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Mr. Ed Toms, P.E.
URS Corporation
8181 East Tufts Avenue
Denver, CO 80237
When replying, please refer to:
CONTINENTAL DAM
| C Water Division 3, DAMID: 200110

Subject: Approval of Flood Hydrology Report
" Dear Ed:

\ Thank you for submitting for review by the State Engineer, the final Flood Hydrology Report for
Continental Reservoir Dam, located in Hinsdale County, Colorado. This office has completed the review of the
revised hydrology report, dated May11, 2011, in accordance with the State of Colorado’s Rules and Regulations
for Dam Safety and Dam Construction (Rules and Regulations). Upon review, it has been determined that report
satisfies the criteria specified in the applicable Rules and the report is hereby accepted.

The Flood Hydrology Report identifies the Saguache Storm (EPAT Local Storm) as the basis for the
Inflow Design Flood (IDF) for Continental Dam. The report also concludes that the spillway is inadequate for
the General Storm developed using the procedures in HMR-55A, and that substantial overtopping would occur
under this scenario. Based on the results presented in the report, it is apparent that the relatively small storm
volumes associated with the EPAT and HMR-55A Local Storms result in substantial attenuation of the peak
flows. Conversely, the larger storm volume associated with HMR-55A General Storm results in less attenuation
and overtopping of the dam by some 3.7 feet. It is noted that this is a somewhat unusual situation in that the
General Storm is the controlling event according to the HMR-55A procedures, whereas the Local Storm is the
controlling event according to the EPAT. The intent of the submitted report was to verify the hydrologic
adequacy of the existing spillway, and we concur that the spillway can pass the EPAT-based IDF, which

C;sa’cisﬁes the Rules and Regulations. However, in the event that the Owner pursues plans to rehabilitate the

Office of the State Engineer
1313 Sherman Street, Suite 818  Denver, CO 80203 ¢ Phone: 303-866-3581 o Fax: 303-866-3589
www.water.state.co.us
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spillway, the issue discussed above will be re-evaluated based on our evolving understanding of the reliability
of EPAT results, particularly considering that the two methods (HMR & EPAT) indicate differing controlling
- storm types (General vs Local).
Thank you for your submittal, and if you have any questions or comments, please contact the local Dam ]
Safety Field Engineer, Matthew Gavin, at (970) 247-1845, XT 7003.

Sincerely,

Mark R. Haynes, P.E.
Chief, Safety of Dams Program

cc:  Craig Cotten, Division Engineer -
Matthew Gavin, Dam Safety Engineer
Steve Baer, Water Commissioner, District 20
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Executive Summary

OVERVIEW

Continental Reservoir, in Hinsdale County, Colorado, is impounded by an embankment dam
along its northeast side. The main dam is an earthen structure, approximately 310 feet long and
92 feet high, based on the Dam Safety Engineer’s Inspection Report from June 4, 2009, available
drawings, and reservoir storage data. The spillway consists of a 140-foot long, side channel
spillway with a lined discharge chute and dissipation basin. The State Engineer’s Office (SEO)
classifies the main dam as a large, high-hazard structure. The dam and reservoir are owned and

operated by the Santa Maria Reservoir Company (SMRC), of Monte Vista, Colorado.

The purpose of this report is to present the assumptions, criteria, and calculations for the
development of the inflow design flood (IDF) for Continental Reservoir. The IDF will be used
as the basis of design for future spillway improvements. The development of the IDF included
estimating the inflow floods resulting from the 24-hour, 100-year storm; the Extreme Storm
Precipitation (ESP) and Probable Maximum Precipitation (PMP) storms in order to define the
critical storm event for the project. The ESP storms were developed using the Extreme
Precipitation Analysis Tool (EPAT). The storm events were evaluated using United States
Bureau of Reclamation’s (USBR) dimensionless unit hydrograph procedure outlined in USBR’s
Flood Hydrology Manual (Cudworth, 1989).

URS modeled several ESP and PMP storm events to determine the IDF. USBR’s methodology
for development of the synthetic unit hydrograph was used for this study.

CONCLUSIONS AND RECOMMENDATIONS

After analyzing the flood values developed from the different storms, the recommended storm
for the IDF was the EPAT local Saguache storm. The IDF produced a peak reservoir inflow of
approximately 27,100 cfs resulting in a peak reservoir elevation of 10,285.3 feet, which is
approximately 5.3 feet above the spillway crest and approximately 4.7 feet below the crest of the
dam. The Hydrometerological Report (HMR)-S 5A storm could have been selected as the IDF,
because it resulted in the largest outflow and overtopped the dam by approximately 3.7 feet.
However, the EPAT results were considered more accurate due to the high elevation ranges of
the watershed and dam. The existing spillway has adequate capacity to safely pass the IDF;

therefore capacity enlargement is not required. Structural improvements will be required,

URS ES-1
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however, and the IDF will be used to size the new spillway. The replacement spillway will be

sized to safely pass the IDF and will meet SEO Dam Safety Rules and Regulations (Rules).

URS | ES-2



Section 1




SECTIONONE Introduction

1.1 PURPOSE

The purpose of this report is to present the assumptions, criteria, and calculations for the
development of the IDF for Continental Reservoir. The IDF will be used as the basis of design
for future spillway improvements. The development of the IDF included estimating the inflow
floods resulting from the 24-hour, 100-year storm and the ESP and HMR-55A storms in order to
define the critical storm event for the dam and reservoir. The ESP storms were developed using
the EPAT. The general and local storm events were both evaluated using USBR’s dimensionless

unit hydrograph procedure outlined in USBR’s Flood Hydrology Manual (Cudworth, 1989).

1.2 EXISTING CONDITIONS

Continental Reservoir is impounded by an embankment dam along the northeast side of the
reservoir. The main dam is an earthen structure, approximately 310 feet long and 92 feet high,
based on the Dam Safety Engineer’s Inspection Report from June 4, 2009, available drawings,
and reservoir storage data. The spillway consists of a 140-foot long, side channel spillway with a
lined discharge chute and dissipation basin. The main dam is currently classified as a high-

hazard structure. The dam and reservoir are owned and operated by the SMRC.

Initially designed in 1911, the dam was re-designed and constructed between May 1925 and
December 1928 (Inspection Memorandum November 7, 2003) as an irrigation storage reservoir.
The upstream slope of the main dam varies from 2.5H:1V (horizontal:vertical) to 4H:1V, the
downstream slope is 2H:1V, according to Drawing C-259A (Hydro-Triad 1990). The side
channel spillway is located on the right abutment of the main dam crest. The side-channel
spillway is a 12-inch wide weir with a crest 140 feet long, at elevation 10,280 feet. Historical

drawings are presented in Appendix A.

1.3  SCOPE OF WORK
Under an agreement dated September 11, 2009, the SMRC authorized URS to develop the IDF

that could be used for the basis of spillway capacity design (if required). The scope of work was

divided into several tasks. This report presents the results of Task 1.1 — Hydrologic/Hydraulic
Analysis.

URS 1-1



SECTIONONE Introduction

The flood hydrology analysis included the development of the 100-year storm event and the
general and local PMP storm events. The PMP storm events were prepared by two methods,
EPAT and HMR-55A, so their results could be compared. The floods were routed through the
reservoir and existing dam configuration to determine the critical storm event for the project.
The critical storm event was selected for the basis for spillway design. URS used existing
mapping for the project. Additional surveying or mapping was not performed. URS also used
available reservoir storage data that was provided by the Dam Safety Engineer for the Colorado

Division of Water Resources.

1.4  STUDY LIMITATIONS

Professional judgments in this report were based on evaluation of technical information and on
our experience with similar projects. URS represents services that are performed within the
limits prescribed by the client, in a manner consistent with the level of care and skill ordinarily
exercised by other professional consultants under similar circumstances. No other representation

to the client, expressed or implied, and no warranty or guarantee is included or intended.

URS 1-2
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SECTIONT WO Flood Hydrology

2.1 OVERVIEW
This section presents the flood hydrology developed for Continental Reservoir. The flood

hydrology was prepared in conformance with the SEO Rules, dated January 1, 2007 (SEO,
2007). The flood hydrology was developed using precipitation values from the EPAT and
HMR-55A for PMP storms, and the NOAA Atlas 2 for the 100-year storm.

2.2  INFLOW DESIGN FLOOD BASIS

The magnitude of the IDF is defined by the ESP or the HMR-55A storm event, and the size and
hazard classification of the dam. The magnitude or percentage of the ESP or HMR-55A storm
that is required to size the dam’s spillway capacity was selected based on the characteristics of

the watershed and the dam size and hazard classification.

Dam sizes are classified as minor, small, and large, based on the SEO Rules. SEO Rules define
the dam classification based on the height and reservoir volume. Continental Dam is a 92-foot
high embankment structure that impounds 22,825 ac-ft at the spillway crest, based on SEO
storage data. SEO Rules state that a large size dam has a height greater than 50 feet and a
capacity greater than 4,000 ac-ft. Therefore, the dam is classified as a “large” dam by SEO
Rules.

The hazard classification is based on downstream hazard potential due to failure or improper
operation of the dam. Presently, Continental Dam is classified as a “high” hazard structure. A
high-hazard dam is one for which loss of human life is expected to result from a possible dam

failure.

SEO Rules state that large, high-hazard dams shall safely pass 100% of the general or local ESP
storm event, or 90% of the general or local HMR-55A PMP storm event, depending on the

selected method to compute the IDF storm event.

2.3 DRAINAGE BASIN DESCRIPTION

The drainage basin contributing to Continental Reservoir is approximately 50.1 mi’ in size and
the reservoir area is approximately 0.72 mi” in size. The drainage basin ranges in elevation from
approximately 10,280 feet at the spillway crest to approximately 12,845 feet at the Continental

Divide. Vegetation cover varies throughout the basin due to the range in elevations and
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24  INFILTRATION
The State of Colorado’s Hydrologic Basin Response Parameter Estimation Guidelines (SEO,

2008) recommends using Green and Ampt infiltration methodology for the 100-year frequency
storm, and initial and constant methodology for PMP storms. Detailed infiltration calculations

for both methodologies are included in Appendix B.

Using Green and Ampt methodology for the 100-year storm, an initial loss of 0.30 inches of
runoff was estimated, assuming a vegetative cover between 40% and 80% and an average slope
greater than 10% soil maps obtained from the USDA’s Geospatial Data Gateway (USDA, 2010)
indicate that the watershed is mostly composed of cobbly loams, silt loams, gravely loams, and a
range of decomposed plant material. An estimated area weighted average of the first 6 inches of
soil resulted in a bare ground hydraulic conductivity of 0.18 in/hr (SEO, 2008). This hydraulic
conductivity value for bare soil was adjusted to account for vegetative cover, as described in
SEO (2008). An adjustment ratio of 1.33 was obtained, making the hydraulic conductivity of the
watershed approximately to 0.24 in/hr. It was assumed the 100-year storm could occur in the
spring when snowmelt saturates the soil, and thus, no moisture deficit. The wetting front
capillary suction was estimated to be 4.7 inches, based on the bare soil hydraulic conductivity
rate. A comprising imperviousness for the watershed was estimated at 6.5% based on the

USDA'’s reported standing water and rock outcropping areas.

The drainage basin was modeled assuming an initial loss of 0.6 inches for all PMP storms, with a
constant loss rate of 0.13 in/hr. Using the same soil types described for the 100-year storm, a
hydraulic conductivity for bare soils was estimated at 0.10 in/hr according to SEO (2008). This
hydraulic conductivity value for bare soil was adjusted to account for vegetative cover, as
described in SEO (2008). An adjustment ratio of 1.33 was obtained, making the hydraulic
conductivity of the watershed approximately to 0.13 in/hr. The surface retention loss was
estimated to be 0.30 inches using SEO (2008) for a vegetative cover between 40% and 80% with
an average slope greater than 10%. The initial infiltration was estimated to be 0.3 inches for
“normal” ground using SEO (2008). The sum of the retention loss and initial infiltration resulted
in a total initial loss of 0.6 inches. Table 2-1 provides a summary of all estimated losses

corresponding with each design storm.

URS 23
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Table 2-1
Summary of the Continental Watershed Infiltration Parameters.

Local Initial an |

(HMR-55A) Constant - 0.13 0.6
General PMP Initial and
(HMR-55A) Constant - 0.13 0.6
Initial and :
EPAT Constant - 0.13 0.6
100-year, 24-hr | Green-Ampt 4.7 0.24 0.3

25 EXTREME STORM AND PROBABLE MAXIMUM PRECIPITATION

Two methods were used to develop extreme precipitation estimates for the project: the EPAT
and HMR-55A methods. The EPAT results typically serve as the basis for evaluating the need
for spillway improvements. The PMP storm event is developed, based on HMR-55A, for
comparison purposes, to determine the reasonableness of the EPAT results. The EPAT was
developed based on histbrical, site-specific PMP studies that were developed for dams over the
past 10 years within Colorado, and therefore it is more representative of storm events within

Colorado than HMR-55A.

2.5.1 Extreme Precipitation Analysis Tool
The ESP was estimated for the watershed by using EPAT, version 4.2. EPAT is a computer

model that creates scientifically reproducible extreme precipitation results for Colorado. The
ESP is a SSPMP that can be developed for areas within Colorado. The SSPMP is theoretically
the greatest depth of precipitation for a given duration that is physically possible over a given
size storm area, at a particular geographic location, at a certain time of the year, while

acknowledging that storm sizes and intensities are specific to certain geographic locations.

EPAT only allows historical storms that occurred in the same geographic region as the watershed
above the dam to be used when determining the SSPMP. The historic storms are transposed over
the dam’s watershed in a manner that makes the storm’s spatial coverage consistent with what
would occur in nature. The automated process follows certain calculations and procedures

considered important in the HMR. These steps are then translated into GIS for transposing the

URS 24
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storm to the new location. EPAT develops both the general and local storm ESPs. EPAT results

are presented in Appendix C.

The general storm ESP is considered a storm event that usually produces precipitation over an
area larger than 500 mi® for durations longer than 6 hours. This type of storm is primarily caused
by cyclonic precipitation associated with large-scale weather features such as pressure systems
and fronts. EPAT produced four general storms for the Continéntal Reservoir drainage basin.
All four storms were modeled, and the storm that produced the largest peak inflow and volume
to Continental Reservoir was selected as the general ESP storm event. The general storms
created by EPAT had relatively low rainfall intensities that were typically less than the constant
soil infiltration rates. As a result, the majority of rainfall infiltrates the ground as opposed to
becoming runoff for the EPAT general storms. For example, the historical storm used to develop
the general ESP storm event was the Palisade Lake storm over southwest Colorado that occurred
on June 26-29, 1927 and produced 5.9 inches of precipitation over 84 hours. The average
precipitation intensity full duration of the storm is 0.08 in/hr, which is less than the constant
infiltration rate of 0.13 in/hr. Although periods of higher rainfall intensities occur during this

specific storm, the large majority of rainfall infiltrates into the soil.

The local ESP storm event is generally considered a storm event that is confined in duration and
location. A local storm rarely occurs in areas exceeding 500 mi” and the duration is often 6
hours or less. This type of storm is primarily caused by convective precipitation associated with
vertical upward motion within an extended mass of moist air, where the moist air is warmer than
its environment. EPAT produced three local storms for the drainage basin of Continental
Reservoir. All three storms were modeled. The storm that produced the largest peak inflow and
volume to Continental Reservoir was chosen as the local ESP storm. The historical storm used to
develop the local ESP storm event was Saguache storm on Saguache Creek that occurred on July
25, 1999, which produced 5.22 inches of precipitation over 2 hours. The precipitation used for
the local ESP storm event, after transposing the historical storm over the Continental Reservoir

watershed, produced 2.88 inches of precipitation over 2.7 hours.

2.5.2 Hydrometeorological Report 55A
The PMP storm event for the watershed was also estimated by using procedures presented in the

HMR-55A, so the results could be compared against those estimated by the EPAT method. The
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PMP storm event is theoretically the greatest depth of precipitation for a given duration that is
physically possible over a given size storm area, at a particular geographic location, at a certain
time of the year. HMR-55A includes the PMP for local and general storm events between the

Continental Divide and east toward the 103™ Meridian.

The general PMP storm event is considered a storm event that usually produces precipitation
over an area larger than 500 mi” for durations longer than 6 hours. This type of storm is
primarily caused by cyclonic precipitation associated with large-scale weather features such as
pressure systems and fronts. PMP depths for the general PMP storm event for Continental
Reservoir were estimated from HMR-55A. Precipitation depths for the 5- and 15-minute
durations were estimated using the SEO’s “Dam Safety Project Review Guide” (SEO, 1994), and
the 2-, 3-, 12-, and 48-hour precipitation depths were interpolated from the HMR-55A values (1-,
6-, 24-, and 72-hour depths).

The local PMP storm event is generally considered a storm event that is confined in duration and
location. A local PMP storm event rarely occurs in areas exceeding 500 mi® and the duration is
often 6 hours or less. This type of storm is primarily caused by convective precipitation
associated with vertical upward motion within an extended mass of moist air, where the moist air

i1s warmer than its environment.

The 15-minute to 6-hour PMP depths for the local PMP storm event were estimated from HMR-
55A. The 5-minute PMP was estimated to be approximately 45% of the 15-minute value from
HMR-55A. This estimate is based on the SEO “Dam Safety Project Review Guide” (SEO,
1994).

Due to the drainage basin having an average elevation of approximately 11400 feet, the PMP
was reduced for elevation. According to the SEO Rules for high-hazard dams (SEO, 2007), both
the general storm (east of the Continental Divide) and local storms were reduced to 90% of the
PMP (0.9 PMP). The general and local PMP storm event estimates are shown in Table 2-2.

Detailed calculations procedures and materials are presented in Appendix C.
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Table 2-2
General and Local Storm PMP (HMR-55A)

] CowslSomn | TLoel Siean

Dugationt =

S5-minute 0.63 0.77

15-minute 1.67 1.7
1-hour 3.7 33
2-hour 4.5 4.1
3-hour 5.4 4.5
6-hour 7.2 5.3
12-hour 11 -
24-hour 15.5 -
48-hour 18.2 -
72-hour 20.2 -

2.5.3 24-Hour, 100-Year Storm Event
The 24-hour, 100-year storm event from isopluvial maps located in NOAA Atlas 2, Volume III.

Methodologies found in the NOAA Atlas 2 were used to develop precipitation depths for -
durations other than the 6-hour and 24-hour durations reported on the isopluvial maps. The areal
adjusted 24-hour, 100-year storm precipitation depth was 3.14 inches. The 24-hour, 100-year

storm estimates are presented in Table 2-3. Detailed calculation procedures and materials are
presented in Appendix C.

" Table 2-3
24-Hour, 100-Year Storm Precipitation

15-minute 0.83

1-hour 1.46
2-hour 1.7
3-hour 1.86
6-hour 2.16
12-hour 2.65
24-hour 3.14

2-7
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2.6  UNIT HYDROGRAPH ‘

The general PMP, local PMP, and 24-hour, 100-year storm unit hydrographs were developed
based on USBR’s methods. The unit hydrographs using the methodology for development of a
synthetic unit hydrograph as outlined in USBR’s Flood Hydrology Manual (Cudworth, 1989).

Lag times were calculated as part of the procedure to obtain the unit hydrograph for the
watershed. Lag time is the time between the peak rainfall intensity and the centroid of the runoff
at the outlet of the watershed. It is influenced by the shape, steepness, and roughness of the

watershed. The following USBR equation was used to estimate the lag time for the watershed:

L Lca :|0.33

SO.S

%=%m{

Where:
Lg= Lag time (hours)
K, = Basin weighted Manning’s roughness coefficient (dimensionless)

= Length of longest watercourse from point of concentration to boundary of
drainage watershed (mile)
The distance along L from the base to a point nearest the centroid of the

watershed (mile)

Lca

S=  Overall channel slope (ft/mi)
The unit hydrograph was based on measurable and observed physical parameters of the
watershed. Drainage area, length of longest watercourse (L), distance to centroid (L.,), and slope
(S), were estimated from the USGS quad maps. Unit hydrograph calculations are presented in
Appendix D.
The K, values suggested for the PMF and 24-hour, 100-year storm events are summarized in
Table 7 of the Hydrologic Basin Response, Parameter Estimation Guidelines (SEO, 2008).

Average values of the range of K, values suggested by SEO (2008) were adopted. K, values of
0.225, 0.065, and 0.25 were used for the general PMP, local PMP, and 24-hour, 100-year storms,

respectively.

The values for the various unit hydrograph parameters are presented in Table 2-4.
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Table 2-4
Unit Hydrograph Parameters

Gyl Sipmm - |

& pa (e pEn | Stomn
Unit Hydrograph Rocky Mountain Rocky Mountain Rocky Mountain
Type (General Storm) (Thunderstorm) (Thunderstorm)
Drainage Basin
Area mi’ 50.1 50.1 50.1
Watercourse Length | mile 12.5 12.5 12.5
Watercourse Length
to Centroid Mile 5.1 5.1 5.1
Channel Slope ft/mi 207 207 207
Maximum Elevation feet 12845 12845 12845
Minimum Elevation
(at reservoir) feet 10,280 . . 10,280 10,280
Ks 0.225 0.065 0.250
Lag Time hours 8.92 2.58 9.91

2.7  DAM AND RESERVOIR INFORMATION

Continental Reservoir Dam is an earthen dam consisting of the main dam and spillway. The main
dam crest is located in the northeast side of the reservoir. The spillway is a side channel spillway
with a concrete formed crest and chute. Construction drawings developed by others (Hydro-
Triad, 1990), were utilized to obtain the dam crest and spillway dimensions used in the model.
The values for the dam and spillway parameters are shown in Table 2-5, and the construction

drawings are presented in Appendix A.

Table 2-5
Dam and Spillway Parameters

]

Dam Crest Elevatio

Dam Crest Length feet 310

Dam Crest Width feet 18

Dam Height feet 92
Spillway Crest Elevation feet 10,280

Spillway Crest Length feet 140
Spillway Capacity(1) cfs 11,511
Normal Pool Elevation (2) feet 10,280
Volume at Normal Pool Elevation ac-ft 22,825
Volume at Maximum Pool (3) ac-ft 30,707

1. Peak outflow when reservoir is at dam crest elevation 10,290 feet.
2. When reservoir is at spillway crest.
3. Volume at dam crest elevation 10,290 feet.

Notes:
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2.8 HYDROLOGIC MODELING
URS completed the hydrologic modeling and reservoir routing using the Hydrologic Modeling
System, version 3.4, (USACE, 2008) developed by the USACE, Hydrologic Engineering Center.

Ten storms were modeled, the 48-hour PMP General storm, the 6-hour PMP Local storm, the
four EPAT general storms, the three EPAT local storms, and the 24-hour, 100-year storm. Both
the PMP and the 24-hour, 100-year storms were distributed in the HEC-HMS model using the

balanced storm feature.

The reservoir was assumed to start at the maximum normal pool elevation (spillway elevation) of

10,280 feet for the reservoir routing analysis.

The local HMR-55A PMP storm produced the largest peak runoff rate (41,900 cfs) of the storms
that were considered, however, the storm that resulted in the highest reservoir water surface
elevation and dam outflow was the general PMP storm. The general PMP storm produced a
peak outflow rate of 20,500 cfs and a peak reservoir waters surface at elevation 10,293.7 feet,

which is 3.7 foot above the dam crest elevation 10,290 feet.

The local EPAT storms produced outflow rates and volumes significantly than the general EPAT
storms, due to the low rainfall intensities produced from the general EPAT storms in relation to
the constant soil infiltration rate. The Saguache local EPAT storm was determined to be the

critical EPAT event, thus it was determined to be the ESP.

The 24-hour, 100-year event produced a peak inflow of 4,510 cfs, a peak outflow of 910 cfs, and

a peak reservoir surface at elevation 10,281.5 feet, which is 1.5 feet above the spillway crest.

The results of the hydrologic modeling and reservoir routing analyses are summarized in Table
2-5. HEC-HMS model descriptions, screen captures, and results are presented in Appendix F.
All electronic HEC-HMS files are in Appendix G.b
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SECTIONTHREE Conclusions and Recommendations

3.1 CONCLUSIONS AND RECOMMENDATIONS

After analyzing the flood values developed from the different storms, URS recommends the
EPAT local storm event at Saguache to be used as the IDF storm. The IDF produced a peak
reservoir inflow of approximately 27,100 cfs, and a peak reservoir at elevation 10,285.3 feet,
which was approximately 5.3 feet over the spillway and 4.7 feet below the crest of the
Continental Reservoir Dam. The HMR-55A storm was considered for selection as the IDF
because it resulted in the largest outflow and highest water level in the reservoir, overtopping the
dam by approximately 3.7 feet. However, the EPAT results more accurate due to the higher
elevations within the watershed. The spillway capacity is adequate to pass the IDF. The
spillway will need to be replaced due to the poor condition of the structural concrete. The
replaced spillway capacity will need to pass the IDF with no dam residual freeboard based on

OSE Rules.
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TOP ANCHOR_TRENCH C
SEE DETAIL SHEET 6
A\VMATERIALS STOCK PILE Al :
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PER U.SES. REQUIREMENTS.
mem————"""—""=- SIDE_ANCHOR TRENCH
' SEE DETAIL SHEET 6

SLOPES.

LINING SYSTEM
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“ THAN PLAN DUE
TO FLATTER (2.5:1)

TOE ANCHOR TRENCH
EL.10,250 FT.

3.0H: 1OV

SEE DETAIL SHEET 6 —]

0, 200

CONCRETE
OUTLET
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(SEE SHEET 7}

i?"i:s

SIDE ANCHOR TRENCH
SEE DETAIL SHEET 6

le—EL. 10,261 FT. ¥

40H 1OV

ACCESS ROA

APPROXIMATE LIMITS, OF
LINING WORK EL. 10,282 FT.}

NOTE. EXISTING TOPOGRAPHY
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.

L—EL. 10,279F T,
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(SEE SHEET 5)
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‘h\
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LINE °C" GRAVEL DRAIN JUNCTION location,

-7
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NQTES
1. Contours and mapping developed from best available information.

Actual site conditions to be verified prior to construction.

2. Section A-A, B-B, ond C-C are shown on sheet 4.

a. Seepage has been noted at areas labaled ’A’ and 'B’ in the past, but
seapage areas arg at elevations higher than the peak reservoir
elevations for the previous 12 months prior to occurrence.

4. Location of intercept drain through groin ares is approximate.
Final location to be determined in the field by the Engineer.

5. Access bench cuts on embankment face is permissible, but slope cut
shall ba regraded and compacted upon completion of the work.

6. CE-1, CE-2, and CA-1 refer to existing piezometers which shall be
maintained. Dril1 Logs are shown on Sheet 6.

1. A1l elevations are shown in feet.

8. relocate existing Parshall Flume to collect all flows from Grave!
drain line "A". Reference Technical Specifications.
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ALIST OF ABBREVIATIONS

FT. = FEET (FOOT)
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AGRAVEL DRAIN PROFILES

SCALE
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NOTES
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SCALE;
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NOTES

Maximum length of open trench at any one time shall be
20 feet.

_Temporary excavation for contractor convenience. Area

to be regraded and compacted immediately upon complation
of the work.

Extreme care shall be taken to avoid sloughing of the
embankment slope.  Sloughing, if any, shall be repaired
immediately.

Paylines for drainage trenches are as shown. Over
sxcavation to facilitate construction may be
necessary to reduce sloughing of tha slopes.
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LEVEL PIPING
(SEE DETAIL)

4450

RESERVOIR
LEVEL PIPING
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TOPEL.2800 FT.

(SEE NOTE 2)

GROUT PORT
{SEE NOTE I}
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)
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(SEE NOTE 1}

1,

AOUTLET CONDUIT

SCALE: I"=20'
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EL.IST.5FT.*

7'-o"
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&

CLEVIS
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AGATE SHAFT REHABILIATION DETAIL

SECTION A-A
SCALE: 1/4"=1'-0"
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DOWNSTREAM OF GATES,
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5'-g"
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b
5&
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STA. 0+54 END
CORRUGATED STEEL

NOTES

A‘l. ACTUAL QUANTITY AND LOCATION OF GROUT PORTS TO BE OETERMINED IN THE

FIELD BY THE ENGINEER.
QUANTITIES AT EACH PORT LOCATION.

(SEE APPENDIX C OF REPORT FOR GROUT
(PORT LOCATIONS #1 WERE OMITTED DUE TO

EXISTING SATISFACTORY CONDITIONS.)

2. ADD 10,000 FEET TO ALL ELEVATIONS.
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Appendix B
Infiltration Calculations







References:
1. State of Colorado (SEQ). 2008. “Hydrologic Basin Response, Parameter Estimation Guidelines.” State of

Colorado, Office of the State Engineer, Dam Safety Branch. Prepared by Tierra Grande Intemational, Inc.
Revised May 2008.

Calculation packet titled “Unit Hydrographs for Continental Reservoir Basin” by Chad Martin on 6/3/10
United States Department of Agriculture (USDA). Geospatial Data Gateway.
<http://datagateway.nrcs.usda.gov/>. 2010.

w P

GIS File:
N:\Projects\22241248_Santa_Maria_Contine\Sub_00\7.0_CAD_GIS

Continental_Soil

Spreadsheet File:
N:\Projects\22241248_Santa_Maria_Contine\Sub_00\10.0_Calculations_Analysis_Data\H&H\Continental\

Infiltration_ContinentaldWM_REV.xls

Analysis:
1. Estimate soil texture for each sub-basin based on NRCS Detailed Soil Map Database. Using estimated XKSAT

values from Table 10 (SEO 2008) attached below, estimate the area weighted XKSAT for each sub-basin

Steps 1 & 2: Watershed delineation:
The watershed was delineated as described in the Reference 2 (unit hydrographs calculation packet). The

watershed is slightly greater than 50 square miles (50.12 sq. mi.).

A detailed soil survey map was obtained from the USDA Data Gateway website (USDA, 2010). Only the first 6
inches of soil was analyzed as suggested on page 51 of the SEO, 2008 guidelines. For soil polygons with more than
one soil type in the first 6 inches, the smallest XKSAT was adopted being the limiting infiltration value during a
extreme storm event. The figure below shows that the watershed is primarily composed of cobbly loams, silt loams,
gravely loams, and a range of decomposed plant material. These areas contain approximately 93% of the
watershed. The remaining 7% the watershed composition contains standing water from the reservoir and rock
outcroppings, which were considered impervious.

Date: 6/8/2010 Page 20f 6
: Form 3-3 (MM)






loamy

sand 1.2 SEO, 2008
sandy loam 0.4 SEOQ, 2008
loam 0.25 SEO, 2008
silty loam 0.15 SEO, 2008
silt 0.1 SEO, 2008
sandy clay loam 0.06 SEQ, 2008
clay loam 0.04 SEQ, 2008
silty clay loam 0.04 SEO, 2008
sandy clay loam 0.02 SEQ, 2008
silty clay loam 0.02 SEO, 2008
clay 0.01 SEO, 2008
rock outcroppings 0 Assumed
water 0 Assumed
cobbly loam 0.25 Assumed
| _gravelly sandy loam 0.4 Assumed
peat 12 Assumed
decomposed plants 6 Assumed

Table 2: Weighted XKSAT calculations.

d soil texture (based on Table 10, SEO 2008)

1 107 Loam 0.25 100.0% 0.25 0.07
2 | 116 | ¥ineSandy 0.4 100.0% 040 | o001
Loam
3 124 Silt Loam 0.15 100.0% 0.15 3.18
Moderately
4 125 decomposed 6 33.0% 0.15 173 15.5%
plant material 0.023
Stoney Silt
Loam 0.15 67.0%
Very Stony
5 127 Loam 0.25 67.0% 0.25 0.04 0.1% 0.000
Very
Gravelly 1.2 33.0%
Sandy Loam
6 128 Silt Loam 0.15 100.0% 0.15 2.14 4.3% 0.006
Very cobbly
7 129 Loam 0.25 50.0% 0.15 2.56 5.1% 0.008
Very cobbly
Loam, Very
Cobbly Silt 0.15 50.0%
Loam
Date: 6/8/2010 Page 4 of 6

Form 3-3 (MM)



C

Moderately
8 137 decomposed 6 33.0% 0.25 0.85 1.7%
plant material 1 0.004
Cobbly Loam 0.25 67.0%
Highly
o | 140 | Decomposed 6 50.0% 0.15 781 | 15.6%
Plant
Material 0.023
Cobbly Silt
Loam 0.15 50.0%
Highly
10| 142 | Decomposed 6 50.0% 0.15 046 | 09%
Plant
Material 0.001
Cobbly Silt
Loam 0.15 50.0%
Very cobbly
11 153 Ioam 0.25 100.0% 0.25 0.57 1.1% 0.003
Very cobbly
12 154 Ioam 0.25 100.0% 0.25 9.62 19.2% 0.048
Moderately
13 155 decomposed 6 33.0% 0.25 0.03 0.1%
plant material 0.000
Cobbly Loam 0.25 67.0%
Gravelly
14 157 Loam 0.25 100.0% 0.25 1.08 2.2% 0.005
Gravelly
15 160 Loam 0.25 100.0% 0.25 1.79 3.6% 0.009
Gravelly
16 161 Loam 0.25 100.0% 0.25 1.20 2.4% 0.006
17 162 Rock Outcrop 0 100.0% 0.00 3.02 6.0% 0.000
Slightly
18| 165 | Decomposed 6 33.0% 0.25 7.08 14.2%
Plant
Material 0.035
Cobbly Loam 0.25 67.0%
19 174 Cobbly Loam 0.25 83.0% 0.04 0.03 0.1% 0.000
Cobbly Clay 0.04 17.0%
Loam
20 W Water 0 100.0% 0.00 0.73 1.5%
: ‘WE&@M&W%&&“@Q@ 5
U Avea Weighted XKSAT, ©

Steps 3. 4, and 5: Estimate 1A and RTIMP
IA is surface retention loss and RTIMP is watershed impervious area. Since the watershed was not divided into sub-

areas, composite values of IA and RTIMP were not calculated.

Date: 6/8/2010

Page 5of 6
Form 3-3 (MM)







Step 10: Summarize the results : 1/6} .

Green & Ampt Parameter Source [ | Value

C h Initial Loss (IA) Table8 | [0.30in

i Bare Ground XKSAT Table 1&2 \ | 0.18 in/hr
KSAT Adjustment for XKSAT Figure 8 1.33x0.18 in/hr = 0.24 inhr
PSIF Figure 4 "Rin
DTHETA Figure 4 0.0
RTIMP GIS 6.5%
Date: 6/8/2010 ' Page 7 of 6

Form 3-3 (MM)
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Table 8

IA as a function of vegetation cover
and average land slope for natural areas
(to be used with the Green and Ampt
infiltration equation for estimating rainfall losses)

Surface Retention Loss (IA), inches

Average % Vegetation Cover
Slope 0-10% 10-40% 40-80% 80-100%
(1) (2) (3) (4) (5)
0-1% 0.4 0.6 0.8 1.0
1-5% 0.3 0.4 0.6 0.8
5-10% 0.2 0.3 0.4 0.6
>10% 0.1 0.2 0.3 0.4

Note: Not to be used in rainfall-runoff modeling with rainfalls
more frequent than 100-year.

19 March 2007

30




Figure 4
Composite values of PSIF and DTHETA as a function of XKSAT
(To be used for Area-Weighted Averaging of Green and Ampt Parameters
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

[Absence of an entry indicates that the data were not estimated, This report shows only the major soils in each map unit]

Classification Fragments Percent passing sieve number—
Map symbol Liquid |Plasticity
and soif name Depth USDA texture . >10 3-10 limit ] index
Unified | AASHTO | o | inches 4 10 40 200
n Pct Pct Pct
107 N‘z.? _
Booneville /6% Loam ML A, 0 03 86-94 83-91 72-86 5163 36-50 1147
= AT-6
L N— 1018  Loam ML A6, 0 0-12 93-94 91 79-86 5865 36-50 11417
A-7-6
18-26  Very cobbly loam cL, A6, 0 3743 72-83 67-78 57-71 4253 3445 15-19
SC A-7-6
26-37  Very cobbly clay loam cL, A6, 0 40-46 69-81 6476 56-71 4254 3848 1923
GC A6
37-60  Cabbly sandy clay loam sC A6 0 18-26 75-85 70-80 59-73 3747 31-39 15-19
Claybum /OOQ Loam cL A6 0 0 80-100 80100  69-93 5171 3142 13-18
1218 Clayloam cL A, 0 0-12 94 91 82-84 63-66 3845 19-21
A-7-6
18-31  Clayloam cL AS, 0 0-12 94 91 81-88 63-69 3747 19-24
AT-6
31-60  Very cobbly loam cL, A6 510 40-46 65-78 62-75 53-69 41-54 29-38 13-18
GC
& "4, b
/Cabin % (A > Fine sandy loam cL, A4, 0 0 93100 93100  79-93 46-56 26-35 512
’ CL-ML, A6
% SC,
‘ SC-SM
A3% Fine sandy loam SC, A4, 0 0 93-100 93100  78-91 41-50 26-35 5.12
SCSM A6
1218 Gravelly sandy clay loam sc A-2:6, 0 7-14 71-79 70-78 56-68 2935 3142 13-18
A2-7
1823 Verycobblysandyclaylcam  SC A-2-6, 0 3547 78-80 77-80 64-71 32-38 3040 13-18
A6
23-60  Extremely gravelly loamy GW-GM A-1-a 0 25-35 2540 20-30 10-25 510 0 NP
sand
USDA Natural Resources Survey Area Version: 2
;_— . - .
@l Conservation Service Survey Area Version Date: 08/04/2010 Page 1
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number—
Map symbol Liquid |Plasticity
Depth USDA texture 1 -1 il :
and soll name Unified | AASHTO | =0 | 10 4 10 40 200 limit | index
in Pct Pct Pct
116:
Silas 83% 0-5 Silt loam . CL A6 0 0 100 100 94.98 86-90 3342 14-18
l?—& 5 Siit loam CL A6 0 0 100 100 93-97 85-89 33-42 1418
12-16 Silty clay loam CL A-6, 0 0 81-100 80-100 79-100 71-94 38-47 19-23
A-7-6
16-23  Silty clay loam cL A6, 0 0 81-100 80100 78100  71-93 3847 1923
A-7-6
23-27 Sitty clay loam CL A-6, 0 0 92-100 91-100 89-100 80-92 3847 19-23
A-7-6
27-33 Silt loam CL A-6 0 0 84-100 83-100 77-96 67-85 3340 15-18
3347 Clay loam CL A-6, 0 0 81-100 80-100 74-97 63-82 37-44 19-23
A-7-6
47-60 Very gravelly sandy loam GC-GM, A-1-b, 0 8-16 3845 35-43 25-34 15-20 0-30 NP-10
GM A-2-4
124:
Cryaquolls /00% @ Sitt loam ML A6, 0 0 77-90 76-89 71-89 65-82 36-50 12-18
A-7-6
6-17 Silty clay loam CL A-7-6 0 0 79-91 78-90 76-90 69-83 39-50 19-22
17-80 Very gravelly silt loam GC A-2-6, 0 0 40-49 3747 34-45 3040 3242 13-18
A6 :
Cryoborolls 6T /o4 Loam ML A6, 0 03 82-100  81-100 7182 53-69 3748 1217
A-7-6
4-11 Loam CL A-6 0 0-3 82-91 8190 70-82 52-61 33-42 14-18
33 76 11-19 Very gravelly clay loam GC A-6, 0 0-15 50-60 4555 40-50 3645 38-49 19-24
A-7-6
19-27 Very cobbly clay loam GC A-6, 0 24-31 56-65 55-64 47-59 3645 37-47 19-24
A-7-6
27-60 Very cobbly sandy clay loam GC A-2-6 0 3040 52-61 50-60 42-55 26-35 3141 15-21

USDA Natural Resources
e o .
] Censervation Service

Survey Area Version: 2

Survey Area Version Dale: 08/04/2010

Page 2



Engineering Properties
Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties
Classification Fragments Percent passing sieve number--
Map symbol Liquid ]Plasticity
it Depth USDA texture > e i
and sl name Unified | AASHTO | 10 ,,;‘g;gs 4 10 40 200 fimit { index
,;:f-"“m.,\ in Pct Pct Pct
e o
125:
4 Cryoboralfs o 3376 0-2 Moderately decomposed PT A-8 0 0 100 100 - — — —
@ o "o plant material
%, o (O? 2-6 Stony silt loam CL A-6, 25-30 0 100 100 93-97 82-86 34-44 15-18
‘\-m-:a"""'“ A-7-6
6-9 Stony clay loam CL A-6, 24-37 0 100 100 90-93 70-73 3845 19-21
A-7-6 .
9-18 Very stony silty clay loam CL _ A-7-6 51-53 0 94-100 93-100 88-100 7891 40-49 21-26
18-62 Very stony clay CH, A-7-6 55-60 0 84-100 83-100 7797 62-79 47-53 29-32
CL
0-60 Unweathered bedrock - — -— - - — — - — ;o
e?'&, Very stony loam GC A-6 17-25 17-25 67-711 66-70 57-63 40-45 30-37 1317
237% \41 Very gravelly sandy loam GC-GM, A-1b, 815 15-25 47-54 44-52 3242 20-28 0-31 NP-10
GM A-24
10-17 Extremely cobbly sandy loam GC-GM, A-1-b, 15-25 3340 3242 3040 22-32 14-21 0-31 NP-10
GM A-2-4
17-28 Extremely story sandy loam GC-GM, A-1-a, 3340 46-52 26-36 23-33 16-26 9-16 0-30 NP-10
. GM, A-2-4
GW-GC
28-33  Unweathered bedrock - - - - — — — - — -
Rock outcrop 0-60 Unweathered bedrock - — - — - — - - -— -
128:
Crychermists 100% @ Mucky peat PT A8 0 0 100 100 — - - —_
38-60 Gravelly loam, loam CL, A4, 0 0-5 70-100 6595 60-90 45-80 24-41 7-17
CL-ML, A-6
SC,
SC-SM

USDA Natural Resources
>—/ Conservation Service

Survey Asea Version: 2
Survey Area Version Date; 08/04/2010
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Engineering Properties
Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties
Classification Fragments Percent passing sieve number—
Map symbol Liquid }Plasticity
i Depth USDA texture > 1 A .
and soll name Unified | AASHTO [ (10 | 10 a 10 40 200 fmit | index
in Pot Pct Pet
128: '
Cryaquolls ! oo% Siit loam ML A, 0 0 77-90 76-89 71-89 65-82 36-50 12-18
A-7-6
617 Sitty clay loam cL A76 0 0 79-91 78-90 76-90 69-83 39-50 1922
17-60 Very gravelly silt loam GC A-2-6, 0 0 40-49 3747 34-45 3040 3242 13-18
A-6
@% .~3 Very cabbly loam "GM A-24, 015 15-30 55-75 50-70 4560 3040 2945 5-15
A-28,
A4
5’6'4 312 Very cobbly loam, very GC, A-2-4, 015 15-35 55-75 50-70 45-60 3040 20-33 613
cobbly silt loam GC-GM  A-2-6,
’ A4
12-16 Unweathered bedrock — - - — — — - — - —
Rock outcrop 0-60 Unweathered bedrock - - — — — — —_— - - —
Rubble land - - - — - — — - — - - -
3% /& Moderately decomposed PT A8 0 0 100 100 - - — -
plant material ’
b-'n 29 Cobbly loam CL, A4 0-1 18-22 78-86 7785 64-78 4556 21-31 6-12
SC,
SC-SM
9-22 Very cobbly sandy loam GC-GM, A-24, 815 30-35 67-76 66-75 5164 3243 0-31 NP-10
GM, A4
SC-SM,
SM
2-33  Extremely cobbly sandy loam  GC-GM, A-1-a, 815 65-75 33-52 31-50 2342 12-24 0-30 NP-10
GM A-24
3848  Unweathered bedrock — - —

USDA Natural Resources
'-"\—" Conservation Service

Survey Area Version: 2
Survey Area Version Date: 08/04/2010

Page 4



Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Consjos, Hinsdale, Mineral, Rio Grande, Saguache,

Engineering Properties

O

and San Juan Counties

Classification Fragments Percent passing sieve number--
Map symbol Liquid |Plasticity
Depth USDA texture >1 3-1 i A
and soil name Unified | AasHTO | (=10 | 310 4 10 40 200 fimit | index
e in Pt Pt Pot
137: N
Hechtman l% 0-1 Moderately decomposed PT A8 0 0 100 100 - - - —
Y plant material
T &373 13 |  Gravelly ioam sc, A4 0 0-8 7677 7576 6168 3845  25.35 6-12
SC-SM
66% 3-11 Very gravelly sandy loam GC-GM, A-24 0 815 57-59 55-57 39-45 26-31 0-32 NP-10
GM
11-16 Extremely gravelly sandy GM, A-1-a, 0 815 26-33 23-31 17-26 9-14 0-31 NP-10
loam GP-GC A-24
16-26 Unweathered bedrock - —_ — - - — — — — —
! S0% Highly decomposed plant PT A8 0 0 100 100 - —- - -
material
55“ Cobbly silt loam CL, A4 0 25-30 80-90 78-89 7289 58-74 21-31 6-12
CL-ML
15-20 Cabbly fine sandy loam SC, A4 0 25-30 80-90 79-89 68-84 40-50 20-31 6-12
SC-sM
20-48 Very cobbly [oam SC, A4 0 3743 69-79 67-79 54-69 3647 20-30 6-12
SC-sSM
R 48-63 Very gravelly fine sandy loam  GC, A-24 0 8-16 49-57 47-55 39-50 22-30 20-30 6-12
S, GC-GM
.y
! S0%
Agneston o 0-3 Moderately decomposed PT A-8 0 0 100 100 -— — — —
ﬁ plant materiat
S‘az 3-1 Cobbly loam CL A6 0 19-23 81-89 76-84 66-79 51-60 28-37 12-17
11-22 Very cobbly clay loam CL, A-6, 0 32-37 69-79 64-74 57-69 44-54 3743 19-22
GC A-7-6
22-31 Very gravelly clay loam GC A-6, 0 15-20 58-70 5365 47-61 37-48 3643 19-22
A-7-6 -
3141 Unweathered bedrock — — - - - - - — — —
USDA Natural Resources

—-'5 Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
Map symbol Liquid |Plasticity
d soi Depth USDA texture > 0 imi i
and soil name Unified | AASHTO ,,,;,25 ,n‘q’,;,le,s 4 10 40 200 fimit | index
n Pct Pet Pet
142: i
Frisco 3% Highly decomposed plant PT A8 0 0 100 100 — - — -
material
S¥% Cobbly siit [oam cL, A4 0 25-30 80-90 79-89 72-89 5874 21-31 6-12
CL-ML
1520  Cobbly fine sandy loam sC, A4 0 25-30 80-90 7989 68-84 40-50 20-31 6-12
SC-SM
2048  Very cobbly loam sC, A4 0 3743 69-79 67-79 54-69 3647 20-30 612
SC-SM
48-63  Verygravelly fine sandyioam  GC, A-24 0 8-16 48-57 47-55 39-50 22-30 20-30 612
GC-GM
22% &
Scout & 3 Moderately decomposed PT A8 0 0 100 100 — - - —
plant material
6% ) Cobbly sandy loam SC-SM, A-24, 0 25-29 71-81 70-80 52-66 3142 0-31 NP-10
SM A4
13-26  Very cobbly sandy loam GC-GM, A-1-b, 0 3340 59-69 57-68 43-56 22-31 0-31 NP-10
GM A24
26-36  Verycobblyfinesandyloam  GC-GM, A-24 0-9 3340 57-61 55-60 50-59 23-30 0-31 NP-10
GM
36-62  Very cobbly sandy loam GC-GM, A-1b; 0-9 3340 57-61 55-60 4047 18-24 0-30 NP-10
GM A-24
153
Mirror /0% @ Very cobbly loam cL, A4, 815 328 7678 7577 €573 5156 2735 612
CL-ML
10-21  Very cobbly loam GC, A-24, 914 3744 54-65 53-64 44-59 3143 22-35 6-12
GC-GM A4
2135 Very cobbly loam GC, A4 9-14 4550 61-74 60-73 51-67 3647 21-33 612
GC-GM

3545 Unweathered bedrock — — —

l_iSDA Natural Resources

[agome B . . Survey Area Version: 2
— Conservation Service

Survey Area Version Date: 08/04/2010 Page 6



Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Caunties

Classification Fragments Percent passing sieve number—
Map symbol . Liquid |Plasticity
d soi Depth USDA texture _ o ;
and sail name Unified | AASHTO | (=10 | 310 4 10 40 200 fimit | index
in Pct Pct Pect
9% Gravelly silt loam ML A4, 0-9 0-9 74-76 73-75 64-72 51-59 29-46 512
A6
‘9 % Very gravelly loam GC, A4, 17-25 17-26 61-71 59-70 49-63 3645 25-35 6-12
GC-GM A6
8-12 Very gravelly sandy loam GCGM, A-24 17-25 17-25 61-71 59-70 43-56 26-35 0-34 NP-10
GM
12-26 Very gravelly sandy loam GC-GM, A-1-b, 26-30 18-26 43-52 41-50 28-38 15-22 0-34 NP-10
GM A-2-4
26-32 Very stony sandy loam SC-sM, A-24 32-38 17-25 65-77 64-76 4559 25-35 0-33 NP-10
SM
32-60 Very stony sandy loam GC-GM, A-1-b, 30-35 17-25 53-65 51-64 38-52 18-29 0-31 NP-10
GM A-24
154:
Mirror / w% Very cobbly loam CL, A4 9-15 32-37 76-78 75-77 65-73 51-56 27-35 6-12
: CL-ML
10-21 Very cabbly loam GC, A-2-4, 9-14 3744 64-65 53-64 4459 3143 22-35 6-12
GC-GM A4
21-35 Very cobbly loam GC, A4 9-14 45-50 61-74 60-73 51-67 36-47 21-33 6-12
GC-GM
35-45 Unweathered bedrock — - -— — - — — — — -
Teewinot / wé @ Very stony sandy loam SC-SM, A-24 32-38 25-32 72-75 70-74 52-60 26-33 0-34 NP-10
SM
7-18 Extremely cobbly sandyloam  GM, A-1-a, 815 44-50 30-41 27-38 20-31 10-16 0-33 NP-10
GW- A-2-4
GC,
GWw-
GM
18-28 Unweathered bedrock — — - - — — — — -— —
USDA Natural Resources Survey Area Version: 2
@l Conservation Service ;

Survey Area Version Date: 08/04/2010 Page7
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Engineering Properties
Rio Grande NF Area, Colorado, Waest Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties
Classification Fragments Percent passing sieve number—
Map symbol Liquid Plasticity
P Depth USDA texture >1 341 imit - i
and scil name Unified | AasHTO | (=20 | 310 4 10 40 200 limi index
In Pct Pt Pct
157;
Quander foo2 Gravelly loam cL, A6, 0-2 815 7280 7179 6070 4355 3345  13-18
SC A-7-6
6-10 Gravelly clay loam GC A-6, 0 8-17 60-66 59-65 52-61 3946 3949 18-22
A-7-6 .
10-20 Very cobbly clay loam GC A6, 0 40-46 66-77 64-76 56-70 41-50 38-47 20-24
A-7-6
20-36 Very cobbly sandy clay loam GC A-2-6 0-9 25-30 52-61 50-60 42-54 26-35 31-39 15-19
36-60 Very cobbly sandy ioam GC, A-24, 04 25-30 43-54 41-52 30-42 19-27 22-31 7-12
GC-GM A-26
160:
Quander 1L00% @ Gravelly loam cL, A6, 0-2 815 72-80 71-79 60-70 43-55 3345 13-18
SC A-7-6
6-10 Gravelly clay loam GC A-6, 0 8-17 60-66 59-65 52-61 3946 3949 18-22
A-7-6
10-20 Very cobbly clay loam GC A-6, 0 4046 66-77 64-76 56-70 41-50 3847 20-24
A-7-6
20-36 Very cobbly sandy clay ioam GC A-2-6 09 25-30 52-61 50-60 42-54 26-35 31-39 15-19
36-60 Very cobbly sandy loam GC, A-2-4, 0-4 25-30 43-54 41-52 3042 19-27 22-31 712
) GC-GM A-2-6
- al W‘
7 Bush Y%
ff‘ Bushvalley . é’ Very cobbly coarse sandy GC, A-2-4, 0-9 30-35 61-71 59-70 3949 27-35 29-38 9-13
% loam sC A-2-6
P el 332 Very cabbly clay foam GC A-27, 813 30-37 51-60 49-59 4254 3141 38-49 19-24
A-7-6
13-23 Unweathered bedrock — - -

USDA Natural Resources
a—' Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties
Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguachs, and San Juan Counties
Classification Fragments Percent passing sieve number--
Map symbol Liquid |Plasticity
; Depth USDA texture i :
d soil . >10 10
and sol name Unified | AasHTo | oo | (310 4 10 4 200 fimit | index
in Pct Pct Pct
161:
Quander /aﬁ,@ Gravelly loam cL, A6, 0-2 815 72-80 71-79 60-70 43-55 3345 13-18
SC A-7-6
6-10 Gravelly clay loam GC A-6, 0 817 60-66 59-65 52-61 3946 3949 18-22
A-7-6
10-20 Very cobbly clay loam GC A6, 0 40-46 66-77 64-78 56-70 41-50 3847 20-24
A-7-8
20-36 Very cobbly sandy clay loam GC A-2-6 09 25-30 52-61 50-60 42-54 26-35 31-39 1519
36-60 Very cabbly sandy loam GC, ' A24, 04 25-30 43-54 41-52 3042 19-27 22-31 7-12
GC-GM  A-2-6
Cryaquolls 1 00% .‘:;) Silt loam ML A6, 0 0 77-90 76-89 71-89 65-82 36-50 12-18
/ A-7-6
6-17 Silty clay loam CL A-7-6 0 0 79-91 78-90 76-90 69-83 39-50 19-22
17-60 Very gravelly sitt loam GC A-2-6, 0 0 4049 3747 3445 3040 32-42 13-18
A-6
Cryoherists 100% Mucky peat PT AB 0 0 100 100 ~ - - ~
38-60 Gravelly loam, loam CL, A4, 0 0-5 70-100 65-95 60-90 45-80 24-41 717
CL-ML, A-6
SC,
SC-SM

162:
Rock outcrop /0% @

Rubble land -

Unweathered bedrock

USDA Natural Resources
>—/ Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

"-7 Conservation Service

Survey Area Version: 2

Survey Area Version Date; 08/04/2010

Classification Fragments Percent passing sieve number--
bol Liquid ici
aﬁ"c?‘éé.y':m Depth USDA texture >10 3-10 ' it Pli?usdhef:ty
Unified | AASHTO | |1 vee | inches 4 10 40 200
in Pct Pct Pct
N Seitz ,?} ,35% -2 Slightly decomposed plant PT A-8 0 0 100 100 - - — —
w - . material
(97”6 o Cobbly loam CL A6 0 15-30 83-93 80-90 65-75 51-54 2942 12-18
7-11 Cobbly loam CL + AB 0 15-30 83-93 80-90 65-75 51-54 2942 12-18
11-19 Very cobbly clay CH A-7-6 0 50-55 85-100 84-100 7795 59-74 51-56 29-32
19-28 Very cobbly clay loam CL A-76 0 42-50 75-87 74-87 66-81 51-62 45-50 25-28
28-42 Very cobbly clay loam GC A-7-6 0 30-42 58-73 §5-70 50-65 40-50 44-50 25-28
42-62 Cobbly clay loam CL, A-6, 0 15-25 71-80 70-80 61-75 45-56 37-45 19-24
LEm GC A-7-6
174:: | 8%
Youga Cabbly loam CL A-6, 0 16-25 83-93 80-90 75-85 55-60 334 13-18
B . A-7-6
o e l ?% 0 Cobbly clay loam CL A-6, 0 15-25 83-93 80-90 75-85 65-70 3949 19-23
A-7-6
10-23 Cobbly clay loam CL A-7-6 0 15-26 83-93 80-90 75-85 65-70 40-48 21-24
23-28 Cobbly sandy loam SC-sM, A4 0 15-25 83-93 80-90 65-70 36-40 0-30 NP-10
SM
28-60 Very gravefly sandy loam GC-GM, A-1-b, 0 0-10 41-54 38-50 3240 18-23 0-30 NP-10
GM A-24
( Gateview m 04 Cobbly loam CL, A4 0 17-25 81-90 80-90 69-84 51-63 25-34 6-10
. CL-ML
LN 23 % (413 Cobbly loam scC, A4 0 17-25 72-82 71-81 60-73 42-53 25-34 6-10
SC-SM
13-16 Extremely cobbly sandy loam GC-GM, A-1-a, 0 40-46 30-38 27-36 20-29 13-19 0-33 NP-10
GM A-2-4
16-24 Extremely cobbly sandy lcam GC-GM, A-1-g, 0 40-46 30-38 27-36 20-29 12-18 0-33 NP-10
GM A-24
24-60 Extremely cobbly sandy loam  GM, A-1-a, 0 46-52 26-36 23-33 18-27 11-17 0-31 NP-10
GP-GM A-24
USDA Natural Resources
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grands, Saguache, and San Juan Counties
Classification Fragments Percent passing sneve number--
Map symbol Liquid  |Plasticity
oil Depth USDA texture >1 1 A N
and soil name Unified | AASHTO | o0 o, 4 10 40 200 limit | index
In Pct Pct Pct
w:
Water Lt - — - — — — — - -

QSDA Natural Resources

X . Survey Area Version: 2
—7 Conservation Service ey

Survey Area Version Date: 08/04/2010 Page 11
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Colorado, Office of the State Engineer, Dam Safety Branch. Prepared by Tierra Grande Intemational, Inc.
Revised May 2008.

Calculation packet tittied “Unit Hydrographs for Continental Reservoir Basin” by Chad Martin on 6/3/10
United States Department of Agriculture (USDA). Geospatial Data Gateway.
<http://datagateway.nrcs.usda.gov/>. 2010.

wn

Excel Worksheet:
N:\Projects\22241248_Santa_Maria_Contine\Sub_00\10.0_Calculations_Analysis_Data\H&H\Continental\

Infiltration_ContinentalJWM_REV xis

GIS File:
N:\Projects\22241248_Santa_Maria_Contine\Sub_00\7.0_CAD_GIS

Continental_Soil .

Analysis:
1. Estimate initial and uniform loss rates for the Continental Dam drainage basin.

Steps 1 & 2: Watershed delineation:
The watershed was delineated as described in the Reference 2 (unit hydrographs calcufation packet). The

watershed is slightly greater than 50 square miles (50.12 sq. mi.).

A detailed soil survey map was obtained from the USDA Data Gateway website (USDA, 2010). Only the first 18
inches of soil was analyzed as suggested on page 51 of the SEO, 2008 guidelines. For soil polygons with more than
one soil type in the first 18 inches, the smallest XKSAT was adopted being the limiting infiltration value during a
extreme storm event. The figure below shows that the watershed is primarily composed of cobbly loams, silt loams,
gravely loams, and a range of decomposed piant material. These areas contain approximately 93% of the
watershed. The remaining approximate 7% the watershed composition contains standing water from the reservoir
and rock outcroppings, which were considered impervious.

Date:; 3/31/2011 Page 2 of 3
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Table 1: Hydraulic Conductivity based on bare ground soil texture (based on Table 10, SEO 2008)
s° i 24 J v

loamy sand and

( sand 1.2 SEO, 2008
. sandy loam 0.4 SEQ, 2008
loam 0.25 SEQ, 2008

silty loam 0.15 SEOQ, 2008

siit 0.1 SEOQ, 2008

sandy clay loam 0.06 SEO, 2008

clay loam 0.04 SEO, 2008
silty clay loam 0.04 SEQ, 2008
sandy clay loam 0.02 SEO, 2008

silty clay loam 0.02 SEQ, 2008

clay 0.01 SEO, 2008

rock outcroppings 0 Assumed

water 0 Assumed

cobbly loam 0.25 Assumed

| _gravelly sandy loam 04 Assumed

peat 12 Assumed

decomposed plants 6 Assumed

Date: 5/28/2010 Page 40f 3
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Steps 4: Adjust XKSAT to estimate CNSTL for vegetation using Figure 8 (SEQ, 2008)

XKSAT is the bare ground hydraulic conductivity and can be adjusted based upon vegetative cover using Figure 8.
This adjustment results is a higher hydraulic conductivity because vegetation increases the infiltration rate over bare
soil. The vegetative cover was assumed to be 40% to 80%. To be conservative, gvegetative cover of 40% was
used on Figure 8, resulting in a ratio gfhydraulic conductivity to XKSAT of 1.33%Therefore, the adjusted hydraulic
conductivity (KSAT) is 0.133 in/hr.

Steps 4: Estimate the surface retention loss (IA) for each sub-basin

Assumed approximately 40 to 80% vegetation cover for all drainage basins. The average basin slope, as calculated
using GIS, is greater than 10% for the majority of all sub-basins. Therefore, a |A value of 0.3 inches for the entire
basin (Table 8, SEQ, 2008).

Table 8

1A as a function of vegetation cover
and average land slope for natural areas
(to be used with the Green and Ampt
infiltration equation for estimating rainfall losses)

Surface Retention Loss (IA), inches

Average % Vegetation Cover
Slope 0-10% 10-40% 40-80% | 80-100%
(1) (2) (3) (4) (5)
0-1% 0.4 0.6 0.8 1.0
1-5% 0.3 0.4 0.6 0.8
5-10% 0.2 0.3 0.4 0.6
>10% 0.1 0.2 0.4

Note: Not to be used in rainfall-runoff modeling with rainfalls
more frequent than 100-year.

Step 5: Based on Table 12 (SEQ, 2008), estimate the initial loss plus uniform loss for each sub-basin
1. Majority of the land within the drainage basin is “Dry” mountainous area; however due to the potential of
snow melt, “Normal” conditions were assumed.
2. Based on Table 12 (SEO, 2008), The Initial Infiltration (ll) was estimated to be 0.3 inches.
3. Estimated the Initial Loss (STRL) as the sum of the |A and Il values (0.3" + 0.3" = 0.6")

Date: 5/28/2010 Page 6 of 3
Form 3-3 (MM)



Table 12
Initial Loss Plus Uniform Loss Rate Parameter Values

for Bare Ground
Uniform Loss Rate, Initial Infiltration, inches
inches/hour It
Dry Normal Saturated
(1) (2) (3) (4)
0.30-1.20 0.6 0.5 0
0.15-0.30 0.5 0.3 0
0.05 - 0.15 o5 | Co3) 0
0.00 - 0.05 0.4 0.2 0
Note:
1. Selection of II:
Dry = Non-irrigated lands, such as mountain, hillslope and rangeland.
Normal = Irrigated lawn, turf, and permanent pasture.
Saturated = Irrigated agricultural land, or fand that can be assumed to
have high soil moisture content due to snowmelt.
Summary of Results
Sub-basin Area (mi2) Uniform Loss Rate (in/hr) Initial Losses (inches)
Continental Watershed 50 013 v~ 06 v~
Date: 5/28/2010 Page 7 0f 3

Form 3-3 (MM)
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Table 8

IA as a function of vegetation cover
and average land slope for natural areas
(to be used with the Green and Ampt
infiltration equation for estimating rainfall losses)

Surface Retention Loss (IA), inches

Average % Vegetation Cover
Slope 0-10% 10-40% 40-80% 80-100%
(1) (2) (3) (4) (5)
0-1% 0.4 0.6 0.8 1.0
1-5% 0.3 0.4 0.6 0.8
5-10% 0.2 0.3 0.4 0.6
>10% 0.1 0.2 0.3 0.4

Note: Not to be used in rainfall-runoff modeling with rainfalls
more frequent than 100-year.

19 March 2007
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Figure 4
Composite values of PSIF and DTHETA as a function of XKSAT
(To be used for Area-Weighted Averaging of Green and Ampt Parameters
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Engineering Properties

Rio Grande NF Arsa, Colorado, West Part, Parts of Archuleta, Consjos, Hinsdale, Mineral, Rio Grands, Saguache, and San Juan Counties

[Absence of an entry indicates that the data were not estimated. This report shows only the major soils in each map unif]

Classification Fragments Percent passing sieve number—
Map symbol Liquid  |Plasticity
nd soil Depth USDA texture >1 1 limit :
and soll name Unified | AASHTO | 10 ,,,thf,’s 4 10 40 200 mit ] index
In Pct Pct Pct
\} /06% Loam ML A8, 0 03 85-04 83-91 72-86 51-63 36-50 117
L A-76
1018  Loam ML A6, 0 012 93-94 91 79-86 58-65 36-50 1117
A-76
18-26  Very cobbly loam CcL, A-B, 0 3743 72-83 67-78 57-71 42-53 3445 15-18
sc AT76
26-37  Very cobbly clay loam cL, A-6, 0 40-46 69-81 64-76 56-71 42-54 38-48 1923
o] AT6
3760  Cobbly sandy clay loam sc A6 0 18-26 75-85 70-80 59-73 37-47 3139 15-18
Claybumn 109%% Loam cL A6 0 0 80-100  80-100 6993  51-71 3142 1348
12-18  Clayloam cL A8, 0 012 94 91 82-84 63-66 38-45 19-21
A-7-6
18-31  Clayloam CL A6, 0 0-12 94 91 81-88 63-69 3747 19-24
A76
3160  Very cobblyloam cL, A6 510 40-46 65-78 62-75 53-69 41-54 29-38 1318
GeC
11 Gimg :
-, ) ) :
Cabin % (,Tr'/, 3 Fine sandy loam CL, A4, 0 0 93-100  93-100 79-93 46-56 26-35 512
’ CLML, A6
%, SC,
SC-SM
3% Fine sandy toam : SC, A4, 0 0 93-100  93-100 78-91 4150 26-35 512
SC-SM A6
12-18  Gravelly sandy clay loam sc A28, 0 7-14 71-79 70-78 56-68 29-35 31-42 1318
A27
18-23 Very cobbly sandy clay lcam SC A-2-8, 0 3547 78-80 77-80 64-71 32-38 30-40 13-18
A6
2360  Extremely gravelly loamy GW-GM A-1-a 0 25-35 25-40 20-30 10-25 5-10 0 NP

sand

QSDA Natural Resources |

gt S R . Survey Area Version: 2
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Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Consjos, Hinsdale,

Engineering Properties

O

Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
M bol . -
anda’;:imame Depth USDA texture >10 310 Llil(r!r‘\’l'td Plifdtleilty
Unified | AASHTO Inches Inches 4 10 40 200
n Pot Pol Pot
116:
Silas 83% 0-5 Silt foam . CL A-6 0 0 100 100 9498 86-90 3342 14-18
] ?‘4 Silt loam CL A6 0 0 100 100 93-97 85-89 33-42 14-18
12-16 Silty clay loam CL A-6, 0 0 81-100 80-100 79-100 71-84 38-47 19-23
A-7-6
16-23 Silty clay loam CL A-6, 0 0 81-100 80-100 78-100 71-93 38-47 19-23
A-7-6
23-27 Silty clay loam CL A-6, 0 0 92-100 91-100 89-100 80-92 38-47 19-23
A-7-6
27-33 Silt loam CL A6 0 0 84-100 83-100 77-96 67-85 33-40 15-18
3347 Clay loam CL A8, 0 0 81-100 80-100 74-97 63-82 3744 19-23
A-7-6
47-60 Very gravelly sandy loam GC-GM, A-1-b, 0 8-16 3845 35-43 25-34 15-20 0-30 NP-10
GM A-24
124:
Cryaquolls /w‘g @ Silt loam ML A-6, 0 0 77-90 76-89 71-89 65-82 36-50 12-18 -
A-7-6
Silty clay loam CL A-7-6 0 0 79-91 78-90 76-90 69-83 39-50 19-22
17-60 Very gravelly sitt loam GC A-2-6, 0 0 40-49 3747 3445 30-40 3242 13-18
A-6
Crycborolls (’71 04 Loam ML A-6, 0 0-3 82-100 81-100 71-92 53-69 37-48 1217
A-7-6 .
4-11 Loam CL A6 0 0-3 82-91 8190 70-82 52-61 3342 14-18
3 -~ % 11-19 Very gravelly clay loam GC A-6, 0 0-15 50-60 4555 40-50 3645 38-49 19-24
A-7-6
19-27 Very cobbly clay loam GC A-6, 0 24-31 56-65 55-64 47-59 36-45 3747 19-24
A-7-6
27-60 Very cobbly sandy clay loam GC A-2-6 0 3040 52-61 50-60 42-55 26-35 31-41 15-21
USDA Natural Resources

— Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties
Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties
Classification Fragments Percent passing sieve number-—-
Map symbol Liquid  }Plasticity
and soil name Depth USDA texture , >10 310 fimit | index
Unified AASHTO Inches Inches 4 10 40 200
A‘“““‘* . in Pct Pct Pct
A25:
4 Cryoboralfs 3375 0-2 Moderately decomposed PT A-8 0 0 100 100 - - — —
;}’ o plant material
% ™ (O ? 2-6 Stony silt loam CL A6, 25-30 0 100 100 93-97 82-86 34-44 15-18
il A6
6-9 Stony clay loam CL A-6, 24-37 0 100 100 90-93 70-73 3845 19-21
A-7-6
9-18 Very stony silty clay ioam CL A-7-6 5153 0 94-100 93-100 88-100 78-91 4049 21-26
18-62 Very stony clay CH, A-7-6 5§5-60 0 84-100 83-100 7797 62-79 47-53 29-32
cL
0-60 Unweathered bedrock - - — -- - — —_— — —— -
QQZ Very stony loam GC A-6 17-25 17-25 67-71 66-70 57-63 4045 30-37 13-17
23% \41 Very gravelly sandy loam GCGM, A-1-b, 8-15 1525 47-54 44-52 3242 20-28 0-31 NP-10
GM A-24
10-17 Extremely cobbly sandy loam GC-GM, A-1-b, 15-25 33-40 3242 3040 22-32 14-21 0-31 NP-10
GM A-24
17-28 Extremely stony sandy loam GC-GM, A-1-a, 3340 46-52 26-36 23-33 16-26 9-16 0-30 NP-10
GM, A-24
GW-GC
28-38 Unweathered bedrock -— - - - — - — — — —
Rock outcrop 0-60 Unwaeathered bedrock -— — - - - - — — - -
128:
Cryohemists 10% Mucky peat PT A8 0 0 100 100 - - — -
38-60 Gravelly ioam, loam CL, A4, 0 0-5 70-100 6595 60-90 45-80 24-41 7-17
CL-ML, A6
SC,
SC-SM
USDA Natural Resources

"_/ Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

O

Engineering Properties

Classification Fragments Percent passing sieve number—
M bol iqui Plasticil
an:‘;:ily':ame Depth USDA texture >10 310 LIII?nUI:d l|ars\demxly
Unified | AASHTO Inches Inches 4 10 40 200
In Pot Pct Pct
128:
Cryaquolls 1 0% Silt loam ML A, 0 0 77-90 76-89 71-89 65-82 3650  12-18
A-7-6
617 Silty clay loam cL A-7-6 0 0 79-91 78-90 76-90 69-83 39-50 19-22
17-60 Very gravelly silt loam GC A-2-5, 0 0 40-49 3747 3445 3040 3242 13-18
A6
129: §
I g
Cryumb%" 5.0% -3 Very cobbly loam GM A-2-4, 015 15-30 55-75 50-70 45-60 30-40 29-45 5-15
3 i A-2-6,
Mot A4
56% 312 Very cobbly loam, very GC, A-2-4, 0-15 15-35 55-75 50-70 45-60 3040 20-33 6-13
cobbly silt loam GC-GM A28,
A4
12-16 Unweathered bedrock - - - - — - — -— - -
Rock outcrop 0-60 Unweathered bedrock - - - - - - - - — —
Rubble land - - - - - - — - — - - -
137
Endlich } 23% 0- Moderately decomposed PT A-8 0 0 100 100 - — - -
S plant material
(gn 29 Cobbiy loam CL, A4 01 18-22 78-86 77-85 64-78 45-56 21-31 6-12
SC,
SC-SM
9-22 Very cobbly sandy loam GC-GM, A-24, 815 30-35 67-76 66-75 51-64 3243 0-31 NP-10
GM, A4
SC-S\M,
SM
22-38 Extremely cobbly sandylicam  GC-GM, A-1-a, 815 65-75 33-52 31-50 2342 12-24 0-30 NP-10
GM A-2-4
38-48 Unweathered bedrock - -

USDA Natural Resources
>—’ Conservation Service

Survey Area Version: 2
Survey Area Version Date: 08/04/2010

Page 4
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
Map symbodl < Liquid |Plasticity
b Depth USDA texture 10 ap :
and soil name Unified | AASHTO In?:h (;s : r?t;:!(e)s 4 10 40 200 limit index
N n Pet Pct Pet
F >
{137 \
% Hechtman Y% 0-1 Moderately decomposed PT A8 0 0 100 100 — - — —
E - plant material
S 0 351 1-3 Gravelly loam Ssc, A4 0 0-8 76-77 75-76 61-68 3845 25-35 612
SC-SM
5‘4% 311 Very gravelly sandy loam GC-GM, A-24 0 8-15 57-59 5557 3945 26-31 0-32 NP-10
GM
11-16  Extremely gravelly sandy GM, A-1-a, 0 8-15 26-33 23-31 17-26 9.14 0-31 NP-10
loam GP-GC A-24
16-26 Unweathered bedrock -— —_ - - - - — — -— -
140: {.‘
Frisco * 0% Highly decomposed plant PT A8 0 0 100 100 - - — —
material
551 Cobbly sift loam cL, A4 0 25-30 80-90 79-89 72-89 58-74 21-31 612
CL-ML
1520 Cobbly fine sandy loam sc, A4 0 2530 80-90 79-89 68-84 40-50 20-31 612
SC-SM
2048 Very cobbly loam sc, A4 0 37-43 69-79 67-79 54-69 3647 20-30 6-12
SC-SM
48-63  Verygravelly finesandyloam GC, ., A-24 0 8-16 49-57 47-55 39-50 22-30 20-30 6-12
R GC-GM
——hs k'
} <5 \
Agneston .- 'Z 0-3 Moderately decomposed PT A-8 0 0 100 100 — — - —
plant material
- =% 31 Cobbly loam cL A6 0 19-23 8189 7684  66-79 5160  28-37 1217
11-22  Very cobbly clay loam cL, A-B, 0 32-37 69-79 64-74 57-69 44.54 3743 19-22
GC A-7-6
22-31  Very gravelly clay loam GC A6, 0 15-20 58-70 53-65 4761 37-48 3643 1922
A7-6 :
3141 Unweathered bedrock — —

USDA Natural Resources
"_> Conservation Service

Survey Area Version: 2
Survey Area Version Date: 08/04/2010
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
M bol I .
an:g:ily':ame Depth USDA texture >10 3410 Llli(r'nulltCI Plﬁ\asduecxlty
Unified | AASHTO | ones | inches 4 10 40 200
In Pt Pct Pct
142 -
Frisco 3% Highly decomposed plant PT A8 0 0 100 100 — — — —
material
% Cobbly silt loam cL, A4 0 25-30 80-90 79-89 72-89 58-74 21-31 6-12
CL-ML
1520  Cobbly fine sandy loam sc, A4 0 25-30 80-90 79-89 68-84 40-50 20-31 6-12
SC-SM
2048 Very cobbly loam Ssc, A4 0 3743 69-79 67-79 54-69 3647 20-30 612
SC-SM
4863  Verygravelly fine sandyloam  GC, A-24 0 816 49-57 47-55 39-50 2230 20-30 6-12
GC-GM
2% S
Scout & 2 Moderately decomposed PT A-8 0 0 100 100 - - - -
plant material
67'4 Cobbly sandy loam SC-SM, A-24, 0 25-29 71-81 70-80 52-68 31-42 0-31 NP-10
SM A4
1326 Very cobbly sandy loam GC-GM, A-1-, 0 3340 59-69 57-68 4356 2231 0-31 NP-10
GM A-2-4
26-36  Verycobblyfinesandyloam  GG-GM, A-2-4 0-9 3340 57-61 5560 50-59 23-30 0-31 NP-10
GM
36-62  Very cobbly sandy loam GC-GM, A-1-b, 0-9 3340 57-61 55-60 4047 18-24 0-30 NP-10
GM A-2-4
153
Miror /CDZ @ Very cobbly loam CL, A4 915 32-37 76-78 75-77 65-73 51-56 27-35 612
CL-ML
10-21  Very cobbly loam GC, A-24, 9-14 3744 54-65 53-64 44.59 3143 22-35 612
GC-GM A4
21-35  Very cobbly loam GC, A4 9-14 4550 61-74 60-73 51-67 3647 21-33 612
GC-GM

35-45 Unweathered bedrock —_ — -— -

USDA Natural Resources

e . R Survey Area Version: 2
— Conservation Service

Survey Area Version Date: 08/04/2010 Page 6



Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
Map symbol Liquid |Plasticity
nd soi Depth USDA texture >10 10 F s
and soi name Unified | AASHTO | o0 ,,?;hes 4 10 40 200 fimit } index
In Pct Pct Pct
D% Gravelly silt loam ML A4, 09 0-9 7476 7375 6472 5159 2946  5.12
A6
S0% Very gravelly lcam Ge, A4, 1725 1725 6171 5970 4963 3645 2535 612
- GC-GM A6
812  Verygravelly sandy loam GC-GM, A-24 1725 1725 6171 5070 4356  26-35 034  NP-10
GM
12-26  Very gravelly sandy loam GC-GM, A-1-b, 2630 1825 4352 4150 2838 1522 034  NP-10
GM A-2-4
26-32  Very stony sandy loam SC-SM, A-24 3238 1725 6577 6476 4550 2535 033  NP-10
SM
32-60  Very stony sandy loam GC-GM, A-1-b, 3035 1725 5365 5164 3852  19.29 031  NP-10
GM A-24
154: .
Mimor /0% Very cobbly loam cL, A4 915 3237 7678 7577 6573 5156 2735 612
CL-ML
1021 Very cobbly loam GC, A-2-4, 9-14 3744 5465 5364 4450 3143 2235 612
GC-GM A4
21-35  Very cobbly loam Gc, A4 814 4550 6174 6073 5167 3647 2133 612
GC-GM ‘
3545  Unweathered bedrock — - — — - — — — — -
Teswinot | et @ Very stony sandy loam SC-SM, A-24 3238 2532 7275 7074 5260 2633 034  NP-10
SM
718 Extremely cobbly sandylam  GM, A-l-a, 815 4450 3041 2738 2031 1016 033  NP-10
GW- A-24 ‘
GC,
GW-
GM
18-28  Unweathered bedrock - — - — — — - - - -
USDA Natural Resources Survey Area Version: 2
—7 Conservation Service ;

Survey Area Version Date: 08/04/2010 Page7
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Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Countles

O

Engineering Properties

Classification Fragments Percent passing sieve number--
Map symbol Liquid  {Plasticity
d scil DBpth USDA texture >10 3 i f
and sofl name Unified | AasHTO | (o0 | 310 4 10 40 200 fimit | index
In Pct Pct Pct
157:
Quander 7, @ Gravelly loam cL, A, 0-2 8-15 7280 7179 60-70 4355 3345 1318
sC A-T6
610  Gravelly clay loam GC A6, 0 8-17 6066 5965 5261 3946 3949 1822
A76
10-20  Very cobbly clay loam GC A, 0 4046  66-77  64-76 56-70  41-50 3847  20-24
AT-6
2036 Verycobblysandyclayloam GG A-2-6 0-9 2530 5261 5060  42-54 2635  31-39 1519
36-60  Very cobbly sandyloam GC, A-2-4, 0-4 2530 4354 4152 3042 1927 2231 7-12
GC-GM  A-2-6
160:
Quander 1002 Gravelly loam cL, A-6, 0-2 815 7280 7179 60-70 43.55 3345  13-18
sC A-76
610  Gravelly clay loam GC A6, 0 817 6066 5965 52-61 39-46 3949 1822
A-7-6
1020 Very cobbly clay loam GC A-6, 0 4046  66-77 6476 56-70  41-50 3847  20.24
A-7-6
20-38  Verycobblysandyclayloam GG A-2-6 0-9 25-30  52-61 50-60 4254 26-35 3139 1519
36-60  Very cobbly sandy loam GC, A-24, 0-4 2530 4354 4152 3042 1927 2231 7-12
- GC-GM  A-26
Rf’ Bustvaley & 6% Very cobbly coarse sandy GC, A-2-4, 0-9 3035 6171 59-70 3949  27-35  29-38 9-13
g A loam SC A-2:6
et 332 Very cobbly clay lcam GC A-2-7, 813 3037 5160 4959 4254 3141 3849 1924
AT
13-23 Unweathered bedrock - -

USDA Natural Resources
'—-‘_,- Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties
Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties
Classification Fragments Percent passing sieve number--
Map symbol Liquid |Plasticity
i Depth USDA texture >1 i i
and soil name Unified | ARSHTO | 10 o 4 10 40 200 limit | index
In Pt Pt Pct
161:
Quander /m‘),@ Gravelly loam CcL, A, 0-2 8-15 72-80 71-79 60-70 4355 3345 13-18
sC A-7-6
610 Gravelly clay loam GC A-6, 0 8-17 60-66 59-65 52-61 3946 30-49 18-22
A-7-6
10-20  Very cobbly clay loam GC A6, 0 40-46 66-77 64-76 56-70 41-50 3847 20-24
A-7-6
20-36  Verycobblysandyclayloam  GC A-2-6 09 25-30 52-61 50-60 42-54 2635 31-39 15-19
36-60  Very cobbly sandy loam GC, A-24, 04 2530 4354 4152 3042 1927 22-31 7-12
GCGM A26
Cryaquolls 1 0% .@) Siit loam ML A-6, 0 0 77-90 76-89 71-89 65-82 36-50 12-18
/ A-7-6
617 Silty clay loam CL A7-6 0 0 79-91 78-90 76-90 69-83 39-50 1922
1760 Very gravelly silt loam GC A28, 0 0 4049 37-47 3445 3040 3242 13-18
A6
Cryohemists 100% Mucky peat PT A8 0 0 100 100 - - — -
38-60  Gravelly loam, loam CL, A4, 0 0-5 70-100 65-95 60-90 45.80 24-41 7-17
CLML, A6
sC,
SC-SM
162 =
&  Rockouterop /0% (o6 Unweathered bedrock - — = - -

Rubble land —

USDA Natural Resources
V ° -
@] Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Rio Grande NF Area, Colorado, West Part, Parts of Archuleta, Consjos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

®

N

Engineering Properties

Classification Fragments Percent passing sieve number--
Map symbol Liquid |jPlasticity
and soil name Depth USDA texture . >10 310 limit | index
Unified | AASHTO [ o | 10 4 10 40 200
In Pct Pct Pct
A3% f62\ sightydecomposedplant  PT A8 0 0 100 100 - - - -
. material
6V o Cobbly lcam cL A6 0 1530 8393 8090 6575 5154 2942 1218
711 Cobblyloam cL A6 0 1530 8393 8090 6575 5154 2942 1248
1119 Very cobbly clay CH AT-6 0 50-55 85100 84100 7795 5074 5156 2032
1928 Very cobbly clay loam cL AT6 0 4250 7587 7487 6681 5162  45.50 2528
2842 Very cobbly clay loam GC A-7-6 0 3042 5873 5570 5065  40-50  44-50 2528
4262  Cobbl claylam cL, A6, 0 1525 7180 7080 6175 4556 3745  19.24
o~ GC AT-6
! Youga 2% Cobbly loam cL A, 0 1525 8393 8090 7585 5560 3344  13-18
';; - z _? % A‘7'6
g/ Cobbly clay loam cL A, 0 1525 8393 8090 7585 6570 3949 1923
A7-6
10-23  Cobbly clay loam cL AT6 0 1525 8393 8090 7585 6570 4048 2124
23-28  Cobbly sandyloam SC-SM, A4 0 15-25  83-93  80-90 6570 3640 030  NP-10
SM
28-60  Very gravelly sandy loam GC-GM, A-1-b, 0 010 4154 3850 3240 1823 030  NP-10
GM A-24
{ Gateview (SM 04\  Cobblyloam cL, A4 0 1725 8190 8090 6984  51-63 2534 610
CL-ML
S 22 % [ 413/  Cobblyloam sC, A4 0 1725 7282 7181 6073 4253 2534 610
SC-SM
1316 Extremelycobblysandyloam  GC-GM, A-1-a, 0 4046 3038 2736 2029 1319 033 NP0
GM A-24 A
16-24  Extremelycobblysandyloam  GC-GM, A-1-a, 0 4046 3038 2736 2029 1218 033  NP-10
GM A-24
2460  Extremely cobblysandyloam  GM, A1, 0 4652 2636 2333 1827 1117 031  NP-10
GP-GM  A24
USDA Natural Resources

'——> Conservation Service

Survey Area Version: 2

Survey Area Version Date: 08/04/2010
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Engineering Properties

Rio Grande NF Area, Colorado, West Part, Parts of Archulsta, Conejos, Hinsdale, Mineral, Rio Grande, Saguache, and San Juan Counties

Classification Fragments Percent passing sieve number--
M: Liquid |Plastici
mﬁéﬂa}'ﬂl Depth USDA texture >10 3-10 i ind;(ny
Unified | AASHTO | | ree | nches 4 10 40 200
In Pct Pct Pct
W:
Water m — -— — — — — — — — —

QSDA Natural Resources

a1 . . Survey Area Version: 2
- Conservation Service

Survey Area Version Date: 08/04/2010 Page 11
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Duration incr. Cum.
(hr) Precip (in) | Precip (in)
N 0 0 0
( 1 3.7 3.7
- 6 3.5 7.2
12 3.8 11.0
18 2.9 13.9
24 1.6 15.5
30 1.0 16.5
36 0.6 17.1
42 0.7 17.8
48 0.4 18.2
54 0.5 18.7
60 0.5 19.2
66 0.6 19.8
72 0.4 20.2

The 5- and 15-min depths were estimated using Colorado’s “Dam Safety Project Review Guide” (1994)

Duration 5 min. 15 min.
Ratio 38% of 15-mjn | 45% of 1-hr ,
Rainfall Depth 63 167 ~
Date: June 3, 2010 Page 4 0of 19

Form 3-3 (MM)






for selected
Table 12.4.~~Percent of 1-hr local-storm FMP for se
durgtion; for 6~/1~br ratio of 1.35 (HMR Ko. 49)

Duration (br)

Percent of 1 bhr

174 -68
1/2 86
3/4 94
1 1.00
2 1.16
3 1.23
4 1.28
5 1.32
6 1.35

Step #5: Areal reduction factors for each duration of the local storm were estimated using Figure 12.12 (attached)

based upon the watershed area.

Step #6: The Areal reduction factors (from Step #5) were multiplied by the depth duration amounts for each duration
(from Step #4) to estimate the final PMP values. A summary table of the final local storm PMP estimates is shown in
the table below and presented in the graph below.

Date: June 3, 2010

Duration (hr) Cum PMP (in)
0 0
0.25 1.7
0.50 2.5
0.75 2.9
1 3.3
2 4.1
3 4.5
4 4.8
5 5.1
6 5.3

Page 60of 19
Form 3-3 (MM)
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DAM . SAFETY |
PROJECT REVIEW GUIDE

[WEB PAGE VERSION]

September 23, 1994
(Third Revision June/1/2000)
(SUPERSEDES "Project Review Guide," Revised May 16, 1996)

This Guide is Subject to Change.
Prior to beginning a new project, call the office of the State
Engineer for status of updates. ’

303-866-3581

Dam Safety Branch
Division of Water Resources:
Office of the State Engineer

Department of Natural ‘Resources

Denver, - Colorado
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Purpose:
Estimate the 100-year precipitation for Continental Reservoir using NOAA Atlas 2.

References:
National Oceanic and Atmospheric Administration (NOAA). Precipitation-Frequency Atlas of the Westem United
States, Volume Ill - Colorado. United States Department of Commerce, National Weather Service. Silver

Springs, Md. 1973.

National Oceanic and Atmospheric Administration (NOAA). NOAA Atlas 2 Precipitation Frequency Estimates in GIS
Compatible Formats, Precipitation Frequency Estimates at a Point. . Hydrometeorological Design Studies
Center. <http:/www.nws.noaa.gov/ohd/hdsc/noaaatlas2.htm>. June 7, 2010

iTouchMaps.com. Latitude and Longitude of a Point. Copyright 2007-2010. <http://www.itouchmap.com/ationg.htmi>
June 7, 2010.

Procedure:

Step 1: Determine the location of the watershed centroid

Step 2: Estimate the 6- and 24-hour precipitation depths for the 100-year storm using NOAA Atlas 2
Step 3: Estimate the 1-hour precipitation depth using Table 11

Step 4: Estimate the percent of point precipitation (areal reduction)

Step 5: Estimate the 2- and 3-hour precipitation depths using Equations 5 and 6, respectively

Step 6: Estimate the 12-hour precipitation depth using Figure 17

Step 7: Estimate the 5- and 15-minutes precipitation depths using Table 12

Step 8: Summary of Results

Step 1: Determine the location of the watershed centroid

The longitude and latitude of the watershed centroid was estimated using iTouchMap.com, as shown in the figure
below. The approximate longitude and latitude of the watershed centroid is:

Longitude = 37.866858
» [Latitude =-107.276859

Refer to the maps below for the watershed centroid location.

Date: June 7, 2010 Page20f6
Form 3-3 (MM)









Step 5: Estimate the 2- and 3-hour precipitation depths using Equations 5 and 6, respectively

The 2- and 3-hour precipitation depths were estimated using Equations 5 and 6 for Region 2 (attached), as shown
below: _

C ' ' Py = 0'341(})6hr )+ 0-659(1)111’ )
Py, =0.569(Fy, )+0.431(F,,)

Where: Pur=1.46in
Pshr = 2.1 6 in !

P, =0.341(2.16)+0.659(1.46) =1.70in /
P, =0.569(2.16)+0.431(1.46) =1.86in

Step 6: Estimate the 12-hour precipitation depth using Figure 17

The 12-hour precipitation depth was estimated using the 6- and 24-hour depths on Figure 17 (attached). The
precipitation depth was estimated to be 2.65 in.

Step 7: Estimate the 5- and 15-minutes precipitation depths using Table 12 of NOAA Atlas 2

Table 12 of NOAA Atlas 2 is attached. The 5- and 15-minute precipitation depths are calculated as ratios of the 1-
hour depth. The results are presented in the table below:

Duration Ratio of the 1-hour depth | Precipitation Depth /
5-minute 0.29 0.29x 1.46" =042
15-minute 057 0.57 x 1.46" = 0.83" /

C

Step 8: Summary of Resuits

Depth
Duration (in)
5-min 042
15-min 0.83
1-hr 1.46
2-hr 1.70
3-hr 1.86
6-hr 2.16
12-hr 2.65
24-hr 3.14
Date: June 7, 2010 Page 50f 6

Form 3-3 (MM)
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Appendix D
Unit Hydrograph Galculations
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Office of the State Engineer
Dam Safety Branch

HYDROLOGIC BASIN RESPONSE

PARAMETER ESTIMATION GUIDELINES

Tierra Grande International, Inc
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Revised May 2008

Date: June 3, 2010
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Table 1
Assumptions Used to Convert Stage to Elevation

Stage Elev.* Location
0.0 | 10203.3" Invert of Low Level outlet Works
76.7 | 10280.07 Spillway Crest
86.7 | 10290.0? Dam Crest

) Sheet 4 of Reference 1)
D Sheet 3 of Reference 1)
* Unspecified Vertical Datum

It was assumed that the relative elevations indicated in Table 1 were correct and could be
correlated to the stage-storage relationship. The maximum stage of the stage-storage
relationship, received from Mr. Gavin on 11/15/2010, was 81.8 ft leaving a data gap in
the upper 4.9 ft below the dam crest. It was assumed that a linear extrapolation would
suffice for the elevation-storage relationship for this upper portion of the reservoir.

Table 2 shows the adopted elevation-storage-discharge relationship including the USACE
1978 spillway discharge rating curve and overtopping dam flow. The elevations were
approximately 1 foot below the report values used in the development of the spillway
stage-storage curve. All flows were shifted 1 foot higher to account for the spillway
elevation of 10,280 ft. Figure 1 shows the graphical stage-storage relationship with linear
extrapolated storage past elevation 10,285 used in the original Hydrology Report. Figure
1 shows the graphical elevation-discharge relationship adopted from the USACE, 1978
Phase 1 Report. Storages above elevation 10,285 ft were linear extrapolated based on the
previous two points on the curve. All low level outlet works were considered negligible
during these extreme precipitation events.

It was assumed that the dam embankment would overtop during the General or Local
HRM storms. Elevations-discharge relationships above the dam crest (10,290 ft) were
treated as broad crested weir and added to the extrapolated spillway flows. A dam crest
length of 310 feet and assumed weir coefficient of 2.65 were used to calculate increase
stage-storage-discharge curve extents an additional 4 feet above the dam crest. Table 3
shows the total stage-storage-discharge relationship, including flow over the dam crest.
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Appendix F
HEC-HMS Model Screen Captures




























C

an initial loss of 0.6 inches. A basin impervious percentage of 6.5 % was input based on the combined
water surface area of Continental Reservoir and rock outcroppings stated in Reference 2).

Rainfall

Cumulative storm hyetographs were input into HMS (refer to Reference 3). A total of 7 different storms
were modeled; 4 General Storms and 3 Local Storms. The hyetographs were each entered as a
precipitation gage with the time interval identical to the EPAT output.

Reservoir Routing

Reservoir routing was performed using the “Outflow Curve” method. This method requires an elevation-
storage relationship and a storage-discharge relationship (refer to Reference 4 for these relationships). The
initial reservoir water surface elevation was assumed to be at the spillway crest, elevation 10,280.
Discharge through the low level outlet works was not modeled.

Date: April, 1, 2011 Page 30f 13
Form 3-3 (MM)



Control Specifications

Seven (7) different model runs were created and each with a name corresponding to the EPAT storm. All
model runs were run at 1-minute time intervals.

Results

The results are summarized in Table 1 on the next page. None of the seven model runs resulted in
overtopping of Continental Dam. The maximum peak reservoir water surface elevation was 10,285.3 t for
the Saguache local storm event. The peak inflow for this storm was 27,087 cfs with a peak outfiow of 3,729
cfs. The general storm events had rainfall intensities that were mainly less than the constant infiltration rate
of 0.13 inches per hour, which resulted i little runoff volumes.

Date: April, 1, 2011 Page 4 of 14
Form 3-3 (MM)



Table 1
Continental Reservoir
HEC-HMS v 3.3 Model Results
Rainfall Runoff Routing
Peak
Model Run Total Total Total inflow Peak Peak
(corresponds to EPAT Storm) S.:orm Rainfall Loss Excess D‘z:::;’ n Volume Inflow Outflow Slt-t;?ge
ype (inches) | (inches) | (inches) (ac-t) (cfs) (cfs) (ft)
Palisade Lake 6.89 5.62 1.27 84 3,049 2,019 949 10,281.6
SW CO / Wolf Creek General 6.68 6.08 0.6 72 1,598 492 355 10,280.7
San Juan/Gladstone/Siiverton Storm 494 2.75 2.19 33 5,836 3,572 2,260 10,283.1
SW CO / Durango 4.90 3.81 1.09 98 2,804 1,775 839 10,281.4
Saguache Local 2.88 0.72 2.16 2.58 5,626 27,087 3,729 10,285.3
Placerville s&c:n 2.82 0.91 2.11 1.58 5512 | 24,908 | 3,686 | 10,285.2
Dallas Creek - West Side of Divide 2.68 0.71 1.97 1.83 5,146 22,920 3,557 10,284.8

Notes: -

* Initial reservoir water surface Elev. set to spillway crest - Elev. 10,280 ft.

e Dam Crest Elev. = 10,290 ft.

Date: April, 1, 2011

Page 50f 14
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3.9.1.3.3 New Small, Significant Hazard dams and enlargements shall have spillways
capable of passing, as a minimum, the inflow design flood generated by 50 percent of
the Extreme Storm Precipitation (ESP). unless an Incremental Damage Analysis
(IDA) demonstrates a lesser inflow design flood is applicable.

5.9.1.3.4 New Minor, Significant Hazard plus new Large and Small, Low Hazard
dams and enlargements shall have spillways capable of passing, as a minimom, the
inflow design flood generated by a 24-hour, 100-year rainstorm event.

5.9.1.3.5 New Minor, Low Hazard dams and new Large, NPH Dams and
enlargements shall have spillways capable of passing the inflow design flood
generated by a 24-hour, 50-year rainstorm event.

5.9.1.3.6 New Small and Minor NPH dams and enlargements shall have spillways
capable of passing the Inflow Design Flood (IDF) generated by a 24-hour, 25 year
rainstorm event.

3.9.1.3.7 The minimum size spillway for all High Hazard, Significant Hazard, and
Large and Small, Low Hazard jurisdictional size dams for which an IDA shows a
smalier spillway is justifiable under Rule 5.9.7.1 shall be capable of passing the
inflow design flood generated by a 24-hour, 100-vear rainstorm event. For all other
junisdictional size dams, the minimum size spillway shall be capable of passing the
IDF generated by the appropriate rainstorm event presented in the above table.

1.9.1.4 Hydrometeorological Report PMP - The Inflow Design Flood (IDF) requirements
‘or determining the spillway capacity may be developed through the use of the most
:urreat Probable Maximum Precipitation (PMF) estimates from the Office of Hydrology,
Jational Weather Service, NOAA Hydrometeorological Report Series. The PMP values
ire normally determined from the appropriate Hydrometeorological Report (HMR).
~urrently, HMR 52 and 55A are applicable for drainage basin located to the east of the
continental Divide and HMR 49 for drainage basin west of the Continental Divide. The
DF requirements for determining the spillway capacity using the appropriate HMR are
xummarized in Table 5.2:

TABLE 5.2

INFLOW DESIGN FLOOD REQUIREMENTS
USING HYDROMETEOROLOGICAL REPORTS (HMR)

DAM SIZE HAZARD CLASSIFICATION
High Significant Low NPH
Large 0.90 PMP 0.68 PMP 100 YR S50 YR
Small 0.90 PMP 045 PMP 100 YR 23YR
Minor 0.45 PMP 100 YR S0 YR 25YR
19

Date: June 3, 2010

Page 100of 10
Form 3-3 (MM)
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HEC-HMS Electronic Files





