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1 INTRODUCTION

A regional drainage study was performed for the Eagle River Station project. This
report summarizes methodology, input data, description of proposed drainage features,
and provides a basis for the design of the storm drainage system.

The scope of our study includes off-site drainage basins that impact the development,
and on-site basins defined for the historical conditions as well as the post-development
design. The proposed disturbed area is about 100 acres and the offsite drainage area
is 5.9 square miles. The total drainage area is divided into four major off-site basins,
eight historical on-site basins, and five post-development on-site basins.

Offsite flows from this regional basin are concentrated at four locations along the north
side of Interstate 70 and discharged onto the site. A prior study titled “Red Mountain
Ranch, Preliminary Stormwater Control Plan and Pollution Control Plan”, by Nolte
Associates, Inc., dated January 2005, estimated the peak flows for the 100 year, 24
hour storm event to be 1140 cfs for the basin corresponding to Basin 1 in this report,
215 cfs for Basin 2, 183 cfs for Basin 3, and 5 cfs for Basin 4. These tributary flows
have historically traversed the property in natural channels and discharged into the
Eagle River. Onsite flows historically sheet flow to the south and concentrate at a
series of bridges and culverts along US Highway 6 which discharge into the Eagle
River.

The purpose of our study was to provide the data used to design dréinage features and
grading in a manner that controls flood waters from adversely affecting the proposed
development.

2 LOCATION

The Eagle River Station project site is located in Sections 27, 28, 33 & 34, Township 4
South, Range 84 West of the 6th Principal Meridian, Eagle County, Colorado. The
property is bordered by Interstate 70 to the north, and U.S. Highway 8 on the south.

3 METHODOLOGY
The project hydrology was analyzed using HEC HMS version 3.1.0.

The SCS Unit Hydrograph Transform and the SCS Curve Number Loss Method were
used to calculate the watershed runoff hydrographs. Historical drainage basins -
contributing to the project outfall were delineated using a combination of the USGS
Quad Sheets and topography from aerial mapping. Post-development drainage basins
were delineated from the proposed site grading plans. Watershed hydrologic soil types,
mapped by the County NRCS, were then delineated within the overall watershed.
Vegetative cover type was delineated from aerial photography calibrated by field
inspections (Appendix A).
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Curve numbers were assigned for each combination of hydrologic soil type and
vegetative cover type from Table 2-2, of the NRCS TR-55. A composite area weighted
average curve number was computed for each sub-basin (Appendix B). The post-
development model assumed 80% directly connected impervious area for all post
development basins.

The time of concentration and lag time for each sub-basin was determined using
methods outlined in NRCS TR-55 (Appendix D).

An SCS Type Hl Storm distribution was developed for the 100 year return interval. The
NOAA Atlas 2, Volume 1, provided precipitation estimates for the 24 hour duration
period, and regional methods for extrapolating the other required frequencies and

durations {Appendix E). The 100 year, 24hour, precipitation used in the model was 2.67
inches.

The 100 year, 24 hour, storm was the basis for determining the impact of stormwater

runoff on the proposed development. This configuration was then processed through
HEC-HMS.

4 RESULTS OF ANALYSIS

The tables below summarize the historical and post-development model results:
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HISTORICAL | DRAINAGE | 100YR/Z24HR POST- pRAINAGE | 100YR/24HR
o AREA(aC) | PEAKFLOW DEvELOPMENT | ol | PEAK FLOW
(CFS) MODEL (CFS)

BASIN 1 2.839.3 396.2 BASIN 1 2.839.3 3062
BASIN 2 4612 52.4 BASIN 2 461.2 524
BASIN 3 379.1 48.2 BASIN 3 3791 48.2
BASIN 4 108 53 BASIN 4 106 5.3
BASIN 5 8.3 35| . BASING 8.7 227
BASIN 6 7.0 19 BASIN 6 0.1 243
BASIN 7 07 34 BASIN 7 264 445
BASIN 8 36 0.9 BASIN 8 37.0 758
BASIN 9 70.0 17 BASIN O 131 333
BASIN 10 45.2 53 B 32184 3571
BASIN 11 K 0.7 B2 4612 52.4
BASIN 12 12.8 21 B3 379.1 48.2
B 2.839.3 396.2 B4 106 53
B2 461.2 52.4 01 8.7 7.7
B3 379.1 48.2 02 3.255.0 4334
B4 106 5.3 03 511.3 107 4
01 3874 8.8
02 79 10
03 2.853.6 306.9
04 10.0 17
05 5105 55.6
06 12.8 21




The resulting flows and storm volumes at each basin and outfall are also reported in
Appendix E.

As a check of our model calibration we have also compared the peak flow values for the
major off-site basins fo statistical data available for other basins in Eagle County {See
Appendix F). The modeled flow values fall between the minimum and maximum flows
for gaged basins of similar size in Eagle County.

The existing structures downstream of each outfall were analyzed for their ability to
convey the 100year, 24 hour, storm flows resulting from the Post-Development model.
The calculations for each are reported in Appendix G and summarized in the following
table.

POST- DEPTH OF
DEVELOPMENT STRUCTURE DESCRIPTION FLOW AT Plil:f:_:i_NT va(tgg;w

OUTFALL INLET{IN.)
B1 Concrete Box Culvert {13' W x 14'H) 56.3 34% 24.6
B2 Elliptical CMP (48" H x 72" W) 274 59% 11.0
B3 Diversion Ditch (5" Deep wf 3:1 Side Slopes) 19.3 32% 5.3
B4 CMP (24" Dia.) 13.3 58% 5.8
01atRR Bridge Opening {13.5' Wx 6' H) 7.2 10% 3.8
O1atUS 6 Concrete Box Culvert (13 W x7'H) 7.0 8% 7.0
02 at RR Bridge Opening (13.5" Wx 8 H) 59.0 61% 12.2
02atUsSe Bridge Opening (79' Wx 8' H) 17.0 18% 8.7
03 atRR Bridge Opening {10' Wx 8' H) 27.0 28% 8.1
03atUS 6 Concrele Box Culvert (13 W x7'H) 23.1 28% 11.3

It must be noted that debris flow could develop in the offsite basins during the 100 year,
24 hour storm event. It would be reasonable to assume a bulking factor of 2.5 to 3 to
account for potential debris in the stormwater runoff. The structure calculations
reported in Appendix G include rating tables to assist in evaluating increases in flow. If
the flows were increased by a factor of 3 to account for debris, these structures would
have the capacity to convey the extra runoff, however, it is entirely likely that the
suspended debris would obstruct the inlets.

5 POLLUTION & EROSION CONTROL

5.1 Permanent Controls

Onsite flows will be captured through a system of inlet structures and downspout
laterals. Best Management Practices will be employéd to treat any flows with the
potential for pollution. Polluted stormwater will be treated through the use of devices
designed for the specific type of pollution likely. The exact design and specifications
shali be incorporated into the final design construction drawings. The follows are some
examples of the technologies under evaluation:

- Stormceptor®
- BaySaver®
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- Vortechnics® - Vortechs® System
- The SNOUT®

- VoriFilter®

- Aqua-Swirl®

- CDS SanSep

- Downstream Defender™

- Environment 21 - V2B1™

- Howtand Swale®

Surface drainage will be treated in grass-lined swales prior to discharge at project
outfalls. Straw bales installed in the roadside ditches at regular intervals will also
provide initial means of erosion and sedimentation control uniil natural vegetation is well
established. Permanent riprap and/or energy dissipation structures will be constructed
at the outlet of the culverts where required. The riprap and energy dissipation will be
designed to controf erosion by decreasing discharge velocities at the discharge point of
culverts prior to entering natural drainage ways.

Offsite flows to will be treated by new wetlands and existing wetlands prior to reaching
the Eagle River.

The cut and fill slopes required for road construction will be seeded with native
vegetation, which will require little moisture. Lot areas will be left in their natural state
as much as possible until construction occurs. Cut-off trenches and straw mulch and/or
netting will be employed to reduce erosion until permanent vegetation is established.

5.2 Temporary Controls

Temporary controls will be required for initial construction operation and for road and
drainage construction and final landscaping. The installation of underground utilities
including, but not limited to, sewer and water will require the control of erosion and
sedimentation. The temporary controls will be maintained for a minimum period of one
year or for one full growing season until re-seeded areas are well established.

A number of procedures will be implemented for temporary control of erosion and
sedimentation during construction operations. These procedures are classified as
follows:

Exposure of unstable earth will be minimized. The contractor will be limited to opening
a maximum of 100 feet of trench along the pipeline route. This will reduce the
volumetric fiow of ground water required to be de-watered from the excavation. This will
also reduce the surface area of the spoils pile, which will potentially be subjected to
erosion during storm events,

Backfill compaction will be tightly controlled. This will reduce the erosion potential of
backfiled areas by improving the cohesiveness of the soils. The contractor will be
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required to meet 85-95% of maximum density compaction requirements, depending
upon location as defined in the project specifications.

Storm water and dewatering will be controlled. The contractor will have some latitude in
his approach here; however, the contract documents will require strict adherence to
applicable County and State water quality requirements. We will provide the following
suggestions for control:

The dewatering pipeline routes will be near or in new road or utility construction.
Temporary ditches will handle high flows during storm events. The temporary ditches
will be used to convey dewatering flows or surface runoff during storm events. If
erosion begins to oceur, ditch stabilization will involve the use of erosion control fabric,
hay and/or mulch.

Water flowing down the ditch will pass through a filtering device, which will reduce
sediment foad prior to the water entering the natural surface watercourse. The filter
system will be constructed of a hay-bale dam to reduce velocity and filter cloth fence for
filtration.

A second alternative will be to construct sediment and control ponds on the downstream
side of road, between the road and natural surface watercourse. The ponds will employ
a combination of earth and hay-bale embankment or fabric water dams, and an outlet
pipe or weir to the discharge point. As much as possible, discharge will be routed
through natural or cultivated swales to achieve additional treatment prior to entering any
natural watercourse or wetland area.

Field adjustments. The Engineer will be providing resident services and the Owner will
be present during the majority of the construction. Field modification will be made as
necessary to minimize erosion and sedimentation.

5.3 Mulch Stabilization

Muich stabilization will be used to stabilize exposed soils with non-vegetative materials.
The mulch will temporarily protect exposed soil surfaces from erosion damage and
reduce off-site environmental damage. This practice will be applicable to areas subject
to erosion, where the season and other conditions may not be suitable for growing an
erosion-resistant cover or where stabilization is needed during construction or other
short periods until more suitable protection can be applied.

Site’ preparation will basically invoilve grading disturbed aréas as needed and feasible,
to permit the use of conventional equipment for applying and anchoring muich.

The contract will employ needed erosion control practices such as diversions, grade
stabilization structures, and berms as required.

The protective materials for mulch stabilization may consist of the following alternatives:
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1. Unrotted small grain straw or grass hay at 1.5 to 2 tons per acre is spread
uniformly at 70 to 90 pounds per/1000 square feet anchored with a mulch
anchoring tool, liquid mulch binders, or netting tie down. _

2. Synthetic soil stabilizers may be used under suitable conditions and in sufficient
quantities.

3. Wood fiber or paper fiber mulch at the rate of 1,500 pounds per acre may be
applied by hydroseeding.

4. Mulch netting, such as paper, jute excelsior, cotton or plastic, may be used.

Mulch anchoring should be accomplished immediately after placement to minimize loss
by wind or water. This may be done by one of the following Mulch Stabilization
Methods, depending upon the size of the area, steepness of the slopes, and costs:

1. Peg and Twine — Drive 8 to 10 inch wooden pegs to within 2 to 3 inches of the
soil surface every 4 feet in all directions. Stakes may be driven before or after
applying mulch. Secure mulch to soil surface by stretching twine between pegs
in a criss-cross and square pattern. Secure twine around each peg with two or
more round turns.

2. Muich Netting — Staple paper, jute, cotton, excelsior, or plastic netting to the soii
surface. Do not use non-degradable netting in areas to be mowed. Netting is
usually available in rolls 4 feet wide and up to 300 feet long.

3. Mulch Anchoring Tool — A tractor drawn implement especially designed to punch
and anchor mulch into the surface soil. This practice affords maximum erosion
control, but its use is limited to those slopes upon which the tractor can operate
safely. Tool penetration should be about 3 to 4 inches. On sloping land, the
operation should be done on the contour.

The Contractor will have some latitude in which of these methods to use.

5.4 Diversions

Diversions which are basically a channel with a supporting ridge on the lower side
constructed across a slope will be constructed to divert water from areas where it is in
excess to sites where it can be used or disposed of safely. It includes reducing slope
lengths and diverting runoff.

Construction of these diversions will be limited to drainage areas up to 100 acres. The
diversions will include temporary diversion, channels, interceptors, and diversion dikes
as well as permanent diversion and level spreaders. Temporary diversions usually
have a life expectancy of one year or less and the failure hazard is low. This practice
will apply to sites where runoff is damaging: (1) cut or fill slopes or steeply sloping land
or (2} critical sediment source areas in construction sites. The diversions will have
stable outlets. This site will be graded in a way that the diversions can be maintained
throughout its planned life.
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The design criteria for temporary diversions will be based on peak runoff values
determined by TR-55 for a design frequency of 2 years. Permissible velocities shall be
limited as shown in the following table:

_ PERMISSIBLE VELOCITY (FT/SEC)
BARE 2" TO 6" CHANNEL VEGETATION CONDITION
SOIL TEXTURE CHANNEL POOR FAIR GOCD
Sand, Silt, Sandy Loam & Silly Loan 1.5 1.5 2.0 3.0
Sandy Clay Loam 2.0 2.5 3.0 4.0
Clay 2.5 3.0 4.0 50

The shape of the channel cross section shall be such that the diversion can be
parabolic, vee-shaped, or frapezoidal, and shall have stable side slopes. The cross
section for temporary diversions must give consideration to soil type, frequency of
operation, and type of equipment that is anticipated to be crossing the diversion. In no
case should slopes be steeper than 2:1. Channel grade may be uniform or variable.
The. permissible velocity for soil type and vegetative cover will determine maximum
grade.

A level lip spreader shall be used at diversion outlets discharging onto areas already
stabilized. Diversion dikes for the temporary protection of cut or fill slopes shall be
installed to divert runoff. Diverted runoff must be discharged onto a stabilized area or
through a slope protection structure. A diversion dike above steep slopes may be used
on drainage areas of five acres or less. Larger areas will require a diversion design.

The following is a list of basic diversion design criteria:

Embankment or ridge top width — 2-ft. minimum

Height (compacted fill} — 18 inches, unless otherwise noted on the plans. (Height
measured from the up slope toe to top of the dike.)

Side slopes — 3:1 or flatter

Grade — dependent upon topography, but must have positive drainage of 0.25% to the
outlet; may require vegetative or mechanical stabilization where grades are excessive.

5.5 General Notes

1. All diversions will have positive grade draining to a stabilized outlet.

2. Diverted runoff will outlet onto a stabilized undisturbed area, a prepared level
spreader, or into a slope protective structure.

3. Periodic inspection and required maintenance will be provided.

6 CONCLUSION

In summary, the off-site drainage structures adjacent to the proposed development are
adequate for conveyance of runoff from the 100 year, 24 hour, storm through the
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proposed project. The proposed site grading provides for safe conveyance of the 100
year, 24 hour, storm through the site. The increase in runoff as a result of the proposed
development will be conveyed directly to the Eagle River. Stormwater quality will be
adequately addressed in the final design process.
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7 APPENDIX A — FIGURES

~ Page A



) PN 3H)
ALIBOILNI

SNEVE JLIS3D
NOLWIS ¥IAIY 31DV

A

EC I DI
w -
okl

:
| :
g
Bl

Bl
ypone
sl

N D L

DN b RN

Pl
Nl
vty e
Rl e
A

TIND oI

>

HLYdMOTd DL

HAEWNN NISYE

AHYANNOE NISYE

ANZDR

AV dppy [-eRewriQd eqopy Waks 'Wd SSETE LODTLIT) FLISIO BMp ospAH-£B1 20V VECI0IPANDAANER | LOVINEPRloAS L00TV A

FAR]




" GHROITY THL WON)
ALINDILNY

SNISYH ALSND
1NIAHJOHEAITTtid
NOIEYLS Y2AM T10Y3

i
|

mamy 2O Y | Ramut | T

—
—

1 REad
oy ead
I B o
0T ALT RAY DD ML
> e s S

SraarY
E
Db ONY.
Oradin el WA
LY

LTI k|

>

7

VALACHO

; 430 .8 o
1B0ULOS 5D 81

T4 LN0OFO

| PRIBMNSSO-gS3 .08 L . i
A " POBNRASAS ~ dBO T . .

i

35ELLR08D

0 GEm05D : DvsEsave
ovoisva o =eq 1009

feq Lodd WdSO JF¥KEL

; sLzen0s0
avooaz=va "/

nmo N4 lr! _

meg 10ad |

v

LNO-28

HLYdMONd DL

HIBWNN NISYE

AHYONNOE NISYE

ON3OT

T

d

F0:1 ) B00LIEIS TmproipAy-£8 1 L0VIVE0I0IpAHVD A ONES | 20VANDRI0IY £00TV

404 #9°PY 'Y £k



SMNISVE 3LISNO
INIWGOBAIA-150d
NOLLV.LS ¥3AN J10V3

5t

B, &4y Dy 100 Porre | i | T
secrlmtn 1 e ks ey e mopn | s | E E

T
[

SEATYNY STV TR

'r NolsHaAIa

a8

aD|

&
8l
WAYIN AN
e R4
LT
It saviena’ T
L B Salr3 bt |

0 INIO

Usp=0s0 |
oveseavg |
wegloao
aso.evar - ff
1PBUUDD JSD LB -

dSD P2

vl

m

TV4LNO

10V 0 050

Hi¥dMOT4 DL

HIASWNN NISYS

AdYANNOS Nisva

SN AR

aN3937

>

-d
S, T L ZE=08g P! - gogLLmnen -
T 2Y008Zay0 T PRISLIAD OVEEE=VO
®EQ 1OGO
20622080 " N
oviisvg
BEg 1002 - ¢

- PEBNISGO « 353 .08

TRV 1102

[

K0d 300 ‘WY 60°DL0T 1TORMIS



EA120%2 oy o

1

¥INOD JALVIIDIA
NOILYLS ¥3AN T1DV3

Gt
iE

A,
B ey
LY
e oavinas o
08 A1 Ty Seivh HEE
20w O L300

et QH
MDD
IR

L T L] |

>

Y000 = YW |
(1334 NI }

00T o301 e ooaz

VDS DIHAVYD

NISYE
BV ETYHOSIOOMN
Qooe-Sa00M
BODAHIANNINOAN
QODD-HISINNINOANIH
VA HINNINOAN S
OvoH QaAyd
QOCSFUNLEYY
HOO0a-6NTIO¥ESAM
HiYFENSIDYERIH

HIY BOVALEANYS
AOCHHENNG

ANIDE

1F1 21 % 1) 40 996pY Wasais i 9196 00T/ WIAOD FALYLIDTA BmpospA£8 | L0vaVEolospAR\DAAGAEB | L0VA\S2Rlotd £00TVd



R

8 _ Elf NOLWOS0 anr E
o $E2 g [pE LSl AR e ] 'r SdNOYD NOS DIDOTCHOAH
= Hbypt o
. E; ¥ .
% §xy 3 :
ERL biy NOLLYLS ¥3A8 T1DV3
3 I
§
38
9 2
2] (7> -
2 L 8
ol3 333 2 IER
r4
glgggs x zZ 5
ole & & g =
YHiegggid g °
g
rd
IE1°£1 X |1 304 390py "woaws ‘Ld S59EE L00T/ATY 'SHOS BmpospAn-EB1/OvAVEojoupA O AN Ea L LOVISI2okoad 7007y d




8 APPENDIX B — CURVE NUMBER CALCULATIONS

Page B



p——

J8K, Inc. Curve Number Calculations

PROJECT: Eagle River Station
JOB NO.: EA07183
PHASE: Historical

HYDROLOGIC AREA

11:03 AM - 12/2/2007

BASIN VEGETATIVE COVER SOIL GROUP (SQ.MI) CN
1 Brush / Good B 0.6204 48.00
1 Brush / Good C 0.0268 65.00
1 Brush / Good 3] 0.1105 73.00
1 Farmsteads / Fair B 0.0043 74.00
1 Farmsieads / Fair D 0.0010 86.00
1 Herbacious f Fair B 0.0025 71.00
1 Herbacious / Poor B 0.0054 80.00
1 Herbacious / Poor D 6.0077 93.00
1 Pasture / Good B 0.2045 61.00
1 Pasture / Good C 0.0075 74.00
1 Paved-Road / Good B 0.0024 89.00
1 Pinyon-Juniper/ Fair B 0.0485 58.00
1 Pinyon-Juniper/ Fair D (.0597 80.00
1 Pinyon-Juniper / Good B 0.1379 41.00
1 Pinyon-Juniper / Good C 0.3333 61.00
1 Pinyon-Juniper/ Good D 0.0588 71.00
1 Pinyon-Juniper/ Poor B 0.1252 75.00
1 Pinyon-Juniper/ Poor D 0.0031 89.00
1 Woods / Good B 0.1579 55.00
1 Woods / Good D 0.9003 77.00
1 Woods-Grass / Fair B 0.5384 65.00
1 Woods-Grass / Fair C 0.1199 76.00
1 Woods-Grass / Fair D 0.9603 82.00

1 Total 4.4364 68.26
2 Brush / Good B 0.0763 48.00
2 Herbacious f Fair B 0.0041 71.00
2 Herbacious / Fair D 0.0030 89.00
2 Pasture / Good B 0.2397 61.00
2 Pasture / Good D 0.0017 80.00
2 Paved-Road / Good B 0.0099 89.00
2 Paved-Road / Good D 0.0032 93.00
2 Pinyon-Juniper / Fair B 0.0603 58.00
2 Pinyon-Juniper! Fair D 0.0520 80.00
2 Pinyon-Juniper / Good B 0.0491 41.00
2 Pinyon-Juniper/ Good D 0.1520 71.00
2 Pinyon-Juniper/ Poor B 0.0525 75.00
2 Pinyon-Juniper / Poor D 0.0168 89.00
2 Total 0.7206 63.90

PA2007 Projects\EA07183\Design Reports\Hydrology\Calcs\EAQ7183-CN_Calc.xls
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J&K, Inc,

Curve Number Calculations

PROJECT: Eagle River Station
JOB NO.: EAQ7183
PHASE: Historical

BASIN

11:03 AM - 12/2/2007

HYDROLOGIC AREA
VEGETATIVE COVER SOIL GROUP (SQ.ML) CN

3 Brush { Good B 0.0887 48.00

3 Brush f Good C 0.0023 65.00

3 Brush { Good D 0.0180 73.00

3 Farmsteads / Fair B 0.0019 74.00

3 Farmsteads / Fair b 0.0000 86.00

3 Herbacious / Fair B 0.0007 71.00

3 Herbacious / Fair D 0.0000 89.00

3 Herbacious / Poor B 0.0002 80.00

3 Herbacious / Poor D 0.0004 93.00

3 Pasture | Good B 0.11486 61.00

3 Pasture / Good C 0.0005 74.00

3 Pinyon-Juniper { Fair B 0.0337 58.00

3 Pinyon-Juniper/ Fair C 0.0311 73.00

3 Pinyon-duniper / Fair D 0.0662 80.00

3 Pinyon-duniper / Good B 0.0124 41.00

3 Pinyon-Juniper f Good C 0.0808 61.00

3 Pinyon-Juniper / Good D 0.1288 71.00

3 Pinyon-Juniper / Poor B 0.0000 75.00

3 Pinyon-Juniper / Poor D 0.0013 89.00

3 Total 0.5924 63.95
4 Brush / Good B 0.0031 48.00

4 Herbacious / Fair B 0.0054 71.00

4 Paved-Road / Good B 0.0009 89.00

4 Pinyon-Juniper / Poor B 0.0072 75.00

4 Total 0.0166 69.46
5 Farmsteads / Fair B 0.0062 74.00

5 Pasture / Good B 0.0067 61.00

5 Total 0.0129 67.26
& Farmsteads / Fair B 0.0027 74.00

6 Pasture / Good B 0.0096 61.00

6 Tota! 0.0123 63.88
7 Farmsteads / Fair B 0.0052 74.00

7 Pasture / Good B 0.0111 61.00

. 7 Paved-Road / Good B 0.0003 89.00

7 Total 0.0167 65.56
8 Farmsteads / Fair B 0.0005 74.00

8 Pasture / Good B 0.0047 61.00

8 Paved-Road / Good B 0.0004 89.00

8 Total 0.0056 64.16

P:A2007 Projects\EAQ7183\Design Reports\Hydrology\Calcs\EAQ7 4183-CN_Calc.xis
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J&K, Inc. Curve Number Calculations

PROJECT: Eagle River Station
JOB NO.: EA07183
'PHASE: Historical

HYDROLOGIC AREA

11:03 AM - 12/2/2007

BASIN VEGETATIVE COVER SOIL GROUP {SQ.Ml) CN

9 Pasture f Good B 0.0154 61.00

9 Paved-Road / Good B 0.0002 89.00

9 Total 0.0156 61.43
10 Pasture / Good B 0.0692 61.00

10 Pasture / Good D 0.0001 80.00

10 Paved-Road / Good B 0.0013 89.00

10 Paved-Road / Good D 0.0001 93.00

10 Totai 0.0707 61_.59
11 Pasture / Good B 0.0064 61.00

11 Paved-Road / Good B 0.0000 89.00

11 Total 0.0064 61.17
12 Farmsteads / Fair B 0.0008 74.00

12 Pasture ! Good B 0.0190 61.00

12 Paved-Road / Good B 0.0001 89.00

12 Total 0.0200 61.714

P:\2007 Projects\EA07183\Design Reporis\Hydrology\Calcs\EA07183-CN_Calc.xls
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JAK, Inc. Curve Number Calculations 11:03 AM - 12/2/2007

PROJECT: Eagle River Station
JOB NO.: EAD7183
PHASE: Post-Development

HYDROLCGIC AREA
BASIN VEGETATIVE COVER SOIL GROUP (SQ.Ml) CN

5 Open Space / Good B 0.0136 61.00
5 Total 0.0136 61.00
6 Open Space / Good B 0.0158 61.00
6 Total 0.0158 61.00
7 Open Space / Good B 0.0406 61.00
7 Paved-Road / Good B 0.0007 89.00
7 Total 0.0413 61.47
8 Open Space / Good B 0.0567 61.00
8 Open Space / Good D] 0.0001 80.00
8 Paved-Road / Good B 0.0008 89.00
8 Paved-Road / Good D 0.0001 93.00
8 Total 0.0578 61.50
9 Open Space/ Good B 0.0205 61.00
9 Total 0.0205 61.00

——

oo,
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e

JBK, Inc. Curve Number Calculations

Curve Number Reference

Curve Numbers by

Hydrologic Soil Group

Cover Type / Condition B C D
Brush / Good 48.00 65.00 73.00
Farmsteads / Fair 74.00 82.00 86.00
Herbacious / Fair 71.00 81.00- 89.00
Herbacious / Poor 80.00 87.00 93.00
Pasture / Good 61.00 74.00 80.00
Pinyon-Juniper / Fair 58.00 73.00 80.00
Pinyon-Juniper / Good 41.00 61.00 71.00
Pinyon-Juniper / Poor 75.00 85.00 89.00
Woods / Good 55.00 70.00 77.00
Woods-Grass / Fair 65.00 76.00 82.00
Paved-Road / Good 89.00 92.00 93.00
74.00 80.00

Open Space / Good 61.00

P:\2007 Projects\EA07183\Design Reports\Hydrology\Calcs\EA07183-CN Calc.xls
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JBK, Inc. Time of Concentration Calculations 10:13 AM - 12/2/2007

PROJECT: Eagle River Station
JOB NO.: EAOT183
PHASE: Historical

Begin End Begin  End ,
Segment Flow Type Sta. 3ta. L({R) EL(ft) EL(R) s(Uf}) n Py(in) a [ﬂzj Py (i) Tef(hr} Ty {min}
Basin1
A 1-Sheel Flow 0 153 153 10,487 1¢,454 0.219 0130 124 nia nfa 0.126 76
B 2-Shallow Concentrated - Unpaved 153 572 419 10,454 10,359 0225 nfa nfa va nfa 0.015 0.9
C 2-Shallow Concentrated - Unpaved 572 2,810 2,238 10,359 9632 0325 nla nfa nla nfa 0.068 4.1
D 2-Shallow Concentrated - Unpaved 2,810 4,584 1,774 9,632 8310 0181 n/a nia n/a nfa 0.072 43
E 2-Shallow Concentrated - Unpaved 4,584 5,114 530 9,310 9,119 0.361 nfa na n/a nfa 0015 0.9
F 2-Shallow Concentrated - Unpaved 5,114 8,228 3,115 9,119 8514 0194 nfa nfa nla nfa 0.422 7.3
G 2-Shallow Concentrated - Unpaved 8,220 20072 20,843 8,514 6,716 0086 nfa nia n/a nfa 1221 733
TOTAL Tc 1.639 98.3
Tiag = 06T, = 0.983 59.0
Basin2
A 1-Sheet Flow 1] 146 146 8,045 7,989 0380 0.130 1.24 nia nfa 0098 59
B 2-Shaliow Concentrated - Unpaved 146 268 122 7,989 7950 0319 nla nfa nia nfa 0.004 0.2
C 2-Shallow Concentraled - Unpaved 268 692 423 7,950 7,857 0220 nla nfa nfa nfa 0.016 0.9
D 2-Shallow Concentrated - Unpaved 692 1,607 916 7,857 7.635 0243 nfa nla nfa nfa 0.032 1.9
E 2-Shallow Concenbraled - Unpaved 1,607 3,167 1,559 7635 7458 0113 nfa nia nfa nfa 0.080 4.8
F Z-Shallow Conceniraled - Unpaved 3,167 8,209 5,132 7458 7,038 0.082 n/a nla a nfa 0.309 185
G 2-Shallow Concentraled - Unpaved 8,209 9772 1473 7,038 6997 0.028 n/a n/a nfa nfa 0.152 9.1
H 2-Shallow Concenlraied - Unpaved 9,772 14,202 4431 65997 6702 0067 nfa n/a nja nfa 0.295 17.7
TOTAL Te @.985 50.1
Tiae = 86T, = 0.5M 355
Basin 3
A 1-Sheet Flow 4] 139 139 8347 8,315 0229 0.13;0 1.24 nfa nfa 0.115 6.9
B 2-Shallow Concentrated - Unpaved 139 922 783 8,315 8,003 0398 nfa nfa nfa nfa 0021 1.3
C 2-Shallow Concentrated - Unpaved 922 2482 1,561 BO03 7272 0468 nfa nfa n/a nfa 0.039% 24
D 2-Shallow Concentrated - Unpaved 2,482 3,135 653 7,272 7,987 0132 nla n/a nia nfa  0.031 1.9
E 2-Shallow Concentrated - Unpaved 3,135 6,133 2,997 7,187 6,990 0.066 nla nfa nia na 0.201 121
F 2-Shallow Concentrated - Unpaved 6,133 6,249 116 6,990 6,969 0.180 nla nfa nia nfa 0.005 0.3
G 2-Shallow Concentrated - Unpaved 6,249 8,748 2,500 6,969 6,876 0037 nfa nfa nfa nfa 0.223 13.4
H 2-Shallow Concenirated - Unpaved 8,748 8,020 170 6,876 6,838 0.221 nfa na na nfa 0.008 0.4
i 2-Shallow Concentrated - Unpaved 8,920 11,389 2469 6838 6724 (0046 nfa na nfa nfa 0.197 11.8
TOTALTc 0.339 50.3
Tig = 06xT, = 0503 302
Basin 4
A 1-Sheel Flow 0 146 146 6,832 6,824 0.053 0.130 1.24 nfa na 0215 129
B 2-Shallow Concantrated - Unpaved 146 422 276 6824 6307 0083 na nia nla nfa 0.019 1.1
C 2-Shallow Concentrated - Unpaved 422 BOS 183 6,807 6725 0447 nla nfa nfa nfa 0.005 0.3
8] 2-Shallow Concentrated - Unpaved 605 844 239 6725 8708 0073 nfa nfa nla nfa 0.015 0.9
E 2-Shallow Concentrated - Unpaved 844 621 77 6708 6,706 0.021 nfa n/a na nfa  0.0609 0.5
F 2-Shallow Concentrated - Unpaved 921 1,123 202 6706 6694 0059 nfa nfa nla nfa 0.014 0.9
G 2-Shallow Concentrated - Unpaved 1,123 1,362 239 6694 6692 0011 nla n/a nia nfa 0.040 2.4
TOTAL Tc 0.317 19.0
T = 0.6xT, = 0190  11.4
Basin 5
A 1-Sheet Flow 0 147, 147 6,719 6,710 0.066 0.130 1.24 n/a nja 0197 1.8
B 2-Shallow Concentraled - Unpaved 147 233 86 6,710 6,708 0023 na nfa nfa ma 0.010 0.6
C 2-Shaliow Concentrated - Unpaved 233 516 283 6,708 6,696 0.042 pja nfa nfa "~ nla 0024 1.4
b 2-Shaliow Concentrated - Unpaved 516 581 365 6,696 6,683 0.035 nia nfa nla nfa 0.034 2.0
E 2-Shallow Concentrated - Unpaved 881 044 63 6,683 6,672 0167 nfa nia nfa nfa 0.003 02
F 2-Shallow Concenirated - Unpaved 944 961 18 6,672 6672 0039 nfa a nfa nfa 0.002 0.1

TOTALTc_ 0.268 __ 16.1
Te = 0.6XT, = 0.161 0.7
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JEK Inc. Time of Concentration Calculations 10:13 AM - 12/2/2007

PROJECT: Eagle River Station
JOB NO.: EAQ7183
PHASE: Historicat

Begin End Begin End
Segment Fiow Type Sta. Sta. L) EL{ft) EL{it} s{ftff) n Py(in) a (ftz) Py, {ft) T; {hr}, Ty (min)
Basin 6
A 1-Sheel Flow 1] 151 151 6,719 6,708 0.078 0130 1.24 nia n/a 0.188 113
B 2-Shallow Congentrated - Unpaved 151 288 138 6,708 6,707 0.002 n/a nfa nfa nfa  0.057 3.4
C 2-Shallow Concentrated - Unpaved 289 328 39 6,707 6,706 0.046 nva nfa nfa nfa 0.003 0.2
D 2-5hallow Concentrated - Unpaved 328 708 380 6,706 6,691 0.039 n/a nia nfa nfa 0.033 2.0
E 2-Shallow Concentrated - Unpaved 708 813 106 6,691 6,684 0066 n/a n/a nfa nfa 0.007 0.4
F 2-Shallow Concentrated - Unpaved 813 968 155 6,684 B,679 0.031 na nia nfa nla 0.015 0.9
G 2-5Shallow Concenirated - Unpaved 968 975 7 6,679 6,676 0.377 nfa nfa nfa nfa_ 0.000 0.0
TOTAL Tc  0.304 18.3
Tiag = 06T, = 0183 11.0
Basin?
A 1-Sheet Flow 1] 143 143 6,722 6707 0404 0130 124 nla nfa 0.161 9.7
B 2-Shallow Concentrated - Unpaved 143 351 208 8,707 6,706 0003 ~nfa nfa npfa nfa 0.037 2.2
C 2-Shallow Concentrated - Unpaved 351 91 570 6,706 6,681 0.042 nia nla n/a nfa 0.048 29
D 2-Shallew Concentrated - Unpaved 921 1.238 317 6,681 6,672 0.029 nia nfa nia nfa 0.032 1.9
E 2-Shallow Concentrated - Unpaved 1,238 1,396 158 6,672 B669 0018 nfa nfa nfa nfa 0.020 1.2
F 2-Shallow Concentrated - Unpaved 1,396 1,456 60 6,662 6657 0209 nfa nfa nia nlfa 0.002 0.1
TOTAL Tc 0.300 18.0
TFras = 06XTF, = 0,180 10.8
Basin 8
A 1-Sheet Flow G 181 161 6,720 6705 0003 0130 424 nfa nfa 0185 1.9
B 2-Shallow Concentrated - Unpaved 161 279 1i8 8,706 6,702 0.022 nfa nfa nfa nfa 0.014 0.8
c 2-Shallow Concenlrated - Unpaved 279 313 34 6,702 6698 013t nfa nfa  nfa nfa 0.002 0.1
D 2-Shallow Concenirated - Unpaved 313 337 24 6698 6698 0014 nfa nfa * nfa nfa 0.004 0.2
E 2-Shallow Concentrated - Unpaved 337 348 12 6698 6695 01429 nfa nfa nfa na 0.001 0.0
F 2-Shallow Concenirated - Unpaved 349 508 158 6.696 6694 0013 n/a nfa  nfa nfa 0.023 1.4
G 2-Shallow Concenirated - Unpaved 349 1,022 672 6,696 6670 0039 nfa nia nfa nfa 0.058 3.5
H 2-Shallow Concenirated - Unpaved 508 1,067 559 6,694 6670 0043 nfa nfa nfa nfa 0.046 2.8
I 2-Shaliow Concentrated - Unpaved 1,022 1,257 235 6,670 6656 0057 nla nla na nfa 0.017 1.0
TOTAL Tc  0.350 21.0
Te = 0.6xT, = 0.210 12.6
Basin
A 1-Sheet Flow ¢ 148 148 6,717 6,704 0085 0.130 1.24 nla nfa 0179 10.8
B 2-Shallow Concentrated - Unpaved 148 668 521 6,704 6688 0032 nfa nia nia nfa  0.050 3.0
[ 2-Shallow Concentrated - Unpaved 658 1,151 483 6,688 6,668 0038 nfa nia n/a nfa 0.042 2.5
D 2-Shallow Concentrated - Unpaved 1,151 $175 24 6,668 6663 0217 nia nfa nla nfa 0.001 oA
E 2-Shallow Concentrated - Unpaved 1,175 1,229 54 6,663 6,660 0.071 nfa nfa n/a nfa  0.003 0.2
TOTALTe 0.276 16.6
Tiag = 0.6xT. = 0.166 8.9
Basin 10
A 1-Sheet Flow 0 151 151 6,716 6,703 0D.087 0.130 1.24 nia nfa 0.180 10.8
B 2-Shallow Concentrated - Unpaved 15t 4,248 1,008 6,703 6,670 0.030 na nfa nia nfa 0.109 B.5
c 2-Shallow Concentrated - Unpaved 1,248 14,731 482 6,670 6,667 0.007 1a nfa nla nfa 0102 6.1
D 2-Shallow Concentrated - Unpaved 1,731 2,683 953 6,667 6646 0.022 n/a nfa nfa nfa 0.112 6.7
E 2-Shallow Concentrated - Unpaved 2,683 2,761 78 6,646 6,640 0083 nia nfa nfa nfa 0.005 0.3
TOTAL Tc  0.508 30.5
Ting = 0.6XT, = 0.305 1B.3
Basin 11
A 1-Sheet Flow 0 150 150 6,698 6,688 0066 0130 1.24 nfa nfa 0.201 12.0
B 2-Shallow Concentraled - Unpaved 150 426 276 6,688 667Y2 00680 nfa na nfa nfa 0.019 1.2
o 2-Shallow Concentrated - Unpaved 426 603 177 6,672 6666 0034 nfa nfa n/a nfa 0.016 1.0
D 2-Shallow Conceniraled - Unpaved 603 637 35 6,666 6660 01467 nfa n/a nla nfa 0.001 0.1
£ 2-Shallow Concentrated - Unpaved 637 651 24 G660 6659 0026 nfa nfa nia nfa  0.003 02
F 2-Shallow Concenirated - Unpaved 661 8086 245 6,659 6,647 0.048 nia nfa n/a nfa 0.019 1.2
G 2-Shallow Concenirated - Unpaved 206 1,088 191 6,647 6642 0029 nfa nfa n/a nfa 0.019 1.2
H 2-Shallow Conceniraled - Unpaved 1,098 1,134 3 6642 6640 0089 nfa n/a n/a nfa 0.003 0.2

TOTALTc 0.289  16.9
Tiag = 0.6xT, = 0.169 104
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J&K, Inc. Time of Concentration Calculations 10:13 AM - 12122007

PROJECT: Eagle River Station
JOB NO.: EA0O7183
PHASE: Historical

Begin  End Begin End
Segment Flow Type Sta. Sta. L(ft) EL{R) EL(R) s{fVfA} n Py(in} a (ﬂz) Py, (it} Ty (hr} T (min)
Basin 12
A 1-Sheet Flow 0 154 154 6,698 6,688 0.065 0.130 1.24 nfa nfa 0.206 124
B 2-Shaliow Concenlrated - Unpaved 154 340 186 6,688 6,680 0.043 nfa nia n/a nfa 0016 0.9
C 2-Shallow Concenirated - Unpaved 340 386 46 6680 6,674 0133 nfa nfa nfa nfa 0.002 0.1
D 2-Shallow Concenlraled - Unpaved 386 729 344 6674 6,668 0.017 nfa nfa nla nfa 0.045 27
E 2-Shallow Concenirated - Unpaved 729 792 63 6,668 6662 0.09 nfa nfa nila nfa 0.004 0.2
F 2-Shallow Concentrated - Unpaved 792 1241 448 6,662 6,646 0036 nfa nfa  nfa nia 0.041 24
G 2-Shallow Concenlrated - Unpaved 1,241 1,268 27 6,646 6,640 0226 nfa nfa nia nfa 0.001 0.1
H 2-Shallow Concentrated - Unpaved 1,268 1,286 19 6,640 6,639 0.005 nfa nfa nla nfa  0.004 0.3
TOTAL Tc 0.318 19.1
Fiag = 06xT, = 04N 11.5
B3O1
A 1-Sheel Flow o 250 250 6,724 6,710 0.056 0.130 1.24 nfa nfa 0.323 19.4
B 2-Shallow Concentrated - Unpaved 250 430 180 6,790 6708 0010 nla nfa nla nfa 0.032 1.9
C 2-Shallow Concentrated - Unpaved 430 1,088 658 6,708 6,683 0.038 nla nia n/a nfa 0.058 3.5
D 2-Shallow Concentrated - Unpaved 1,088 1,154 66 6,683 6672 0170 nla nia nfa nfa 0.003 02
E 2-Shallow Concentrated - Unpaved 1,154 1,169 15 6,672 6671 0.007 nla nia n/a nfa 0.003 0.2
TOTAL Tc 0.418 251
Tine = 06T, = 0.251 15.1
8103
A 1-Sheel Flow 0 215 215 6,728 6,704 0.120 0.130 1.24 nfa nfa 0.211 12.6
B 2-Shallow Concentrated - Unpaved 215 313 98 6,704 6,703 0004 n/a nfa nfa nfa 0.027 1.6
C 2-Shallow Concentrated - Unpaved 313 721 408 6,703 6693 0024 nfa nfa nla nfa 0.046 27
D 2-Shallow Concentrated - Unpaved 721 772 51 6,693 6,688 0101 nfa nfa nfa nfa 0.003 0.2
E 2-Shallow Concentrated - Unpaved Tr2 887 114 6,688 6,684 0.035 n/a nfa n/a nfa 0.010 0.6
F 2-Shallow Concentrated - Unpaved 887 4,230 343 6,684 G670 0.043 nia nla n/a nfa 0.029 1.7
G 2-Shaliow Concentrated - Unpaved 1,230 1,281 51 6,670 6,663 0.017 nfa nfa a nfa 0.007 0.4
H 2-Shallow Concentrated - Unpaved 1,28% 1,471 189 6,669 6,606 0.067 nfa nia nia nfa 0.013 0.8
TOTAL Tc 0.345 20.7
Ting = 06X T, = 0.207 12.4
B2-05
A 2-Shallow Concentrated - Unpaved 4} 240 240 6,702 6686 0.025 0.130 1.24 nia nfa 0.026 1.6
B 2-Shallow Concentlrated - Unpaved 240 258 18 6,696 6,693 0.124 nfa nfa nfa nfa (.00 0.1
C 2-Shallow Concentrated - Unpaved 258 857 599 6,693 6,665 0.047 nla nia nfa nfa 0.047 2.8
D 2-Shallow Concentrated - Unpaved 857 884 27 6,665 6660 0166 n/a nia nfa nfa 0.001 0.1
E 2-Shallow Concentrated - Unpaved 834 1,193 310 6,660 6646 0048 nfa na nfa nfa 0.024 t.5
F 2-Shaltow Concenfrated - Unpaved 1,193 1,354 161 6,646 6642 0026 nia nfa nfa nfa 0.017 1.0
G 2-Shallow Concentrated - Unpaved 1,354 1,370 15 6,642 6640 0132 n/a nfa n/a nfa 0.001 0.0
H 2-Shallow Concentraled - Unpaved 1,370 1,386 16 6,640 6,639 0.006 n/a nfa na nfa 0.004 0.2
TOTAL Te 0121 7.3

Tre = 0.6XT, = 0073 4.4
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JEK, Inc.

Time of Concentration Calculations

PROJECT: Eagle River Station

10:13 AM - 12/2/2007

JOB NO.: EAO7183
PHASE: Post-Development
- Begin End Begin End
Segment Flow Type Sta. Sta. L{A} EL{f) EL(f) s{f't) n Pp{in} a (ftz} Py (ft) Ty (hr) Ty {min}
Basin 1
1-Sheet Flow 0 153 153 10,487 10,454 0219 0130  t1.24 nfa nfa 0.126 76
B 2-Shaltow Concentraled - Unpaved 153 572 419 10,454 10,359 0225 nla nfa nfa nla 0.015 1]
C 2-Shallow Concentrated - Unpaved 572 2,810 2,238 10,350 8632 0326 nfa nfa nfa nfa 0.068 4.1
D 2-Shaltow Concenirated - Unpaved 2,810 4,584 1,774 9,632 9310 0.181 nfa nfa nfa nfa 0072 43
E 2-Shaltow Concentrated - Unpaved 4,584 5,114 530 9,310 9,119 0361 nfa nfa nfa nfa 0.015 0.9
F 2-Shallow Concentrated - Unpaved 5,114 8,229 3115 9,719 8514 0.194 nla nfa nfa nfa D.122 7.3
G 2-Shallow Concentrated - Unpaved 8,229 29,072 20,843 8514 6716 008 nfa nfa nia nfa 1.221 73.3
TOTAL Tc 1.639 88.3
Tiag = 06X T, = 0.983 59.0
Basin 2
A 1-Sheet Flow 0 146 146 8,045 7,983 0.380 0.130 1.24 nfa nfa 0.088 59
B 2-Shallow Concentrated - Unpaved 146 268 122 7,989 7950 0319 nfa nfa nfa nfa 0.004 0.2
C 2-Shallow Concentrated - Unpaved 268 692 423 7,950 7,857 0.220 nla n/a n/a nfa 0.016 09
D 2-Shallow Concentrated - Unpaved 692 1,807 96 7,857 7635 0.243 nfa nla nfa nfa 0.032 1.8
E 2-Shallow Concentrated - Unpaved 1,607 3,167 1,550 7,635 7458 0.113 n/a nfa nfa nfa 0.080 4.8
F 2-Shallow Concentrated - Unpaved 3,167 8,299 5132 7458 7038 0.082 nfa nia nia nfa 0.309 18.5
G 2-Shallow Concentrated - Unpaved 8,200 9,772 1,473 7,038 6,997 0.028 n/a nfa nfa nfa 0.152 9.1
H 2-Shallow Concentrated - Unpaved 9,772 14,202 4,431 8,997 8702 0087 nfa nfa n'a nfa 0.205 177
TOTAL Tc 0,985 59.1
Ting = 0.6 T, = 0.591 35.5
Basin
A 1-Shee! Flow 0 139 139 8,347 8,315 0.229 0.130 1.24 nfa nfa 0.115 5.5
B 2-Shallow Concentrated - Unpaved 139 922 783 8,316 8,003 0328 nla nfa nfa nfa 0021 1.3
C 2-Shallow Concentrated - Unpaved 922 2,482 1,561 B,003 7272 0468 nia nla nfa nfa 0039 2.4
D 2-Shallow Concentrated - Unpaved 2,482 3,135 663 7,272 7,187 0132 nla nla nfa nfa 0.03%1 1.9
E 2-Shallow Concentrated - Unpaved 3,135 6,133 2,897 7,187 6.990 00656 nla nfa n/a nfa 0201 121
F 2-Shallow Concentrated - Unpaved 6,133 6,248 116 6,990 6,969 0.180 nfa nfa n/a nfa 0.005 0.3
G 2-Shallow Concentrated - Unpaved 6,249 8749 2500 6,969 6,876 0.037 nja nfa nfa nfa 0.223 13.4
H 2-Shallow Concentraled - Unpaved 8,749 8,920 170 6,876 6,838 0221 nfa nfa na nfa 0.006 A
1 2-Shallow Concentrated - Unpaved 8,920 11,389 2460 6,838 6,724 0.046 nla nfa ma nfa 0.197 11.8
TOTAL Te¢  0.839 50.3
Tiae = 06xT,. = 0.503 30.2
Basin
A 1-Sheet Flow 0 146 146 6,832 6,824 0.053 0.530 1.24 n/a nfa 0.215 12.9
B 2-Shallow Concentrated - Unpaved 146 472 276 6,824 6,807 04063 n/a n/a nfa nfa 0.019 1.1
C 2-Shallow Concentrated - Unpaved 422 605 183 6,807 6,725 0447 wa nia n/a nfa 0.005 0.3
D 2-Shallow Concentrated - Unpaved 605 844 239 6725 6,708 0.073 n/a n‘a n/a nfa 0.015 0.9
E 2-Shaltow Concentrated - Unpaved 844 a9 Y7 6,708 6,706 0021 nfa n/a nfa nfa 0.009 0.5
F 2-Shallow Concentrated - Unpaved 921 1,123 202 6,706 6,684 0059 nfa nla nfa nfa 0.014 0.9
G 2-Shallow Concentrated - Unpaved 1,123 1,362 239 6,694 6,692 0.011 nfa nia nfa nfa 0.040 2.4
TOTAL Tec 0.317 19.0
Tipe = 0.6x T, = 0.190 11.4
Basin §
A 1-Sheet Flow ) 156 156 6,715 6,706 0.059 0.011 1.24 nfa nfa 0.030 1.8
B 3-Shallow Concenfrated - Paved 156 263 107 6,706 6693 0066 nfa nia nfa nfa (.006 0.3
c 3-Shallow Concentrated - Paved 263 355 92 6,690 6697 0.021 nfa nfa nfa nfa 0.009 0.5
D 3-Shallow Concenlrated - Paved 355 455 100 6,697 6691 0058 nla nfa nfa nfa 0.006 0.3
E 3-Shallow Concentrated - Paved 455 581 126 6,691 6,690 0.008 nla nfa nfa nfa 0.019 1.2
F 3-Shallow Concentrated - Paved 581 1,226 644 6,690 68685 0007 nfa nfa nfa fa (0.103 6.2
TOTAL Tc 0173 10.4
Flac = 06xT, = 0.104 6.2
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J&K, Inc.

PROJECT: Eagle River Station

Time of Concentration Calculations

10:13 AM - 12/2/2007

JOB NO.: EA07183
PHASE: Posi-Development
Begin End Begin End
Segment Flow Type Sta. Sta. L{ft) EL(H) EL{ft} s{ftt) n Py {in} a (ftz) Py {ft) Ty {h1} T;{min)
Basing
A 1-Sheel Flow 0 155 155 6,715 6,692 0.149 0.011 1.24 nfa na 0.021 1.2
B 3-Shallow Concenlrated - Paved 155 529 374 6,692 6,692 0.001 nfa nia nfa nfa 0.165 9.9
[ 3-Shallow Concenlrated - Paved 528 1,066 537 66892 6678 0026 nka n/a nia n/a 0.045 2.7
TOTAL Tc 0.231 13.9
Tiag = 0.8xT, = D.138 8.3
Basin ¥
A 1-Sheel Flow 0 145 145 6,715 6,692 0.161 0.011 1.24 nfa nfa 0.019 1.1
B 3-Shallow Concentrated - Paved 145 506 361 6,692 6,692 0.001 na nfa na nfa 0.156 9.4
o] 3-Shallow Concentrated - Paved 506 5565 4% §,692 6,688 0.074 nia nia nfa nfa 0.002 0.1
3] 3-Shaliow Concenirated - Paved 555 1587 1,032 6688 6677 0.011 nia nfa nla nfa 0.136 8.2
E 3-Shallow Concentrated - Paved 1.587 1,997 410 6,677 6,677 0.001 n/a nfa nla nfa 0192 11.5
TOTAL Tc 9.505 30.3
Tiae = 0.6XT, = D.303 18.2
Basin g
A 1-Sheel Flow 4] 152 152 6,705 6,685 0.133 0.011 1.24 nfa nfa 0021 13
B 3-Shallow Concentrated - Paved 152 478 327 64685 6,681 0011  nfa nfa nfa nfa 0.044 26
C 3-Shallow Concentrated - Paved 478 738 259 6,681 6674 0.028 nfa nfa ffa nfa 0.021 1.3
D 3-Shallow Concentrated - Paved 738 1,224 4868 6,674 6,672 0.004 nfa nfa nfa nfa 0,107 6.4
E 3-Shallow Concentrated - Paved 1,224 1,833 409 6,672 6666 0014 nia nfa nia nfa 0.047 28
F 3-Shallow Concentrated - Paved 1,633 2,100 468 6,666 6,650 0.034 nfa nla nfa nfa 0.035 2.1
G 3-Shallow Concentrated - Paved 2,100 2,610 510 6,650 B6.646 0009 nia nfa nia n/a 0.074 4.5
TOTAL Te D0.348 20.9
Tiag = 06X T, = 0.209 12.5
Basin 9
A 1-Sheel Flow 0 163 163 6,693 6,684 0.052 0.011 1.24 nia nfa 0.033 20
B 3-Shallow Concentrated - Paved 1683 413 251 6,684 B674 0040 nfa nfa nfa nla 0.017 1.0
[ 3-Shallow Concentrated - Paved 413 989 575 6,674 6671 0005 nfa nia nla nfa 0.106 6.4
D 3-Shallow Concentrated - Paved 989 1,333 344 B,671 6609 0033 nwa nia na nfa 0.026 1.6
E 3-Shallow Concentrated - Paved 1,333 - 1,493 159 6,859 6652 0047 nla nia nia nfa 0Q.010 0.6
TOTAL Tc 192 11.5
Tire = BExT, = D115 6.9
B3-B1
A 2-Shallow Concentraied - Unpaved Q 528 528 6,738 6,720 0.033 0.011 1.24 n/a nfa 0050 3.0
B 2-Shallow Concentrated - Unpaved 528 B74 36 6,720 6717 0010 nla nfa nfa nfa 0.0B0 3.6
- TOTAL Tc (.169 6.6
Tias = 06xT, = D.066 3.9
B1-02
A 2-Shatlow Concentrated - Unpaved 0 30 30 6,717 8,716 0.051 0.011 1.24 nfa nfa 0.002 0.1
B 2-Shallow Concentraled - Unpaved 30 159 130 6,716 6,716 0.002 nfa nfa n/a nfa 0.046 27
C 2-Shallow Concentrated - Unpaved 159 370 211 6,716 6,708 0.038 n/a nfa n/a nfa 0.019 11
D 2-Shallow Concentraled - Unpaved 370 475 106 6,708 6,695 0115 nofa nfa nia nfa 0.005 0.3
E 2-Shallow Concentraled - Unpaved 475 1,459 D83 6695 BA72 0018 nia nfa nfa nfa 0.128 7.7
TOTAL Tc 0.199 12.0
Tiae = 06xT. = 0.120 7.2
B2:Q3
A 3-Shallow Concentrated - Paved o} 256 256 6,702 6,688 0.053 0.011 1.24 na nfa 0.5 0.9
B 3-Shallow Concentrated - Paved 256 310 54 6,688 6,681 0125 nla nfa nfa nfa 0.002 (L]
C 3-Shallow Concentrated - Paved 310 866 556 6,681 6670 0020 nfa nfa nfa nfa 0.053 3.2
D 3-Shallow Concentrated - Paved B66 1,222 356 6,670 G666 0039 nfa nia nia nfa 0.025 15
TOTAL Te 0.095 5.7
Tire = 0.6xT, = 0.057 34
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JEK, Inc. Time of Concentration Formulas 10:13 AM - 12/2/2007

SHEET FLOW:

_ 0.007(nL)"

05 04
F s

T,

T

WHERE:

T,= Time of Concentration for flow segment ¢ (hours)

n = Manning's roughness coefficient
L = Flow length (feet)
P ;= Two year 24 hour rainfall (inches)

s = Land slope (feet per foot)

SHALLOW CONCENTRATED FLOW:

L

Tr =
3600V

WHERE:

T,= Time of Concentration for flow segment 7 (hours)

L = Flow length (feet)

¥V =16.1345s% Velocity for unpaved surface (feet per second)
V= 20.31825" Velocity for paved surface (feet per second)

s = Land slope (feet per foot)

CHANNEL & PIPE FLOW:
yp—
3600V
WHERE:

T,= Time of Concentration for flow segment ¢ (hours)
L = Flow length (feet)

1 A49p%B5 1

V Velocity (feet per second)

Fe— Hydraulic radius (feet)
a = Cross sectional flow area (square feet)
P, = Weited perimeter (fect)

s = Land slope (feet per foot)
n = Maming's roughness coefficient
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J&K, Inc. Roughness Coefficient 10:14 AM - 12/2/2007
Guidelines

MANNING'S ROUGHNESS COEFFICIENTS

1

Surface Descriptions n
Smoocth surfaces {concrete, asphalt, gravel, or bare soil) 0.011
Fallow (no residue) 0.05
Cultivated sails:

Residue cover< 20% _ 0.08

Residue cover > 20% 0.17
Grass:

Short grass prarie 0.15

Dense grasses” 0.24

Bermuda grass 0.41
Range {natural) 0.13
Woods:®

Light underbrush 0.40

Dense underbrush 0.80

* The n values are a composite of information compiled by Engman
(1986).

? Includes species such as weeping lovegrass, bluegrass, buffalo grass,
blue gama grass, and native mixtures.

3 When selecting n, consider cover to a height of about 0.1 ft. This is the
only part of the plant cover that will obstruct sheet flow.

P:2007 Projecis\EAD7183\Design ReporlsiHydrology\Cales\ EAQ7183-TC_Calc.xis Page7of 7



10 APPENDIX D — NOAA PRECIPITATION

Page D



Colorado Precipitation Frequency Data -- OUTPUT PAGE Page 1 of |

Precipitation Frequency Data Output

NOAA Atlas 2
Colorado 39.7036287?N 106.802869%W
Site-specific Estimates

Precipitation
Intensity
{(in/hr)

Precipitation

Map (inches)

vear
6_
hour
2__
year
24 -
hour
100-
year
6_
hour
100-
year
24 -
hour

0.82 0.14

Hydrometeorological Design Studies Center - NOAA/National Weather Service

1325 East-West Highway - Silver Spring, MD 20910 - {301) 713-1669

Mon Sep 24 15:28:42 2007

hitp://hdsc.nws.noaa.gov/cgi-bin/hdsc/na2. perl?qlat=39.703628 &qlon=-106.802869&sub...  9/24/2007



NOAA Atlas 2 - Volume 1ll (Colorado)
Region #2 Depth Duration

San Juan, Upper Rio Grande, Upper Colorado & Gunnison River Basins,
and Green River Basin below Confluence with Yampa

Site Description: Eagle River Station- Offsite Drainage Report
Job Number: EAQ7183

Latitude: 39.70363 N
Longitude: -106.80287 W
Site Elevation: 8000

NOAA Link: htip://www.nws.noaa.gov/oh/hdsc/noaaatlas2.him

Site Specific Precipitation from NOAA Atlas Maps

Duration 2YR 5YR 10 YR 25 YR S50YR 100YR
6 HR 0.82 1.10 1.28 1.51 1.72 1.93
24 HR 1.24 1.60 1.83 2.12 2.40 2.67

Duration Precipitation Depth Extrapolated for All Durations

Minutes Houwrs 2YR 5YR 10 YR 25 YR 50YR 100 YR
5 0.083 0.14 0.22 0.27 0.33 0.39 0.45
10 0.167 0.22 0.34 0.42 0.52 0.61 0.70
15 0.25 0.28 0.43 0.53 0.65 0.77 0.88
30 0.5 0.39 0.60 0.74 0.91 1.07 1.22
60 1 0.50 0.76 0.93 1.15 1.35 1.55
120 2 0.61 0.88 1.05 1.27 1.48 1.68
180 3 0.68 0.95 1.13 1.35 1.56 1.77
360 6 0.82 1.10 1.28 1.51 1.72 1.93
720 12 1.02 1.34 1.55 1.80 2.05 2.29

1440 24 1.24 1.60 1.83 212 2.40 2.67
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jer—

Project:

EA07183-ERS Simulation Run: 100yr-HIST

Start of Run:  01Jul2007, 00:00 Basin Model: Historical
End of Run: 03Jul2007, 00:00 Meteorologic Model:  100yr/24hr
Compute Time: 29Nov2007, 13:11:51 Control Specifications: Control 1
Volume Units: AC-FT

Hydrologic | Drainage Area |Peak Discharge] Time of Peak Volume
Element (MI2) (CFS) (AC-FT)
01 4.4364 396.2 01Jul2007, 13:04 112.1
02 0.7206 52.4 01Jui2007, 12:39 12.7
03 0.5924 48.2 01.Jul2007, 12:32 10.5
04 0.0166 5.3 01Jul2007, 12:07 0.5
05 0.0129 3.5 01Jul2007, 12.05 0.3
06 0.0123 1.9 01Jul2007, 12:08 0.2
07 0.0167 34 01Jul2007, 12:07 0.3
08 0.0056 0.9 01Jui2007, 12:09 01
09 0.0156 1.7 01Jui2007, 12:.07 0.2
10 0.0707 53 014ul2007, 12:17 1.0
11 0.0064 0.7 01Jul2007, 12:07 0.1
12 0.0200 2.1 01Jui2007, 12:09 0.3
B1 4.4364 396.2 01Jul2007, 13:.04 1121
B1-03 4 4364 396.2 01Jul2007, 13:16 1121
B2 0.7206 524 01Jul2007, 12:39 12.7
B2-O5 0.7206 52.4 01Jul2007, 12:43 12.7
B3 0.5924 48.2 0MJul2007, 12:32 10.5
B3-0O1 0.5924 48.2 0102007, 12:47 10.5
B4 0.0166 53 014ul2007, 12:.07 0.5
01 (0.6053 48.8 01Jul2007, 12:47 10.8
02 0.0123 1.9 01Jul2007, 12:08 0.2
03 4.4587 396.9 01Jul2007, 13:16 112.6
04 0.0156 1.7 01Jul2007, 12:.07 0.2
05 0.7977 55.6 01Jul2007, 12:42 13.8
06 0.0200 2.1 01Jul2007, 12:09 0.3




Project: EAO7183-ERS Simulation Run: 100yr POST

Start of Run: 01Jul2007, 00:00 Basin Model: Post-Develo
End of Run: 03Jul2007, 00:00 Meteorologic Model: 100yr/24hr
Compute Time: 02Dec2007, 14:53:11 Control Specifications: Control 1
Volume Units: AC-FT

Hydrologic | Drainage Area |Peak Discharge| Time of Peak Volume
Element (Mi2) (CFS) (AC-FT)

1 4.4364 396.2 01Jul2007, 13:04 11211

2 0.7206 224 01Jul2007, 12:39 12.68

3 0.5924 48.2 01Jul2007, 12:32 10,47

4 0.0166 5.3 01Jul2007, 12:07 0.46

5 0.0136 227 01Jul2007, 11:59 1.59

6 0.0158 24.3 01Jul2007, 12:01 1.84

7 0.0413 445 01Jul2007, 12:10 482

8 0.0578 75.8 01Jui2007, 12:05 6.75

9 0.0205 33.3 01Jul2007, 12:00 2.39

B1 5.0288 4271 01Jul2007, 13:02 122.58

B1-02 5.0288 4271 01Jul2007, 13.09 122,58

B2 0.7206 524 01Jul2007, 12:39 12.68

B2-03 0.7206 524 01Jul2007, 12:42 - |12.68

B3 0.5824 48.2 01Jul2007, 12:32 10.47

B3-B1 0.5924 48.2 01Jul2007, 12:35 10.47

B4 0.0166 5.3 01402007, 12.07 0.46

o1 0.0136 227 01Jul2007, 11:59 1.59

02 5.0859 433.4 01Jul2007, 13:09 128.24

03 0.7989 107.1 01Jul2007, 12:03 21.82
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Bl Outfall at I-70
13'W x 14'H Box Culvert

Culvert Calculator
All calculator output should be verified prior to design use

Entered Data:

Shape .......c.iiiiiinrumernnnanns Rectangular

Number of Barrels ............... 1

Solving for ..... ... ... . ... ~Headwater

Chart Bumber .................... 8

Scale Number ............ccoiaun.. 1

Chart Description ............... BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDGE BEVEL

Scale Description ............... WINGWALILS FLARED 30 TO 75 DEGREES

OvVertopping .. ... ..o nnnnnnn Off

Flowrate .........c.0ciimmmnnnenn. 427.1000 cfs

Manmning's T .......vvvnnnrnnnnnn. 0.0150

Roadway Elevation ............... 6731.0000 ft

Inlet Elevation ................. 6714.2600 ft

Outlet Elevation ................ 6703.0500 ft

Height ......... .. ... .. ... . .... 168.0000 in

Width ... .. ... . . i 156.0000 in

Length ... .. ... .. ... . . . ... 210.0000 ft

Entrance LOSS ..... .t iiinunnnnn. 0.4000

Tailwater ... ...... ... nennn. 0.9100 ft

Computed Results:

Headwater ....................... 6718.9523 ft Inlet Control
[0 e o 0.0534 fe/ft
Velocity .. ... ... ... .. Lo 24.5533 fps

Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Solving Inlet Equation 246.
Solving Inlet Eguation 28.
Headwater: 6718.9523 ft

DIS- HEAD- INLET OUFLET

CHARGE WATER CONTROL CONTROL FLOW NORMAL., CRITICAL OUTLET TATILWATER

Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH

cfs ft fr ft in in fos ft fps ft
250.00 6€717.41 3.15 .05 NA 11.41 27.08 20.22 0.95 0.00 0.01
500.00 6719.53 5.27 .05 HNA 17.78 42 .99 25.66 1.48 0.00 G.01
750.00 6721.33 T.07 .05 HNA 23.18 56.33 29.87 1.93 0.00 0.01
1000.00 6722.95 8.69 .05 NA 28.07 68 .24 32.89 2.34 0.00 0.01
1250.00 6724 .45 10.19 0.54 HWA 32.64 79.1%9 35.36 2.72 0.00 0.01
1500.00 6725.87 1t.61 2.43 NA 36.97 89 .42 37.45 3.08 0.00 0.01

P:\2007 Projects\EA07183\Design Reports\Hydrology\Calcs\EA07183-3tructure Calc.doc

Page 1 of 10



B2 Outfall at I-70
48”7 x 727 Elliptical CMP

{Approximated by circular of equivalent arsa)

Culvert Calculator

All calculator output should be verified prior to design use

Entered Data:

Shape . ...t Circular
Number of Barrels ............... 1

Solving for ......... ... ..., Headwater
Chart Number ...........cccicivunn 2

Scale Number ............. ..., 1

Chart Description ............... CORRUGATED METAL PIPE CULVERT
Scale Pescription ............... HEADWAELL
Overtopping .............cccuu... Off

Flowrate . ... ... ... .. .. ieennon. 52.4000 cfs
Mamning's I . ovew i ininacanonn.n- 0.90240
Roadway Elevation ........_....... 6707.5000 ft
Inlet Elevation ................. 6697.5000 ft
Outlet Rlevation .........coeuev.. 6687.3200 ft
Diamekter .......... ..ot 58.8000 in
Length ........c. .. 258.0000 ft
Entrance LOSS .. .....cieuuaaar.n, 0.5000
Tailwater ...........c¢cieiimmnne.o.. 0.0100 ft

Computed Results:

Headwater ... .........c.ccioiun..n 6700.2766 ft

Blope L. e i e e 0.0395 ft/ft

Velocity ... iomi i it 14.9620 fps
Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Solving Inlet Eguation 26.

Selving Inlet Equation 28.
Headwater: 6700.2768 ft

DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL FLOW NORMAL
Flow ELEV. DEPTH DEPTH TYPE DEPTH
cfs ft ft ft in
20.00 6699_09 1.59 0.05 NA 10.91
40.00 6699.87 2.37 0.05 HNA 15.41
6D0.00 &700.51 3.01 0.05 NA 18.99%
80.00 6701.10 3.60 0.05 HNA 22,12
100.00 €701.67 4.17 0.05 NA 24.95
120.00 6702 .23 4.73 0.05 HA 27.70
140.00 &702.80 5.30 0.05 HA 30.32
0.61 HNA 32.89

160.00 6703.59 6.09

CRITICAT,
DEPTH
in

14.920
21.30
26.31
30.58
34.37
37.79
40.91
43.74

Inlet Control

OUTLET
VEL. DEPTH

fps ft
8.29 0.91
10.15 1.28
11.39 1.58
12.33 1.84
13.10 2.08
13.74 2.31
14 .28 2.53
14.75 2.74

TATLWATER
VEL. DEPTH
fps ft
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
0.00 0.01
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B3 Outfall Diversion Ditch tco Bl

5’ Deep w/ 3:1 Side Slopes & 1% Flowline

Channel Calculator

Given Input Data:

Shape .....c.iiiiiii i e Trapezoidal

Solving for ................. ... Depth of Flow

Flowrate ........cciiiiimcncnnnnn 48.2000 cfs

Slope ... e 0.0100 ft/ft

Manning's B . .ovvnerivieiinnennn- 0.0200

Height .. .... ... ... . . 60.0000 in

Bottom width ...... ... ... ....... 0.0000 in

Left slope ........ 0 iiiaen... 0.3333 ft/fr (V/H)

Right 8lope ..., 0.3330 ft/fr (V/H)
Computed Results:

Depth ... ... ... .. i, 19.3048 in

Velocity ..o 6.2047 fps

Full Flowrate ............c0cnuu.. 9931 .6213 cfs

Flow area . .......ccueiiienanan-- 7.7683 ft2

Flow perimeter .................. 122.1545 in

Hydraulic radius ................ 9.1576 in

Top width ... ... .. .. ... .. .. ..... 115.8923 in

ATEA ... i i ii et s e e 75.0413 fe2

Perimeter ... .. ... ... .. .. ... 379.6613 in

Percent full .... ... . _.......... 32.1746 %

Critical Information

Critical depth .................. 20.9007 in
Critical slope .........coveuunnn 0.0065 fr/ft
Critical velocity ............... 5.2933 fps
Critjcal area .........covvvueneenn 9.1058 fe2
Critical perimeter .............. 132.2532 in
Critical bydraulic radius ....... 9.9146 1in
Critical top width .............. 125.4733 in
Specific energy ...........c000unn 2.2070 ft
Minimum energy .................. 2.6126 ft
Froude number ..................- 1.2197

Flow condition .................. Supercritical

Channel Rating Curve Data
Depth - in Flowrate - cfs

0.00 0.00

6.00 2.14
12.00 13.57
18.00 32.9%9
24 .00 86.13
30.00 156.17
36.00 253.95
42 .00 383.07
48.00 546.91
54.00 T748.73
60.00 931.62

Slope

P:\2007 Projects\EA07183\Design Reports\Hydrology\Calcs\BEA07183-Structure Calc.doc
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2,40

(N B4 Outfall at I-70

CMP

Culvert Calculator

All calculator output should be verified prior to design use

Entered Data:
Shape ..... ... .. i, Circular
Number of Barrels ............... 1
Solving for .............. .. ..... Headwater
Chart Number .........c.civeuuc.. 2
Scale Number ............0ceneu.. 1
Chart Description ............... CORRUGATED METAL PIPE CULVERT
Scale Description ............... HEADWALL
Overtopping .........ociii.. Off
Flowrate ......... ..o, 5.3000 cfs
Maming's n ........c.iiiiieana.n 0.0240
Roadway Elevation ............... 6703.5000 ft
Inlet Blevation ................. 6687.6700 ft
Outlet Elevation ................ 6678.8800 ft
Diameter . ........oioiaeiaaannas 24.0000 in
Length ... . ... i, .. 269.0000 ft
Entrance LOSS .. ... ...t rrnnvnn 0.5000
Tailwater ..... .. .. ....eieennn.. 0.0100 ft
Computed Results:

Headwater ........c.c.. i, 6688.7762 ft Inlet Contrel
SlOPE ittt e 0.0327 fu/ft
Velocity .. ... . ... i, 5.7940 fps

{ ¥

H Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Solving Inlet Equation 26.
Solving Inlet Rguation 28.
Headwater: 66B8.7762 ft

DIs- HEAD- INLET OUTLET '
CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET
Flow ELEV. DEPTH DEPTH TYEPE DEPTH DEPTH VEL. DEPTH
cfs ftr ft fe in in fps ft
5.00 66B8.74 1.07 0.05 NA 7.7% 9.45 5.70 G.65%
10.00 6689.31 1.64 0.05 NA 11.30 i3.58 6.88 0.94
15.00 6689.85 2.18 0.05 NA 14.46 16.75 7.58 1.21
20.00 6650.55 2.88 1.50 NA 17.83 19.27 7.98 1.49

TAILWATER
VEL. DEPTH
fps ft
Q.60 0.01
0.00 0.0
0.00 0.01
0.00 0.0
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A

01 Outfall at Railroad
13.5'W x 6'H Bridge Opening

{Approximated by box culvert of equivalent area)
Culvert Calculator
A1l calculator output should be verified prior to design use

Entered Data:

Shape ........... ... ... i, Rectangular

Number of Barrels ............... 1

Solving for ............eiiiinn Headwater

Chart Number .................... 8

Scale Number ............ccceon.. 1

Chart Description ............... BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDGE BEVEL

Scale Description ............... WINGWALLS FLARED 30 TO 75 DEGREES

OvertoppIng .....o v ieennrnans Qff

Flowrate ....... .. .. 242.7000 cfs

Mamning's I .. ... inennenneeannn 0.0350

Roadway Blevation ............... 6682.7400 ft

Inlet Blevation ................. 6672.7600 ft

Outlet Elevation ...........-..... 6672.31400 ft

Height ....... ... et inaann 72,0000 in

Wwidth .. ... ... 162.0000 in

Length ........ e 15.0000 ft

Entrance LOSS .....cuveevrnvenanns 0.0000

Tailwater ........c.ieeieennnnn 0.0100 ft

Computed Results:

Headwater ....._........ciuiieunn.. 6673.3570 ft Outlet Control
SlODPEe .. e 0.0300 fr/ft
Velocity oottt inaon 3.7821 fps

Messages:

Outlet head > Inlet head.

Computing Outlet Control headwater.

Outlet not submerged.

Normal Depth: 5.0706 in

Critical Depth: 5.3351 in

Normal depth <= critical depth.

Flow is supercritical.

Since culvert is supercritical no profile generated.
Depth = critical depth.

Headwater: 6673.3570 ft

DIS- HEAD- INLET OUTLET

CHARGE WATER CONTROL CONTROL FLOW NORMAL, CRITICAL OUTLET TAILWATER
Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL. DEPTH VEL. DEPTH
cfs ft fr ft in in fps ft fps ft
10.00 6673.14 0.30 0.38 HNA 3.07 L.34 2.88 0.26 0.00 0.01
20.00 6673.31 D.54 0D.55 HNA 4.69 5.34 3.63 0.39 G.00 0.01
30.00 6673.50 0.74 0.72 WA 6.02 6.42 4.43 0.50 o.00 0.01
40.00 6673.67 0.91 0.87 WA 7.19 7.78 4,94 0.60 0.00 0.01
50.00 6673.84 1.08 1.02 WA 8.26 9.03 5.38 0.69 0.00 0.01
60.00 6673.99 1.23 1.15 NA 9.26 10.20 5.76 0.77 0.00 0.01
70.00 6674£.14 1.38 1.29 NA 10.20 11.30 6.10 0.85 0.00 0.01
80.00 6674.28 1.52 1.41 NaA 11.09 12.36 6.41 0.92 0.00 0.01
90.00 6674.41 1.65 1.54 NA 11.595 13.36 6.659 1.9¢ 0.00 0.01
140.00 6674.54 1.78 1.65 NaA 12,717 14,34 6.96 1.06 0.00 0.01
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0l Outfall at US Highway 6
13'"'W x 7'H Box Culvert

Culvert Calculator
All calculator output should be verified prior to design use

Entered Data:

Shape ... .t iii e Rectangular
NMumber of Barrels ............... 1
Solving for ........ ... ..., Headwater
Chart Number .................... 8
Scale Number .......... .00 inennn 1
Chart Description ............... BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDGE BEVEL
Scale Description ............... WINGWALLS FLARED 30 TO 75 DEGREES
Overtopping ....... ... .......... Off
Flowrakte . ... .. ... ... .o ... 22.7000 cfs
Mamning™s I ..o i enire i vanens 0.0150
Roadway Elevation ............... 6679.3000 ft
Inlet Elevation ................. 6669.6200 EL
Outlet Elevatiom .............-.. 6666.0500 ft
Height . ........ ... .. ... . .. ... 84.0000 in
Width ... ... i it it i 156.0000 in
Length ...... . .. ... ... ... . ... . 105.0000 ft
_ Entrance Loss ....... ... ... 0.0000
Tailwaber . .....c.cevermmacennnn. 0.0100 ft

Computed Results:

Headwalter ........c..iiiiennennnn. 6670.2020 ft Inlet Control
BlODPE &t e ¢.0340 fr/fc
Velooiby ..o inmin it e e 7.0389 fps

Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Solving Inlet Equation 26.

Solving Inlet Equaktion 28.
Headwater: 6670.2020 ft

DIS- HEAD- INLET OUTLET
CHARGE WATER CONTROL CONTROL: FLOW NORMAL CRITICAL OUTLET TATLWATER
Flow ELEV. DEPTH DEPTH TYPE DEFPTH DEPTH VEL. DEPTH VEL. DEPTH
cts ft fr ft in in fps fr fps ft
10.00 6669.90 0.28 0.0 NA 1.81 3.17 5.10¢ 0.1k 3.00 0.01
20.00 6670.14 0.52 0.05 Na 2.76 5.03 6,70 0.23 0.040 0.01
30.00 6670.35 0.73 0.05 N 3.53 6.58 7.85 0.2% 0.00 0.01
40,00 6670.53 0.91 0.05 NA 4,21 7.98 8.78 0.35 0.06 .01
50.00 6670.70 1.08 0.05 WA 4 .82 9.26 9.57 0.40 0.00 0.01
60.00 6670.85 1.23 0.05 NA 5.40 10.46 10.26 0.45 0.00 06.01
70.00 6671.00 1.38 0.05 NA 5.594 11.59 10.89 0.49 0.00 0.01
B0.00 6671 .15 1.53 3.05 NA 6.45 12.867 11.46 ‘0.54 0.00 0.01
90.00 6671.28 1.66 3.0 NA 6.93 13.70 11.98 0.58 0.00 0.01
100.00 6671 .41 1.79 0.05 NA 7.40 14.70 12.27 0.62 0.00 0.01
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i 02 Outfall at Railrocad

Channel under Bridge: 62'W x 8'D with 5:1 Side

Channel Calculator

Given Input Data:

Shape ...t iter i oanaarans Trapezoidal

Sclving for ...... ...t Depth of Fiow

Flowrate .........c.0.iiiieinnnnn 433.4000 cfs

BLlOPE i cie e e, 0.0036 ft/ft

Manning's n ..............c...... 0.0175

Height ...t innnnn. 96.0000 in

Bottom width .............. ... 0.0000 in

Left g8lope .. ii e it 0.2000 ft/ft (V/H)

Right slODE . oot one oo i, 0.2000 ft/ft (v/H)
Computed Results:

Depth ... ... i et 41.5062 in

VeloCcity ...t re e i o 7.2453 fps

Full Plowrate ................... 4054.8756 cfs

Flow area ......oeveivirorvannsns 59.8182 ft2

Flow perimeter .................. 423.2819 in

Hydraulic radius ................ 20.3501 in

Top width ........... ... ... .. .. 415.0620 in

AYEE . i i e e e e e e 320.0000 ft2

Perimeter ... ....cciuirinencinnnn 979.0117 in

Percent full ............. ... . ... 43 2356 %

Critical Information

Critical depth ... ... .. .......... 41.0255 in
"y Critical slope ..........c.ocoonn.. 0.0038 ft/ft
Critical velocity ............... 7.4161 fps
Critical area .........ccoe.con-- 58.4407 fe2
Critical perimeter .............. 418.3796 in
Critical hydraulic radius ....... 20.1144 in
Critical top width .............. 410.2549 in
Specific energy ................. 4.2746 ft
Miniom energy .....c..v.evenenenas 5.1282 ft
Froude number ................... 0.9713
Flow condition ..........covvnnn. Subcritical

Channel Rating Curve Data
Depth - in Flowrate - cfs

0 0.00
12 15.83
24 100.57
36 296 .52
48 638.60
60 1157.8¢6
72 1882.81
84 2840.09

9 4054.88

Slopes
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02 Outfall at US Highway 6
79'W x 8'H Bridge Opening

(Approximated by box culvert of equivalent area)
Culvert Calculator
All calculator output should be verified prior to design use

Entered Data:

Shape .. ...t Rectangular

Number of Barrels ............... 1

Solving for ............. ... ... Headwater

Chart Mumber .................... 8

Scale Number .............0.co... 1

Chart Description .............. . BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDRGE BEVEL

Scale Pescription ............... WINGWALLS FLARED 30 TO 75 DEGREES

Overtopping ............ ... ..... off

Flowrate ........... .. .ccuuronnennn. 433.4000 cfs

Mamning's N .. .o vnvnvieninnnn.nn 0.0200

Roadway Elevation ............... 6664.2000 ft

Inlet Elevation ................. 6651.9400 ft

Outlet Elevation ................ 6651.0600 ft

Height ... ... ... ... ciciucen.n. 95 .0000 in

Width ... i i i e 948.0000 in

Length ....... . ... i 34.0000 ft

Entrance LOSS ... .. oo 0.0000

Tailwater .......... . . ......... 0.0100 ft

Computed Results:

Headwater ..............civervn.. 6653 .3538 ft Inlet Cont
=31 7 o T 0.0259 ft/ft
Velocity ... ... ... i, 8.703¢% fps

Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Solving Inlet Eguation 26.
Solving Inlet Equation 28.
Headwater: 6653.3538 ft

rol

DIS- HEAD- INLET OUTLET

CHARGE WATER CONTROL CONTROL FLOW NORMAL CRITICAL OUTLET

Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL.. DEPTH

cts ft ft fe in in fps ft
250.00 6652.88 0.54 0.37 NA 5.43 B.13 7.00 0.45
750.00 6654.04 2.10 1.42 NA 10.54 16,92 10.81 0.88
1000.00 6654.51 2.57 1.86 HNA 12.54 20.49 12.11 1.05
1250.00 &654.95 3.01 2.26 HNA 14,36 23.78 13.22 1.20
1500.00 6655.37 3.43 2 1.34

.64 NA 16.04 26 .85 14.20
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03 Outfall at Railroad
10'W x 8'H Bridge Opening

{Approximated by box culvert cf equivalent area)

Culvert Calculator

All calculator output should be verified prior to design use

Entered Data:

Shape .. ... .. . i i Rectangular

Number of Barrels ............... 1

Solving for ..................... Headwater

Chart Number .............c.cc... 8

Scale Number ..........ccveverenn. 1

Chart Description ............... BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDGE BEVEL

Scale Description ............... WINGWALLS FLARED 30 T0O 75 DEGREES

Overtopping . ........cceeenan... Off

Flowrate . ... ... ... . .. i e, 107.1000 cfs

Mamming's 2 .. ....vvricnennnnnnns 0.0350

Roadway Elevation ............... 6649.3600 ft

Inlet Elevation ................. 6636.5800 ft

Ourlet Elevation ................ 6636.0700 £t

Height .......... ... . .. . ..., ... 96.0000 in

Width ..... . .o e e 120.0000 in

Length .. ... ... ... .. iiinn.. 15.0000 ft

Fntrance LosSs . ... ..ot 0.0000

Tailwater . ... .. ...t iiinennnrnnnn 0.0100 ft

Computed Results:

HeadwatexX ...........--c....o.... 6638.8339 ft

2o o = 0.0340 fr/ft

Velocity ........ ... ..o aann. 8.080%2 fps
Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater,
Solving Inlet Equation 26.
Solving Inlet Equaticon 28.
Headwater: 6638.8339 ft

Inlet Control

OUTLET
DEPTH

DIS- HEAD- INLET OUTLET

CHARGE WATER CONTRCL CONTROL FLOW NORMAL CRITICAL

Flow ELEV. DEPTH DEPTH TYPE DEPTH DEPTH VEL.
cfs ft ft ft in in fps
50.00 6637.87 1.29 1.21 NA 9.73 11.03 6.16
100.00 663B.72 2.14 2.01 NA 15.21 17.51 7.89
150.00 6639.45 2.87 2.69 NA 19.87 22.95 9.06
200.00 6640.10 3.52 3.30 NA 24 .10 27.80 9.56
250.00 6640.71 4.13 3.86 MNA 28.07 32.2¢6 10.6%9
300.00 6641.27 4.69 4.39 NA 31.84 36.43 11.31
350.00 6641.81 5.23 4.89 NA 35.48 40.37 11.84
400.00 6642.33 5.75 5.37 Na 39.00 44 .13 12.31

ft

.81
.27
.66
.01
.34
2.65
2.86
3.25

WNHEHEO

TAILWATER
VEL. DEPTH
fps it
0.00 ¢.01
0.00 0.01
0.00 0.01
0.00 0.0L
0.00 0.0%
0.00 0.01
0.00 “0.01
0.00 0.01
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03 Outfall at US Highway 6
8'W x 7'H Box Culvert

Culvert Calculator

All calculator output should be verified prior to design use

Entered Data:

Shape ....... ittt Rectangular

Number of Barrels ............... 1

Solving for ........ ..o, Headwater

Chart Number .................... 8

Scale Mumber .................... 1

Chart Description ............... BOX CULVERT WITH FLARED WINGWALLS
NO INLET TOP EDGE BEVEL

Scale Description ............... WINGWALLS FLARED 30 'TO 75 DEGREES

Overtopping .......civuvirnnnnna. Off

Flowrate ..... ... . . o, 107.1000 cfs

Manning's n . ... ... eemoeennnnn 0.0150

Roadway Elevation ............... 6643.3000 ft

Inlet Elevation ................. 6632.0160 ft

Outlet Elevation ................ 6630.7550 ft

Height ... ...t iiinnenns 84.0000 in

Width ... ... . . 96.0000 in

Length ........ i, 56.0000 ft

EBntrance LOBS ... ... ot nn 0.0000

Tailwater .. ... ..o ore o 0.0100 ft

Computed Results:

Headwater .............cioinnon.. 6634.7278 ft

BLOPE v ettt 0.0225 ft/ft

Velocity ... oot ie e 13.0106 fps
Messages:

Inlet head > Outlet head.
Computing Inlet Control headwater.
Selving Inlet Equation 26.
Solving Inlet Equation 28.
Headwater: 6634.7278 ft

DIS- HEAD- INLET QUTLET

CHARGE WATER CONTROL CONTROL FLOW NORMAL
Flow ELEV. DEPTH DEPTH TYPE DEPTH
cfs ft ft ft in
50.00 6634.23 1.58 2.21 NA 7.56
100.00 6635.28 2.58 3.26 NA 11.81
150.00 6636.16 3.43 4.14 NA 15.42
200.00 6636.95 4.20 4.93 NA 18.69
250.00 6637.87 4 .91 5.65 NA 21.76
300.00 6638.35 5.57 6.33 HNA 24 .68
350.00 6638.99 6.21 6.97 HNA 27.48

400.00 6639.59 6.81 7.57 HNA 30.20

CRITICAL
DEPTH
in

21.27
21.27
21.27
21.27
21.27
21.27
21.27
21 .27

[v-IES |

Xe]

11

Inlet Contrel

QUTLET
VEL.

fps

.86
.38
.45
.30
10.
10.

02
65

.21
11.

72

DEPTH

fr

0.63
0.98
1.28
1.56
il.81
2.06
2.29

“2.52

TATLWATER
VEL. DEPTH
fps ft
0.00 0.01
0.00 0.01
0.00 G.01
.00 0.01
0.00 0.01
0,00 0.01
0,00 0.0%
0.40 0.01
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