft using equations (5) and (6). - . o _ : ,
As a best-management practice, a gabion weir that extends 6 ft below finish grade will act to dissipate .
flow energy and prevent headward channe! migration into the diversion channel (Figure 2). Any small
flows that exit the channel will slowly permeate through the gabion weir. During flood stage, the weir will
act as a sediment trap for large particles ‘entrained at the base of the flow. A majority of the flow will pass
over.the weir and out to native ground on the west side of the proposed disposal cell, eventually arriving
at West Kendall wash. Over the long-tern, mesh forming the gabions will disintegrate leaving a triangular
mound of rock. This is expected to be similar to a typical "check dam" now frequently employed by the
-National Resource Conservation Service. - : o A

A pilot "V" channel will be placed on the northern right side of the channel will divert operation flows up to
the 24-hour, 200-year precipitation event. Extending the pilot channel 100 ft beyond termination of the
main channel will help to prevent erosion from initiating in the main channel. The gabion wall is not
extended to the pilot channel, increasing the likelihood for erosion to begin, and stay, in the pilot channel
(the disposal cell will still be protected by the erosion control riprap discussed below).

U.S. Department of Energy Diversion Channel Design, North Side Disposal Cell
June 2006 ' Doc. No. X0176400
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Expected operational performance:

Run-on from frequent storm events will be intercepted and diverted by the pilot channel. Erosion and

- deposition are expected to occur in the channel over the lifetime of the facility. Development of the

channel is expected to follow the genesis of typical desert arroyo (see Graf 2002 and Schuum
et al. 1988). Erosion and deposition will occur continuously as the channel system conforms to the local

_ climate and ecology approaching a dynamic stability.

During large magnitude storm events, such as the design PMF, runoff will be extreme and rapid. Flow will
inundate the pilot channel and divert along the northern side of the disposal cell. Estimated rise of water
on the disposal is computed by applying Manning's equation to a large *V" channel with one side slope at
5H: 1V (20 percent) and the other at 50H:1V (2 percent). A weighted mean value for nis used based on
the Iengh of erosion nprap (n=0.035) or native ground (n = 0.020) submerged Using a flow rate of
5,859 ft° s™, a 5.9-ft depth is computed.

Additional cbnservatism_ is attainable by burying erosion control fiprap,in the channel after plabement, as
shown on Figure 2. Doing this in conjunction with construction of the pilot channel will cause all flow to
operate in the pilot channel, up to the extreme event. During the PMF, the erosive power of flood flows .

will be lessened because the flow will be transpomng sacrificial material used to bury nprap that forms the
protection agamst the PMF. Erosnon control riprap will have to extend up the slope a minimum of 2 ft.

Conclusnon and Recommendatmns
The relatively small nprap size results from the relatively large width and low-bed slope of the channel.

Figure 2 shows the recommended channel cross-section and gabion wall.

| Computer Source:

* Not applicable.

U.S. Department of Energy . Diversion Channel Design, North Side Disposal Cell
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POINT PRECIPITATION

ATTACHMENT

FREQUENCY ESTIMATES
FROM NOAA ATLAS 14

THOMPSON, UTAR (42-8705) 38.9667 N 109.7167 W 5219 feet
trom *Precipitation-Frequency Atlas of the United Statee” NOAA Atlas 14 Volume L. Version 3
. M Bonnin. D Todd B Lia, T Parzybok. M Yekta and D. Riley

NOAA. National Weather Senvlce. Silver Spring. Maryland. 2003
Extracted Wad May 17 2006
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Problem Statement:

Determine the rock protec":tioh required to protect the cover of the disposal cell from erosion due to action
u ‘ of surface water and wind to meet the specifications of the Code of Federal Regulations (CFR)
(40 CFR part 192).

Method of Solution:

= Determine the peak unit discharge from both the Probable Maximum Precnpltatlon (PMP) and the
" 100-year precipitation event on the drainage basins of the disposal cell using the Rational method
' (Chow 1964). ’ . .

» Evaluate erosional stability of soil cover on top slope of dlsposal cell using Temple method (Temple et
al. 1987). ‘

= Evaluate erosional stability of rock mulch on top slope of disposal cell using Safety Factor method
(Nelson et al. 1986).

= Evaluate erosional stability of rock mulch or riprap on side slopes of disposal cell using both
Stevenson method (Johnson 2002) and Abt and Johnson method (Abt and Johnson 1991).

= Evaluate surface sheet erosion of top slope of disposal cell due to action of surface water and wind
- using Modified Universal Soil Loss Equation (MUSLE) method (Nelson et al. 1986).

= Evaluate required rock size for toe apron to accommodate flow transitioning from cell slope to native
ground using method proposed by Abt et al. (Abt et al.1998).

» Evaluate the need for bedding layer between cover soils and erosion protection material by
estlmatmg interstitial pore velocities using method proposed by Abt et al. (Abt et al. 1991).

Assumptlons. -
U « The 100-year precnpltatlon eventis apphcable for evaluating drought fire, and post-construction
conditions when little or no vegetatlon is on the cover.
»  The PMP precipitation event is appllcable for long-term erosional stability analyses.

"= The 1-hour PMP event is estimated to be 8.2 inches, and the 1-hour 100-year event is estlmated to
be 1 65 inches (DOE 2005).

= The layout of the disposal cell is shown in Figure 1. This layout shows a 2 percent top slope,
5:1 (horizontal:vertical) Side slopes, and a total footprint area of 248 acres.

* Rock available for e'rosion' protection will be angular, have a specific gravity of 2.65, and will meet
Nuclear Begu}atory Commission (NRC) durability requirements.

Calculation:

See “Discussion.”

-

o/
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Discussion:
Drainage Area Chéracteristics A .

Five drainage areas were delineated on the cover of the disposal cell, as shown in Figure 1. The area and
flow length of these dralnage areas were calculated using computer-aided design (CAD) tools.

. Peak flows occurring within each dramage area are calculated using a rainfall duration equivalent to the
time of concentration for each drainage basin. The time of concentration is a characteristic of the
geometry and slopes of the drainage areas, and is computed by three different methods, with the average
of the three methods used to calculate peak discharges. The three methods used to calculate the time of
concentration are described below.

1) The Kirpich equation as presented in NUREG/CR-4620 (Nelson et al. 1986):

077
T, =0.0078 —5+ L

0385
S

where: : :
T, = time of concentration (minutes),
L = slope length (feet [it]), and

S = slope (ft/ft).

2) The Soil Conservatlon Servuce (SCS) Triangular Hydrograph Theory, as presented i in
- NUREG/CR-4620 (Nelson etal. 1986) _

11912 0.385
7“' =( . ] .
H

T, = time of concentration (hours),
L = slope length (miles), and
"~ H=slope height (ft).

where:

3) The Brant and Oberman equation as presented in the Moab Uranium Mil Tailings Remedial Action
Project (UMTRA) Technical Approach Document (TAD) (DOE 1989): S v )
C = coefficient = 1.0 for bare earth, -

1
e
7 Si
S = slope (ft/ ft), and

i = one- hour ramfall intensity (mches/hour).

where: = ' .
T. = time of concentration (minutes),

As specified in UMTRA TAD (DOE 1989), T is Ilmlted toa mimmum of 2.5 minutes. Because precipitation
falling on the top of the cover flows to the south slope, the time of concentration for the south-side slope is
equivalent to the time of concentration of precipitation on the top slope plus the time of concentration of
precipitation occurrlng onthe’ south -side slope. The characterlstlcs of the drainage areas on the disposal
cell are summarized in Table 1. . '

U.S. Department of Energy ) Erosional Protection of Disposal Cell Cover
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Table 1. Dramage Area Characteristics

Drinage vea | VErenen il | ciope | Sve [ Tine o Conconato )
Description Area (acres) (fr/ft) (ft) Kirplch SCS Oberman Average
A1, top . 213.91 - 0.02 2,130 12.9 12.9 11.7 - 12.5
A2, south slope - - 16.10 02 |. 170 13.6 136 |- 140 13.7
A3, west slope 4.82 0.2 115 0.6 06 |- -20 2.5*
A4, north slope 749 0.2 .80 0.4 04 1.8 -« - 2.5*
Ab, east slope -.6.43 1 0.2 . 150 0.7 0.7 2.2 2.5*

*Time of concentration is limited to a minimum of 2.5 minutes.

Peak Discharge

" One of the technical criteria for the stability of the disposal cell is acceptable erosional stability from
extreme storm events (10 CFR part 40, Appendix A). NRC has interpreted this criterion to be able to
safely pass the peak runoff from storms up to the PMP event (Johnson 2002). The PMP event has a
1-hour depth of 8.2 inches, and a 15-minute depth of 7.1 inches (DOE 2005). For events with durations
less than 15 minutes, precipitation depths as a percent of the 1-hour PMP are estimated using the
following formula, as given in Table 4.1 of the UMTRA TAD (DOE 1989):

RD
t-houe ~ 0.0080RD +0.0686

%PMP,

where: RD = rainfall duration (minutes).

The precipitaiion depth of any given storm duration is then calculated as:

X PMP

I=hour

PD PMP = %PM}’I-Imur

where: PDpyp = precipitation depth of the PMP storm with duration equivalent to the time of
concentration (inches). . :

The precipitation events for 100-year recurrence interval for several storm durations were taken from
Appendix A of the Crescent Junction Site Characterization, Site Drainage-Hydrology Parameters
Calculation (DOE 2005) and are summanzed in Table 2. Precnpltatlon depths for durations other than
those listed in Table 2 are interpolated S

Table 2 1 00- Year Storm Event Prec:p/tat/on Depths

, _ - | - Precipitation Depth . Intensity
. Rainfall Duration (mln) (In ches) s (In ches/hr)
B - - 0.53 o -6.36
10 - - 08 .- 480 -
15 .~ - - 099 R 396 . /
-3 . o o .1,33 o - 266 .
o 600 L 1.65 SR -1.65 - -
120 . i 1.82 - ‘ - 091

The rainfall Intensity is calculated for a rainfall duration equivalent to the time of concentration for the
drainage basin. Rainfall intensity (inches per hour) is calculated as follows:

- Us. Department of Energy o Erosuonal Protection of Disposal Cell Cover
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PDx60

I=
' RD

u " The Rational method (Chow 1964) was used to determine the peak discharge from the PMP and the
100-year event for evaluation of cover erosion protection. For each drainage area, the peak flow was
- calculated with the Rational Formula, as follows:

Q=CIA
where:
Q = peak flow (cfs),
C = runoff coefficient,
I = rainfall intensity (inches per hour) correspondlng to the time of concentration, and
A = area (acres).

The runoff coefficient is approximately 1.0 for PMP conditions, as discussed in UMTRA TAD
(section 4.1.3). A runoff coefficient of 0.9 is used for 100-year storm events based on a conservative
estimate for a rlprap/rock surface. . -

Peak flow may also be expressed as a unit discharge as follows:

Q0 CIL

= 132

where:
q = unit discharge (cubic feet per second per foot [cfs/ft]),
“w = unit width (ft),
‘ C = runoff coefficient = 1.0, - .
u | = rainfall intensity (inches per hour), and
‘ L. = slope length (ft). -

Table 3 shows the results of the PMP peak flow in cubic feet per second (cfs) and the unit discharge
calculations in cubic feet per second per foot (cfs/ft) for the areas shown in Figure 1. Table 4 shows
results for the 100-year storm. These peak unit flows will be applied to the entire drainage area when
evaluating erosional stablllty Additional suppomng calculations can be found in Appendix A.

. Table 3 Results of PMP Peak Flow and Unit Dlscharge

Peak | = - Unit
Flow, Dlscharge,
Qcis) |- q (cfslﬂ)

Dralnagé Area Rhnoff ‘Average Percent | - PDpyp . IntenSIty
Description | Coef.C | .T¢(min) | PMPyy “(inches) (incheslhr)

- Al top - —--1.0 125 - 69.4 5.7 27.4 5,863 1.35
A2, southslope |- 1.0 - - 137 - 72.0 59 . - 25.8 5,928 - -1.37
- A3, westslope - | - 1.0 |} 25 . - 27.5 23 - 542 - | - .261 0.14 -
A4, northslope .J° 1.0 '~ 25 | 275 - 23 542 - ]| . 389 0.10
A5, east slope 1.0 | - 25 27.5 23. 54.2 - 348 | 0.19
' U.S. Department of Energy Erosional Protection of Disposa! Cell Cover
June 2006 . Doc. No. X0175500
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Table 4. Results of 100-Year Peak Flow and Unit Discharge

Drainage Area | Runoff | Average | PDigoyr Intensity . | Peak Flow, Q@ | Unit Flow q
Description Coef.C | T.(min) | (inches) | (inches/hr) (cfs) (cfs/ft)
‘A1, top - 09 | . 125 0.9 4.5 856.7 0.20
A2, south slope 0.9 . 137 0.9 4.3 ~__888.5 0.21
A3, west slope - 0.9 2.5 -0.5 6.4 27.6 0.02
- A4, north slope . 09 || 25 0.5 6.4 41.2 ) 0.01
A5, east slope 09 - 2.5 0.5 - 6.4 36.8 « 0.02

Top Surface: Erosional Stability of Soll Cover

_The top surface of the disposal cell was evaluated for erosional stability without a rock layer using the
method developed by Temple et al. (1987). This procedure, developed to analyze grassy channels,
estimates stresses from runoff on channel vegetation as well as the channel surface soils. The erosional
stability of the cover surface was evaluated by calculating a factor of safety against erosion due to the
peak runoff. Factor-of-safety values were calculated as the ratio of the allowable stresses (the resisting
strength of the cover vegetation or soils) to-the effective stresses (the stresses impacted by the runofi
flowing over the cover). As outlined in UMTRA TAD (1989), the 100-year peak unit flows ( - '
Table 4) were used to analyze the stability of a non-vegetated slope, such as would be representative of
post-construction, drought, or burn conditions. PMP peak unit flows (Table 3) were used to analyze the
stability of a vegetated slope, assuming a poor to fair cover of grass eventually will be established on the
cover. In addition, peak flows are multiplied by a concentration factor of 3.0 to account for channelization
of flow. . ' . '

The stress calculations are summarized below. Potential materials evaluated for use as cover soils were
(1) low-plasticity silt and clayey material from excavated on-site alluvial and eolian deposits, (2) excavated
on-site weathered Mancos Formation shale, and (3) imported coarse-grained sands and gravels. ’

Allowable Stresses

Allowable stresses for the no'n-vegetéted cover soils were célculated using the equations in Temple et al.
(1987). For cohesive soils, the resistance is based on the plastic limit and void ratio of the material. The
equation for allowable shear strength for cohesive soils is:

Ta = Tab Cez
where: : o S o
. Ta= allow‘ablevsh'éar strength (pounds per square feet [psf]), o

7. = basis allowable shear strength (for a CL) = (1.07 [PI*+14.3[PI}+47.7) x 107,
C. = soil parameter = 1.48 — 0.57e, S o

Pl = plasticity index, and ST

e = void ratio. -

For non-cohesive soils, the resistance is based on particle siie,‘specific'ally-the size where 75 percent of
the material is finer, or Dzs. The equation for allowable shear strength for non-cohesive soils Is:

: N 7, =04D,
where Dysis In inches. : v
Plasticity index and void ratio are estimated from preliminary geotechnical Iaboratb}y testing results for

on-site material (GEG 2005), assuming compaction to approximately 85 percent of maximum dry density
as determined from the Modified Proctor test. _ I

U.S. Department of Energy  * ’ Erosional Protection of Disposal Cell Cover
June 2006 Doc. No. X0175500
: : . Page 7




For vegetated slopes, the allowable stresses are a function of the quality of vegetatlon establrshed on the
cover, as given by the following equation: .

U _ _ 7,, =0.75C,

where:
. Tya= allowable vegetation shear strength (psf),

© Cy= coverrndex—25x(hx\/—)_

* h = stem length (ft), and
M = stem density factor (stems per square foot).

Because of the arid climate at the site, vegetative properties are modeled as poor, with average stem
height of 0.3 ft, and a stem density factor of 17 as given in Temple et al. (1987), conservatively using poor
conditions represented by a poor stand of Sudan grass (a bunch grass providing incomplete surface
cover).

Effective Stresses

The effectlve shear stress onsoil due to peak runoff from the 100-year event on the non-vegetated slope
is calculated as: -

where:
T, = effective shear stress (psf),
y = unit weight of water = 62.4 pcf, .
; . d=depth of flow (ft), and :
U S = slope of cover surface (ft/t).

For vegetated slopes, the effective shear stress on soil due to peak runoff from the PMP event is

calculated as:
2
7, = s(1-C, ("—)
n,

~ Cr=cover factor = 0 25 for poor vegetatlon and
ns = soil grain roughness tactor, calculated by the follownng equatlon

where:

n, =0. 0156 for cohesrve soil

1
n, = O 0256(al75 )6 for granular sorl where d is in inches

combmatlon of res13tance dueto sorl roughness, N and vegetatlon Ney calculated by

n, =Jn —001562+n SRR
-where: n, = resrstance due to vegetatlon calculated by

Co ~ n, =exp(0.01329€, (Ing)’ -0.09543C, 1ng+02971C, - 416)

U.S. Department of Energy ’ . Erosional Protection 'of Disposal Cell Cover
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where: q = unit flow (cfsft).

‘\ ) The cover factor, Gy, is assumed to be 0.5 for good vegetation conditions, and 0.25 for poor vegetation, as
given in Temple et al. (1987) for Sudan grass. The effective shear stress on vegetation is calculated as:

=S -7,

where 1, = effective vegetal stress (psf).

The depth of flow is calculated by iteration of Manning's equation:

. 2
_ 1.486dR3 /S
=

where:
: q = unit flow (cfs/ft),
- d = depth of flow (ft),
R = hydraulic radius = d for wide channels,
S = slope (ft/ft), and
n = Manning'’s coefficient.

For bare-soil conditions, n is equivalent to n, soil grain roughness. For vegetated conditions, nis
equivalent to n,, a combination of resistance due to soil roughness (ns) and vegetation (n,).

. Table 5 summarizes the stebility of the 100-year precipitation on bare-soil conditions, and Table 6
Q ) summarizes long-term stability of the PMP event on poorly vegetated cover. More detailed calculation
tables can be found in Appendix A.

As shown by the resulting shear stress ratios in Tables 5 and 6, both the eolian/sheet wash on-site soils
and the weathered Mancos materials are too erosive to resist erosion (1) during the 100-year precipitation
without vegetation or (2) during the PMP event with vegetation. Imported coarse sandy gravel with Dys of
1.1 inches would be adequate as a soil cover. The sandy gravel will adequately resist erosion to the
100-year precipitation without vegetation, and can also resist erosion from the PMP event, assuming at
least a poor stand of grass or equivalent is established on the cover.

Table 5. Ero'sidriéi Sfability of 41'00-Year Pr'e'cipi.tétient on Bare Soil

.Top Slope (ft/ft) 2.0 percent
- 100-Year Flow (cfs/ft) 0.20
. COncentratlon Factor 3 . - B
Cover Soll EollanISheet Wash o Weathered Mancos (s;?:\%
-Soil Charactenstlc ) - PI=s5 - ~ Pl=10° - ' ‘Dz=1.1in
"~ Ng S |- - 0.0156 _-0.0156 -~ -~ | ©--0.0260
: ~Depth of flow,d (ft) - - - | 015 - - - 045 o ol 0.21
" Allgwable shear'stress, T, (psf) - | ©0018- | 0038 = © 0.440
Effective shear stress, 7, (psf)’ 0193 | ..0493 . | o262
‘Shear stress ratio®. - .. .040 | . . "0.20 - 1.~ 168
Design criteria is shear stress ratio of 1.0 or greater :
* U.S. Department of Energy . Erosional Protection of Disposal Cell Cover
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Table .6. Erosional Stability of PMP on Poorly Vegetated Cover

~ Top Slope (ft/ft) 2.0 percent .
. PMP Flow (cfs/ft) 1.35
Concentration Factor 3 -
Cover Soil Eolian/Sheet Wash Wﬁ::‘h;::d Coarse Sand
Soil Characteristic S Pi=5 Pi=10 ’ Dzs=1.1in
Ns 0.0156 - 0.0156 0.0260
SN 0.0259 0.0259 0.0259
Ny . ] 0.0259 0.0259 0.0332
Depth of flow, d (ft) - 0.659 0.659 - 0.766
- Allowable soil shear stress, 7 (psf) 0.018 0.038 - 0.440
Allowable vegetated shear stress, 7 va (psf) 2.01 2.01 . 2.01°
Effective soil shear stress, 7, (psf) 0.2236 0.2236 0.4387
L ‘Effective vegetated shear stress, -7 vo (psf) 0.5993 . 0.5993 0.5166
Shear stress ratio (soil)® - 3.35 . 3.35 ‘ 3.88 -
. ‘Shear stress ratio (vegetation)® 0.08 - © 017 - 1.00

Design criteria is shear stress ratio of 1.0 or greater

Rock Mulch Sizing for the Top Slopes -

" In addition to analyzing the top slope as a soil c‘over, the erosional stability of a rock mulch is also

- analyzed, using the Safety Factor method, as recommended in NUREG/CR-4620 (Nelson et al. 1986)

and NUREG-1623 (Johnson 2002) for slopes less than 10 percent. The safety factor against erosion for
any given rock is calculated as:

X
SF = coso tan.¢
_nXtang+sinx

where:
~ a = angle of slope measured from horizontal,
¢ = angle or repose of rock, and -
1 = stability number.

The stability number is calculated as:
' 21z,
=
| (S, -1iD
where: o R C a
T, = bed shear stress (psf),
Ss = specific weight of the rock,
v = specific weight of water, o , ,
D= representatlve rock size (ft), C B o _—

and:
where

d= depth of flow (ft), and
s= slope (ft/ft)

U.S. Department of Energy : Erosional Protection of Disposal Cell Cover
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The key parameters used in the rock mulch srzmg calculations are outlined below in Table 7. For a PMP
event, a factor of safety slightly greater than 1.0 is recommended (NUREG/CR-4620). The method
assumes uniform sheet flow across the entire drainage basin. The peak unit discharges due to the PMP
(Table 8) were used to represent flow conditions on the top slope. A concentration factor of 3 was tised to
account for potential flow channelization. The angle of repose and specific gravity of rock were assumed
and will need to be verified for final desrgn More details of the calculation can be found in Appendix A.

Table 7. Rock Mulch Sizing for Top Slope Using Safety Factor Method

Top Slope (ft/it) 2.0 percent
|_Angle of repose of rock (degrees) 37
Specific Gravity of rock 2.65
PMP unit flow (cfs/ft) - : 1.35
" |_Concentration factor 3 :
Design flow (cfs/ft) . - 4.05 -
Dso rock mulch (in} - 2.2
Factor of Safety 1.02

Riprap Sizing for the Side Slopes

The erosie'nal stability of the side slopes is enalyzed using Stephenson’s method (Johnson 2002) and Abt
and Johnson’s method (1991), as discussed in NUREG-1623. These methods are recommended for
slopes greater than 10 percent. The median rock size (Dso) using Stephenson’s method is calculated as:

wN

7 L
gx(tan8)s xn®

Dy, = ] s
Cg2[(1—n)s—1)cosO(tan g — tan 8)]3
where: :

g = unit discharge (cfs/ft), .

0 = angle of the slope measured from horizontal,

n = porosity of rock,

C = factor varying from 0. 22 for gravel to 0.27 for crushed granlte

g acceleration of gravity,

" s =relative density of the rock, and
¢ = angle or repose of rock.

The Dso rock sizes using the Abt and Johnson method is calculated as:

» 'Dso = 5.23S0.43q0.56 Co
where: . R o

q = unit discharge (cts/t), and

S= Slope (ft/t). ' :

The key parameters used in the rock mulch sizing calculatrons are outlrned in Table 8. More detalls of the
_calculation can be found in Appendlx A ‘ . ,

U.S. Department of Energy . . Erosional Protection of Disposal Cell Cover
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Table 8. Rock Mulch Sizing for Side Slopes

Average of Stephenson/

| Method ‘ Stephenson - Abt and Johnson | © Abtand Johnson
U : Sld(t:usf:;ape . 20 Percent 20 Percent . 20 Percent
Area A2 A3 A4 AS A2 A3 A4 . AS - A2 | A3 A4 A5
South | West | North.| East | South | West | North East South | West | North | East
PMP unitflow [ 457 514 | 0 0.10 | 019 7 | 014 | 010 | 0.1
(cfsht) . .14 _ .10 0.19 1.37 0.14 ‘ 0.10 . 1.3 . 0. .19
Concentration ‘ .
factor 3 3 3 3 3 3 3 3 3 3 3 3
Coefficient of
Movement .- -- - - 135 | 1.35 | 1.35 | 1.35 - - -
Designflow |- .., |. : . . - .
(cfs/tt)” 412 |1'043 | 030 | 056 | 556 | 058 | 0.41 0.76
Dso for ’ ’ . .
angular rock 9.5 2.1 1.7 2.5 6.8 1.9 1.6 2.2 8.2 2.0 1.6 24
~ (in) o .

The method assumes uniform sheet flow across the entire drainage basin. The peak unit discharges due
to the PMP (Table 3) were used to represent flow conditions on the top slope. A concentration factor of 3
was used to account for flow channelization. The angle of repose and specific gravity of rock were
assumed and will need to be adjusted (if necessary) wrth actual source characteristics.

Usnng an average of results from Stephenson s and Abt and Johnson’s methods, the side slopes will have
"a median rock size ranging from 1.6 to 2.4 inches for the north, east, and west slopes, and a median rock
size of 8.2 inches for the south slope. If rounded rock is used for erosion protection; the median rock size
should be increased by approximately 40 percent (Abt and Johnson 1991). In addition, median rock size

may be oversized for durab|I|ty consrderatlons once the rock source has been identified.

U The rock protection layer thickness should be at least 1.5 to 2 times the median rock size.

Sensitivity of Required Rock Size of Rock Mulch and Rtbrap'Protection to Cell Configuration

The rock mulch on the top of the disposal cell and the riprap on the snde slopes has been designed for
minimum Ds, rock size based on the cell configuration given in Figure 1. Figure 2 and Frgure 3 are
presented to show how changes in the disposal cell configuration may affect the rock sizes required for
erosion protection, or conversely, what changes in the disposal cell conflguratron would be required in
order to be able to use an avarlable rock size. _

Wind Eroston
« - _
The potential for wind erosion of the top. surface of dlsposal cell dunng drought condmons was evaluated
using the MUSLE method, as presented in NUREG/CR-4620 (Nelson et al. 1986). Three potential cover
‘materials were evaluated: (1) on-site sheet wash/eolian soils, (2) on-site excavated weathered Mancos
shale, and (3) imported coarse gravel _
~

-
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Figure 2. Required Ds, for Top of Disposal Cell.
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The soil loss equation was calculated as'tollows:
A= RXKXLSXVM

where:
‘ A = soil loss in tons per acre per year,
R = rainfall factor,
K = soil erodibility factor,
LS =topographic factor, and
VM = dimensionless erosion control factor relating to vegetative and mechanical factors.

The rainfall factor is 30, as g'iven in NUREG/CR-4620 for the eastern third of Utah. The soil erodibility
factor was estimated using the nomograph given in NUREG/CR-4620. :

The topographic factor is calculated by the following equation:

_ 650+450% s +65x s’ x( L )
10,000 + s 72.6

where:
s = slope steepness in percent,
L = slope length in ft, and
-m = exponent dependent upon slope steepness

The dimensionless erosion control factor used was 0. 4, from Table 5.3 of NUREG/CR-4620 representing
seedings of 0 to 60 days to mimic Iught vegetatlon on the cover. Table 9 summarizes the results of the soil
loss equation.

Table 9. Hesults of Soil Loss Equation

Soil Cover L Sheet Wash/Eolian Weathered Shale Coarse Gravel

Rainfall factor, R . 30 . - 30 30 -
Silt and very fine sand (%) . 60 ) 55 . 10

1 Sand (%) N - 25 . . 5 : : 20

- Organic matter (%) .2 2 0
Soil structure . Very fine granular Blocky, platy or massive Med. or coarse granular
Relative permeability o Moderate ) Moderate : Moderate to rapid
Erodibility factor . . .. 0.35 - e - 0.26 P - 0.05
Topographic factor, LS~ -~ -~ - .-0850 - |- 050 - ' . 050" .
VM (low density seedings) - . |-~~~ 04 - -l .- 04 - - S 04 -
Soil loss (tons/acre/year) - - | -~ . 209 K - 1.56 : c- 030 - -
Soil loss (inches/1,000 years) .. 11.5 ’ - 86 - - - - : 1.6

The soll Ioss equatlon shows that the potential for sheet erosion is unacceptably hlgh if elther the native
ssheet wash/eolian soils or weathered shale is used as a soil cover. The soil loss of less than 2 inches
‘over the life of the disposal cell for coarse gravel is acceptable; especially conS|der|ng vegetation is not
required for stability of thls material (butis requnred for stabmty of native soil cover to protect against PMP _
event) , . _ :

U.S. Department of Energy Eroslonal Protection of Disposa! Cell Cover
June 2006 - , Doc. No. X0175500
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- Riprap Sizing for Rock Aprons

Additional erosion protectlon will be provided for runoff from the east, west, and, south-side slopes of the
disposal cell with a rock apron. The north side of the disposal cell will receive runoff from the upland area
north of the cell, and will require a diversion channel. The design of this diversion feature will be covered -
in a separate design calculation (Placeholder Reference, DOE 2006). The penmeter apron will: (1) serve
as an impact basin and provide for energy dissipation of runoff, (2) provide erosion protectlon and

* (3) transition flow from side slopes to natural ground. The median rock size required in the perimeter
apron was calculated using the equations derived by Abt et al. (1998) as outlined in NUREG 1623 as
follows:

D

S0energydissipation

— 10.46So.43 (qud )0.56

where S is the slope, C; is the concentration factor, and qq is the design unit discharge.

Based on Table 10, the rock apron should have a median rock size of 13.7 inches along the south toe '
and between 3.2 and 4.5 inches along the east and west toes. Oversizing will be required for rounded
rock or for durability considerations. The width of the apron should be a minimum of 15 times the median
rock size or construction width. Rock apron thickness should be a minimum of 3 times the median rock
size. :

Table 10. Riprap for Toe Apron

" Method Abt et al. (1998)
*Side Slope (ft/ft) 20 Percent
Area A2 South . A3 West A5 East
PMP unit flow (cfs/ft) = - 1.37 0.14 1 - 0.19
Concentration factor - 3- 3 3
Coefficient of Movement - - - 1.35 1.35 : 1.35
Design flow (cfs/ft) 5.56 0.58 0.76
Dso for angular rock (in) - - 13.7 3.9 4.5
Minimum apron width (ft) - 17 ) 5 6
Minimum apron thickness (in) 41 : 12 14

The maximum unit flow off the south toe is 1.37 cfs/ft. Using this maximum flow, and an assumed slope of
the rock apron of two percent, the maximum scour depth was calculated using procedures outlined in
NUREG 1623 (Johnson 2002) and U.S. Department of Transportation (1 983) “The maximum scour depth
from flow coming off the rock apron along the south side of the disposal cell is estimated to be 1 ft.
Therefore, the bottom elevation of the rock apron should be placed a minimum of 1 ft below natural
grade. Details of calculatlons can be found in Appendlx A

Beddlng Requlrements

NUREG- 1623 Appendlx D, recommends a fllter or beddlng layer be placed under erosion protectlon if
interstitial velocities are greater than 1 ft/sec, in order to prevent erosion of the underlying soils. Bedding
is not required if interstitial velocities are less than 0.5 ft/sec, and recommended depending on the ,
-characteristics of the underlymg soil |f velocities are between 0.5 and 1 ft/sec. -

U.S. Department of Energy ' Erosional Protection of Disposal Cell Cover
June 2006 . ’ . . Doc. No. X0175500
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Interstitial velocities are calculated by procedures presented by Abt et al. (1991) as given in the following
equation:

V, =0.23*(g*D,, *§5)?
where: '
' V, = interstitial velocities (ft/s),

g = acceleration of gravity (fv/s?),
Dy, = stone diameter at which 10 percent is flner (inches), and
S = gradient in decimal form. :

The maximum Dy, of the erosion protection is estimated based on Ds, required for erosion protection,
assuming the erosion protectlon will have a coefficient of uniformity (CU) of 6 and a band width of 5. Band
width refers to the ratio of the minimum and maximum allowed patrticle sizes acceptable for any given
percent finer designation. USDA (1994) recommends CU to be a maximum of 6 in order to prevent gap-
grading of filters. Table 11 summarizes the results.

. Table 11. Results of Bedding Requirements

‘A2 A3 A4 A5
- ' A2 A3 A5
‘A1 ] South West North .| East
Location | top [ 'side | Side | Side | Side | pouih | West | East
Slope Slope | Slope | Slope | ©*PTOn | APFO! P
Minimum Dso ' ' ' »
. (inches) 2.2 8. 2 2.0 1.6 2.4 13.7 3.9. 45
Maximum Dip ‘ . .
(inches) 0.9 2.5 - 09 0.9 ‘ 0.9 43 1.2 14
Slope (%) 0.02 . 0.2 . 0.2 0.2 -0.2 0.02 0.02 - 0.02
Interstitial - » ' : ¥
Velocity (ft/s) 0.18 ' 093 0.57 0.57 0.57 0.38 0.20 ) 0.22

The calculated interstitial velocities on the top slope and toe aprons are low enough that a bedding layer
is not necessary. However, the interstitial velocities within the erosion protection on the side slopes are
within the range of values where bedding is conditionally recommended. Because of the erosive nature of
the native soils in the area that will likely be used underlying the erosion protection, a bedding layer is -
recommended beneath the rock protection on the side slopes.

Conclusion and Recommendations-

= Rock mulch with median rock size of 2. 2 inches is recommended for the top slope of the disposal celI

. Angular riprap protectron with a median rock size of 8.2 inches is recommended for the south-side
slope, and a median rock size of 1 6to2. 4 inches is recommended for the east- north- and west-side
. slopes.

* Rock sizes should be ad;usted if rock is not angular or does not meet NRC durability requrrements o
(without oversizing). .

» The riprap on the side slopes should be underlaln wrth a beddmg Iayer that meets filter cnterra with the
riprap and the underlymg soils. : :

= Atoe apron should be provrded at the base of the east, south and west-side slopes Medran rock sizes
of 4.5, 13.7, and 3.9 inches, respectively, should be provided. The apron should be constructed such
that the bottom elevatron of the rock apron is a minimum of 1 ft below natural grade to protect against
scour.

» Figure 4 summarizes the drfferent components of the erosion protectron for a typical section drawn
through the south-side slope. .

U.S. Department of Energy : Erosional Protection of Disposal Cell Cover
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Appendix A |
Supporting Calculatio’ns |




Client: Stoller | _ C Job No.: * 181268
Project: Crescent Junction Disposal Cell Date: 5/2/2006
Detail: Erosion Protection Computed By: RTS

100-year precipitation event

Values from NOAA Table (DOE 2005) Interpolated Values
. _ . -~ |Interpolated
Storm Duration | - , Intensity ~ ||Storm Duration {Interpolated . Intensity
lmin) . Precip (in) |{in/hr) . [((min) - |Precip (in) (in/hr) - .
» 5 0.53] - . 6.36| . .0 .. 0.53 6.36
10} .~ - 08] -~ 4.8 5 0.53 6.36]
. 15 . 099] . 3.96 6 0.58 . 5.80]
30] - . 1.33 : 2.66 7 0.64 5.49
60] .. 1.65] 1.65 8 0.7 5.25
120] 1.82 - 0.91 9 0.75 5.00]
‘ 10 0.8 4.80
11 0.85 4.64
12 - 0.89] : 4.45]
13 - 0.93 4.29]
14] - 0.96 4.11
15 0.99 3.96
16 1.02 3.83
17 1.04 - 3.67
18]. = 1.08] 3.60
) i .19 1.1 - 3.47
o’ . : 20 1.13] 3.39)f
1.123 o A O R
T 16 . i e
S 14 SEREREREEN |
7 1.2 ST RS : S s U N My Gy~ ST Sy
g ; { . | ""‘!"—?‘T—" ‘—Q—Premp (in)
= 0.8 m o | = interp. values
:_5 0.6 0/,,/0/‘ - t i I e ][’ A
e 04 - - [‘. JURS SV (R A S l. O
0 . A F—
56 7 8 91011121314151617 181920
Rainfall Duration (min)

‘, ) P:\181268\RAP\erosional stability\ripraprev2:1 00yr prebip
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Client: " Stoller” Job No.: 181268

Project: . CresCent'Junctioh Disposal Cell Date: 4/28/2006
Detail: - Eroslon Protection . Computed By: RTS
PMP Event

" PMP calculation from Calc. No.: MOA-02-08-2005-2-08-00, Site Drainage—Hydrology Parameters
- Use values for drainage area <1 square mile

Table 2. Estimated Précipitatioh Depths For Local-Storm PMP, Crescent Junction, Utah Site

P:\181268\RAP\erosional stability\ripraprev2:PMP

, S First. . ) . . Fourth _Fifth Sixth
Hourly Increments Hour |Second Hour| S Third Hour " Hour Hour Hour
PMP Depths (inches)]: . . |- . , ‘ T
o -0 01 | o 82. 0.6 0.1 0
Third-Hour ' - ‘
Component Depths : - :
. (inches) - . 7.1 0.5 0.4 0.2




Client: Stoller’ Job No.: 181268
Project: Crescent Junction Disposal Cell Date: 5/2/2006
Detail: Erosion Protection Computed By: RTS -

Time of Concéntratlon

1-hour PMP (in) 8.2
For top slopes of 2.0%, side slopes at 1V:5H
Incremental Slope -Time of Concontratlon (minutes) .
Drainage Area | Slope Length Brant and % of 1- - Intensity
Description (acros) {feet/foat) | (feot) | Kirpich | scs loberman = | Average |hour PMP|PDewe (in))  (in/hr)

A1, top ! 213.91 - 0.02 2130 12.9 12.9 11.7 12.5 69.4 -5.7 274
A2, slope 16.10 0.2 - 170 -] 136 13.6 14.0 13.7 72.0 5.9 25.8
A3, slope - 4.82 0.2 - 115 -~ 0.6 0.6 2.0 2.5 27.5 2.3 54.2
A4, slope 7.19 0.2 .80 0.4 : 04] - 1.8 2.5 27.5 2.3 54.2
AS, slope 6.43 - 0.2 - 150 0.7 0.7 2.2 2.5 27.5 23 54.2

Note: Flow over A2 includes flow from A1

Source: Brant and 0berrhan(1975) as presented in UMTRA TAD (1989)
Formula: tc=C(L/Si*2)*(1/3).
Source:Kirpich (1940) as presented in NUREG 4620

Formula: t¢=0.00013*1.20.77/S*0.385 with L in feet, tc lﬁ hours

Source: SCS as presented in NUREG 4620
Formula: tc=(11.9LA3/H)*0.385 with L. in miles, H in feet, t in hours
% of one-hour PMP=RD/(0.0089*RD+0.0686) for tc<15 min based on Table 4.1 of TAD

& ) P:\181268\RAP\erosional stabllity\ripraprev2:Time of concentration




Stoller

Client: Job No.: ‘ 181268
Project: Crescent Junction Disposal Cell Date: 5/2/12006
Detail: Erosion Protection Computed By: RTS
Unit discharge of PMP
Top slope =2.0%
‘| Total Drainége Intensity longest slope | unit discharge
Description Area (acres) Tc (min) (in/hr) . Q (cfs) length (ft) (cfs/ft)
A1, top . 213.91 1 125 . 274] 5863.3 2130 1.35)
A2, slope '230.01 1 -13.7 25.8] 5928.1 2300 1.37]
‘A3, slope - 4.82 1 2.5 54.2 261.0] 115 0.14]
1. A4, slope . 7.19 1] 2.5 54.2 389.4| 80 0.10
AS, slope - 6.43 -1 A 2.5 54.2 348.2 150 0.19)1

Note: Flow over A2 includes flow from A1

& ) P:\181268\RAP\erosional stability\ripraprev2:FIow-PMP :




Client:

Job No.:

. Stoller . ¢+ 181268
‘ ) Project: . Crescent Junction Disposal Cell Date: 5/2/2006
w’  Detalil: Erosion Protection Computed By: RTS
Unit discharge of 100-year precipitation -
Top slope =2.0%
) Total Drainage . : K .Precip. Intensity | - longest slope | unit discharge
Description Area (acres) C Tc (min) |Depth (in)] (in/hr) Q (cfs) length (ft) (cfs/ft)
A1, top - 21391 09] - 125 0.9 4.5 856.7 2130 0.20
A2, slope . 230.01 0.9 13.7 0.9 4.3 888.5 2300 0.21
A3, slope 4.82 - 0.9 2.5 0.5 6.4 27.6 115 0.02
- A4, slope - - 719 0.9 2.5] - 0.5 6.4 41.2 80 0.01
- [L_AS, slope 6.43 0.9 2.5 0.5 6.4 36.8 150 0.02
rom A1

Note: Flow over A2 includes flow

& ,) P:\181268\RAP\erosional stability\ripraprév2\ripraprev2:Flow-i 00yr
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-/

) |1oo-y5 Design flow (cfs/m)
PMP Design flow (cfs/M)

Client:
Project:
Detall:

Temple Method for 2% Top Slope

Stoller .
Crescent Junction Disposal Cell
Erosion Protection

Job No.: 181268
Date: . 8212008
Computed By: RTS

Reference: Templs, D.M., Robinson, K.M., Alving, RM., and Davis, A.G., 1987. Stability Design of Grass-Lined Open Channels, USDA Handbook 667,
And as presented in UMTRA TAD Section 4.3.3 and NUREG 1623, Appendix A .

native soil is dasslﬁed as CLML with average values of LL=22, Pl=4. %fines=70
This doesn't truly fit any of Temple's soil types, as Pl Is less than 10, but also not a sand

Concentranon Factor, F

_"_lcf_ﬁ’“).
cfsf). q
ensity (pcf) 103](at 85% modified proctor)
wﬁc gravity
jvoid ratio, &
lunit weight water {pcf)
fSWor SP i CL lif ClLweathered  [tfML If imported coarse
- /s ash Han/! | . eofian/sh h [sand '
475 (inches! <05 . _| - (K] |
Piasticity index, Pl - - 5 0] 5
End-of-construction, 100-yr precip
Manning's n for [1 0.0158 0.0156 0.0156 . 0.0156 0.0260;
assumed depth of fiow, no veg (1).d . 0.15]- 0.45 o.q o.g, 21
Icutated q (cfs/ft), no v - e - 060f-. - . -.-0.80] - -~ 0.60 .~ - 060] - - - - 0.80
iterate with d until calc. q equals designq - . - - j
vel v, N0 fUs; 3.88] 3.88 3.88 3.88 286
base allowabie tractive shear stress (psf) tab= 00 45;5" 0.02977] . 0.00744
void ratio cofrection factor, Ce= 1.124541359 1.424541359 1.12454 1359,
allowable tractive shear stress (psf), ta= - 0.020 0.018 0.038 0.009 0.440)
Ieﬂactivu shear stress (ps). te (no veq) 0.193 T 0193 193 D.19_3| o‘zTgl
shear strass ratio, end of construction - 0.10] 0.10; 0.20 0.05] ~ 168
Limit stope such that shear stress ratio is 1.0
0.08% _0.07%} 0.19% : 0.03% 4.17%
Long-term, PMP precip -
Rapr. stem th (in) h(ave)
good v 1 1 1 1 1
poor %l 0.3 0.3 0.3 0.3 0.3,
Repr. stem density (stems/sq in), M{ave) -
- good 50| 50 50 50 50)
. ‘ poor :a 17] 17 17 17 17
Retardance curve index, Ci
good veg 4.80) . 480 480 480 - 4.80)
poor veg 2.67 2.67 267 2.67] 2.67
[Cover factor, Cf -
good veg 05 0.5 0.5 0 _s:i o_.§|
poor 0.25) - 0.25 0.25) 0.25 0.25
jaliowable vegetated shear strength (psf). tva
3.60] 3.60 3.60 3.60] 3.60}
poor veq 2.01 - 201 . 2.01 - 2.01
Mannings n for sofl roughness, ns= 0.0156 T 0.0156] 0.0156] . 0.015 0.0260)
Mannings n for vegetal conditions, nr - __‘I -
good 0.0388] - 0.0388 0.0388 0.0388 - 0.03838|
poor 0.0259 0.0259 0.0259 0.0259 0.0259)
[Mannings n for vegetated slopes, nv .
ood 0.0388 - 0.0388 0.0388 0.0388 0.0440)
i 0.0259 - 0.0259 0.0259 0.0259I 0.0332
assumed depth of flow, d (ft : ___I
—0.840 0.840 0.640] 0,640 A 0.806
- - m:§1 ~0.659] 0. aT_si ~ o.c% 0.659) - 0.766
jcalculated g (dsmt, with veg _-, _{ [ :’ -
- 4.08! - 4.05 4.08, - 4.08 4.08]
4.05) - 4.05 4.05 .- 4.05 - 405
_runt- with d until g calc gulll ] do-lg_n ~ — :
v-locﬁyiﬂls). -
good : 482 482 _482] 4.82| 447
wgl - 614 6.4 614 614 5.2‘_9'
offective shear stress (psf), te - { - - - . .
- -___good 0.0848 0.0848 0.0848! 0.0848 0.1973' |
> poor 0.2236 0.2236 0.2236 0.2236 0.4387
jeffactive veg shear siress (psh) e - K - _l g -
- - - good - 0.9629 . 0.9629 0.9629! - 0.9629 0.9330
poor 0.5993 L 0.5993 0.5993 - 0.5993 . 0.5166'
. - 5 - - 1
Jchear stress ratio, vegetated slope S ] - - R - : .
: 374 374 3.74 374 386
poor 3.33 3.35 3.33] 3.33 - 388
shear stress ratio, 8oil on vegetated slope - { - - -
e _good 0.24 . 0.22] 0.44] - 0.11 2.23]
poor% 0.09 - 0.08 0.17] 0.04] - . 1.04

u P181268\RAP\erosional stabllity\ripraprev2iTemple $=0.02




Client: Stoller Job No.: 181268

Project: Crescent Junction Disposal Cell . Date: 5212006
t ) Detail: Erosion Protection Computed By: RTS
-’Safety Factor Method

Appropriate for evaluating rock stability from flow parallel to cover and adjacent to the cover.
Design for SF of 1.5 for non-PMF applications, and slightly greater than 1.0 for PMF
Use for slopes less than 10 percent

Top Slope

- ” Slope (ftft) 0.02

angle a (rad) : 0.020
o See Fig 4.1 of TAD or Fig 4.8 of NUREG 4620, typically
Angle of repose of rock (degees) 37 between 32 and 42 for angular, 29 and 41 for rounded
Angle of repose of rock (rad)) 0.646 .
Specific gravity of rock 2,65
PMP unit flow (cfs/ft) 1.35 (max from *flow-PMP" worksheet)
Concentration Factor - 3 Typically between 1.1 t0 3.2
design flow (cfs/ft) 4,05
design flow over rock (cfs/f) . 4.05 assumes negfigible flow through rock
Assumed DSO0 (in) #1 . 2
Assumed D50 (in) #2 21 .
- Assumed D50 (in) #3 22
Assumed D50 (in) #4 S 23 . : . .
Assumed D50 (in) #5 24
Manning's n for rock #1 0.0273 Abt et al. 1987 as presented in UMTRA TAD
Manning's n for rock #2 ’ 0.0275 .
Manning's n for rock #3 . 0.0278
Manning's n for rock #4 0.0279
Manning's n for rock #5 0.0281
Assumed depth of flow for rock #1 (ft) 0.681
Assumed depth of flow for rock #2 (ft) 0.684
Assumed depth of flow for rock #3 (ft) 0.687
Assumed depth of flow for rock #4 (ft) 0.690
k ) ) Assumed depth of flow for rock #5 () - . 0693 -

Calculated flow for rock #1 (cfs/ft) 4.05
Calculated flow for rock #2 4.05
Calculated flow for rock #3 4.05
Calculated flow for rock #4 4,05
Calculated flow for rock #5 4.05

modify depth of flow until calculated q = design q

calculated velocity for rock #1, (fts) 5.95
calculated velocity for rock #2, (ft/s) T 592
calculated velocity for rock #3, (ft/s) 5.80
calcutated velocity for rock #4, (fUs) 5.87 .
calculated velocity for rock #5, (ft/s) . 5.85 . .,
ave shear stress, tforrock#1 - 0.85
ave shear stress, 1 for rock #2 085 .
ave shear stress, 1 for rock #3 0.86
ave shear stress, 1 for rock #4 0.86
ave shear stress, tfor rock #5 . 0.86
Stability number for rock #1 o 1.040
Stability number for rock #2 0.995
Stability number for rock #3 : 0.954
Stability number for rock #4 : " 0916
Stabllity number for rock #5 S 0.882
Factor of Safety for rock #1 o - 0.94
Factor of Safety for rock #2 . .0.98 - P
Factor of Safety for rock #3 . - 1.02
Factor of Safety for rock #4 1.06
Factor of Safety for rock #5 . - -110

Adjust assumed D50 until deslgn criteria for Factor of Safety Is bracketed

U P:\181268\RAP\erosional stability\ripraprev2:Safety Factor Method
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181268
§/9/2006
RTS

Client: . Stoller . . : Job No.:
Project: ' 4 . Crescent Junction Disposal Cell Date:
Detall ’ Erosion Protection Computed By:
Abt METHOD (Abt and Johnson, 1991) applicable for slopes of 50% or less.
Equatlons assume specufc gravity of rock is 2 65 or greater and angular rock.
For rounded rock, Increase size by 40%.
ROQK SIZING EQUA_TION  'ds0= 5.23'8"0.43q"‘0.56
Area . : A2 A3 A4 AS
Side Slope (ft/ft) ) 0.2 -0.2] 0.2] - 0.2
angle a (rad) . 0.197] - 0.197 0.197 0.197,
. IPMP unit flow (cfs/ft) 1.37 0,14} 0.10].- 0.19]l(max from *flow-PMP" worksheet) .
.[[Concentration Factor 3[. 3[ 3 3| Typically between 1.1 t0 3.2
[[Coef. Of Movement - 1.35 1.35 1.35 1.35/|1.35 to prevent movement
Fesign flow (cfs/t) . - 5.56 0.58 0.41 0.76
lidesian flow over rock (cfs/ft) 5.56 0.58 -0.41 0.76[[assumes negligible flow through rock
||050 (inches) angular 6.8 1.9 1.6 2.2
D50 (inches) rounded 9.6 2.7 2.2 3.1
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-Client: Stoller Job No.:

-Project: ‘Crescent Junction Disposal Cell Date:

Detail: ‘Erosion Protection Computed By:
STEPHENSON S METHOD FOR SIZING RIPRAP

Applicable for shallow flow on slopes greaterthan 10%

Area: A2 A3 A4 A5

slope (ft/ft) 0.2 0.2 0.2 0.2

slope angle a (rad) 0.197 0.197 0.197 0.197, _ .

- ' - 1 - See Fig 4.1 of TAD or Fig 4.8 of
NUREG 4620, typically between 32
R | . . " |land 42 for angular, 29 and 41 for

Angle of repose of rock (degees) - 41 41 410 41|rounded

[Angle of repose- of rock (rad)) 0.716 0.716 0.716 0.716

Specific gravity of rock 2.65 2.65]." 2.65 2.65)-

{Dry unit weight of rock (pcf) 125| 125 125] 125
[lPorosity of rock: - 0.32288 0.32288 0.32288 0.32288]] -
l o I _ varies from 0.22 for gravel and

c - . 0.22 0.22 0.22 0.22f|pebbles to 0.27 for crushed granite
{{PMP unit flow (cfs/ft) ” 1.37 0.14 0.10 0.19]l(max from from "flow" worksheet)
[ilow concentration S 3| 3 . 3 3

'@n flow (cfsift) - - - 4.12 0.43 0.30 0.56

design flow over rock (cfs/ft) 4,12 0.43 0.30 0.56|lassumes negligible flow through rock
ID50 (inches) for angular rock 9.47 2.1 1.65] - 2.52

- |ID50 (inches) for rounded rock 13 25 2.95 2.32 3.52
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Client: Stoller S Job No.: 181268
Project: Crescent Junction Dlsposa| Cell Date: 2/6/2006

Detall: . Erosion Protection _ Computed By: RTS

Prehmmary Gradatlons

This spreadsheet calculates prefiminary gradations of riprap based on D50
Source: NUREG 4620
- Source: USDA, Natlonal Englneering Handbook Part 633, Chapter 26 Gradation Design of Sand and Gravel Fllters, October 1994

Area - - ML A2 A3: Ad A5 - A2 Apron A3 Apron A5 Apron Comment
. . S Assuming angular rock, average between Abt and
- Minimum D50 (in) : .-220 . 845 202 1.62 238 13.68- 3.87 4.49 Stephenson methods
L o R : Based on constructabihty 2'D50. May consider 12" as
Rock thickness (in) - - _ 6.00 - 16.31 6.00 6.00 6.00 27.36 7.75 8.99 minimum thickness for rock.
Maximum D50 (in) - . 4.00 1087 400 - 400 - 4.00 18.24 5.16 5.99 Based on constructability: Thickness/1.5
Maximum D50 (in) 11.00 - 40.77 10.11 8.09 1191 - 68.40 19.37 22.47 Prevent gap-grading: ‘minimum D50*5
Maximum D50 (in) © 4.00 10.87 ‘4,00 400 . 400 18.24 5.16 5.99 Smaller of two above criteria
Maximum D100 (in) . - 6.00 " 16.31 6.00 6.00 6.00 27.36 7.75 8.99 Based on constructability: 1*Thickness
Maximum D100 (in) . 2000 . 5435 20.00 20.00 20.00 91.20 25.82 29,97 Based on internal stability?: 5*maximum D50
Maximum D100 (in) ' 6.00 16.31- . 6.00 6.00 6.00 27.36 7.75 8.99 Smaller of two above criteria
Mintmum D100 (in) ' 440 -1631  -4.04 3.24 4.76 27.36 7.75 8.99 Based on intemnal stability: 2*minimum D50
Minimum D15 (in)" - ' ‘038 . " 1.02 0.38 0.38 0.38 1.71 0.48 0.56 Based on internal stability: Maximum D100/16
Maximum D15 (in) - - 1.88 5.10 1.88 188 - 1.88 8.55 242 2.81 Prevent gap-grading: Minimum D15*S
Minimum D60 (in) . 308 1141 2.83 226 3.33 19.15 5.42 6.29 Prevent gap-grading:” D60/D10<=6
Maximum D60 (in) . 560 - 1522 - 560 . 5.60 5.60 25.54 7.23 8.39 Prevent gap-grading: D60/D10<=6
Minimum D10 (in) : 0.51 1.90 047 0.38 0.56 3.19 0.90 1.05 Prevent gap-grading: D60/D10<=6
Maximum D10 (in) 093 © 254 093 0.93 0.93 4.26 121 - 1.40 Prevent gap-grading: D60/D10<=6 -
Summary . .
Percent Passing Diameter (mm)
50 56 207 51 41 60 347 -98 114
- 80 102 276 102 102 102 463 131 152
100 _ 152 414 152 152 152 695 197 228
100 112 414 . 103 82 121 695 . 197 228
15 10 26 . 10 10 10 43 12 14
- 15 48 129 - 48 48 48 217 61 7
R ~ 60 78 20 . 72 58 85 486 138 160
. 60 142 387 . 142 142 142 . 649 184 213
10 13 48 12 10 14 81 23 27
10- 24 64 24 24 24 108 31 36
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Client: Stoller - Job No.: 181268

Project: ) Crescent Junction Disposal Cell Date: 2/6/2006
Detail:‘ . Erosion Protection ’ Computed By: RTS '

Interstitial Velocities " .

Source: . NUREG 1623, Sectlon D o

- Abt SR, JF Ruff, RJ Wittler (1991) Estimating Flow Through Riprap, Journat of Hydraulic Engineering, Vol. 117, No. 5, May.
Area . ~ .- Al A2 A3 T A4 A5 A2 apron A3 apron A5apron

T L » ' . from Safety Factor Method, or ave of Abt,

Minimum D50 (inches) 220 - 8.5 2.02 1.62 2.38 13.68. . 3.87 4,49 Stephenson etc. assuming angular rock
Maximum D10 (inches) 093 - '; 254 .~ 0.93 093 ° 093 . 426 1.21 - 1.40 from preliminary gradation specs
Slope (ft/ft).- - , 0.02 .02 . 02 0.2 "02 ° 002 002 . 0.02 from preliminary disposal cell layout
Velocity (ft's) -~ .~ :0.18 093’ 056 . 0.56 0.56 0.38 0.20 * 0.22 calculated from Abt et al. (1991)
Underlying filter : . ' . . : <
required? _ no -~ maybee maype maybe _maype no  no no Per NUREG 1623, Appendix D, section 2.1.1
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Client Stoller /' ' SR Job No.:

Project: Crescent Junction Disposal Cell ) Date:
Detail: Erosion Protection . Gomputed By:

Modlf’ ed Umversal Sonl Loss Equatlon (MUSLE)

Source Clyde et al (1978) as presented in NUREG 4620 section 5.1.2
A-R*K'LS*VM g

181268
5/9/2006
RTS

S Sheet weathered coarse
Inputs forKfactor TR wash/eclian shale gravel/sand
Percent silt and very f' ine sand : 60 . 55 10
" Percent sand (0.10-2.0 mm) o 25 . 5 20
Percent oganic matter =~ . 2 2 0
Soilstructure . " - - No.1 No. 3 No. 3
" Permeability - -~ . No.3 = No.3 No. 2
Inputs for LS factor .- o g - ‘
Slope length (ft) - e 2130 2130 2130
slope steepness (%) . . 2 2 2
mexponent - - L 03 - 03 0.3 from table 5.2 of NUREG 4620
" - Lo o Sheet Weathered | Coarse
C SRS g Wash/Eolian | Shale Sand
"R Rainfall Factor o ‘ 30 - 30 30 From Table 5.1 of NUREG 4620 for eastern third of Utah
K Soil Erodibility factor =~ - . 0.35 0.26 0.05 [|[From nomograph Fig. 5.1 of NUREG 4620 -
fiLs Topographic factor . - ‘ 0.50 0.50 0.50 | :
VM Dimensionless erosion control factor 0.4 0.4 0.4 From Table 5.3 of NUREG 4620 for seedings, 0-60 days
A Soil Loss (tons/acre/year) . 2.09 1.56 0.30
A .. |Soil density (pcf) - L 100 . 100 100
A - '|Soil Loss (inches/1000 years - - .11.5 8.6 1.6
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Client:

} Project:

U Detail:
‘Apron Protection

Source:
Equation:

unit dlscharge (cfs/ft) -~

Cr

Cf

Cm

design discharge (cfs/ft)
" Slope (ft/ft)

D50 (in)

Stoller Job No.: + 181268
Crescent Junction Disposal Cell Date: 5/12/2006
Erosion Protection Computed By: RTS

Abt, SR, Johnson, TL, Thomton, CI, and Trabant, SC, Riprap Sizing
at Toe of Embankment Slopes, Journal of Hydraulic Engineering, Vol. 124 No. 7, July 1998

D50=1 0.46'8"0.43"qd"0.56

North South East West
0.10 137 - 0.19 0.14
1 1 1 1
3 3 -3 3
135 1.35 - 1.35 1.35
0.406164 5.557379 0.761558 0.583861
02 0.2 0.2 0.2

3.2 13.7 45 3.9
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Client: . Stoller A Job No.: . 181268

"~ Project: - L - Crescent Junction Dlsposal Cell Date: 5/12/2006
Detail: . " Erosion Protection Computed By: RTS

Scour depth is based on equatnons presented by FHA based on erosion a culvert outlets
Source: US Department of Transpoﬂatlon. Federal Highway Administration, Hydraulic Engmeenng Circular No 14, September, 1983

‘Flow over riprap- A2, south A3, west A5 east
Flow, q - e 137. - 014 0.19 cfs/ft -
gravity,g . - . . 322 32.2 32.2 ft/sh2
time,t - . ‘ o 15 15 15 minutes -
base time,to - I & [ 316 . 316 minutes
pso Co 137 3.9 4.5 in
pso .. . - "1.14 0.32 0.37 ft
Slope of Apron Co o 0,02 0.02 0.02 (ft/ft)
Manning'sn .- - o . 0040 0.033 0.034 COE (1970) for submerged riprap
" depth of _ﬂow '. ' 045 0.0 0.12 ft
velocity - ' : 3.06 1.41 1.54 ft/s
Native soils S : A
plasticity index of alluvial soﬂ S 5 5 5% from GEG, 2005 lab data
unconfined compressive strength 1.4 1.4 1.4 psi assumed value for silty clays (200 psf)
critical tractive shear (IbfftA2) - -0.254143 . 0.254143 0.254143
modified shear, number, S 7141606 15.15466 18.19436 -
d84 bedding: . N oo 0.12 0.12 0.12mm - Average for Eolian/shweet wash materials from GEG, 2005 lab data
d16 bedding T ~-0.002 0.002 0.002 mm Average for Eolian/shweet wash materials from GEG, 2005 lab data
gradation standard dev:atton, 7.745967 7.745967 7.745967 ’ ’
- gfadation classification - . graded graded graded
Depth
o 0.86 ' ) coefficients for clay with Pl 5-16
B 0.18 '
-0 5 : 0.1
oe . 137
equivalent depth, ye 0.45 0.10 0.12 ft
depth of scour (ft) - 0.98 0.22 0.27
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