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Four Corners Power Plant
Lined Decant Water Pond
Periodic Inflow Design Flood Control System Plan

1. Introduction

This Periodic Inflow Design Flood Control System Plan for the Lined Decant Water Pond at Four
Corners Power Plant, operated by Arizona Public Service (APS), has been prepared in
accordance with the requirements of Title 40 of the Code of Federal Regulations Part 257 (40
CFR 257) (“the Coal Combustion Residuals [CCR] Rule”, or “the Rule”) and the specific
requirement of 40 CFR § 257.82(c)(4) that “(t)he owner or operator of the CCR unit must
prepare periodic inflow design flood control system plans required by paragraph (c)(1) of this
section every five years.”

2. Methodology

The methodology used to prepare this 2021 Periodic Inflow Design Flood Control System Plan
for the Lined Decant Water Pond (LDWP) at the Four Corners Power Plant is for the certifying
Qualified Professional Engineer (QPE) to:

Identify and review the hydrologic design basis references used for the 2016 Plan and verify
applicability for use in 2021.

a. Perform a documented review of each major component of the contributing technical
information from:

i. AECOM, 2016, Four Corners Power Plant, Lined Decant Water Pond, Inflow
Design Flood Control System Plan, FC_InflowFlood_009_ 20161017, August 31,
2016, (hereafter referred to as the “2016 Plan” and incorporated and referenced
directly as Attachment A to this document).

b. Consider and document whether the 2016 Plan and its conclusions:
i. Meet the current reporting requirements of the Rule;

ii. Reflect the current condition of the structure, as known to the QPE and
documented in the annual inspections;

iii. Are compromised by any identified issues of concern; and

iv. Are consistent with the standard of care of professionals performing similar
evaluations in this region of the country; and

c. lIdentify any additional analyses, investigations, inspections, and/or repairs that should
be completed in order to complete this 2021 Recertification.

This plan documents the results of these considerations, incorporates the 2016 Plan as an
Appendix, identifies any additional technical investigation or evaluations (if needed), and
presents an updated certification by the QPE.

AECOM



Four Corners Power Plant
Lined Decant Water Pond
Periodic Inflow Design Flood Control System Plan

3. Applicability of 2016 Plan Hydrologic Design Basis

In 2016, the LDWP was an active pond, receiving gravity flow of decant water from Flue Gas
Desulfurization (FGD) slurries discharged to the Lined Ash Impoundment (LAI). The LDWP also
received several other minor discharges. In April 2021, APS published a notice of intent to close
the LDWP and the LAl and to cease external discharge to both. Continued flow from the LAl to
the LDWP is permitted after the notice of cessation of discharge because they have been
operated as a contiguous CCR multi-unit.

The gravity flows from the LAl decant system decreased after April 2021. Significant flow
typically now occur only when APS pumps water from the LAl free water pond, in the southwest
corner of the LAI, to the decant tower to allow it to drain to the LDWP. As a result, the water
level in the LDWP is significantly lowered and, at times, does not cover the high end of the
sloped pond bottom. The current “normal” operating level of the LDWP is approximately 5207
feet (NGVD29), one foot higher than the high end of the bottom, or 2.9 feet lower than the
NMOSE-permitted Maximum Operating Storage Level of 5209.9 feet (NGVDZ29).

In 2016, and in 2021, studies have assigned the Significant Hazard Potential classification to the
LDWP. 40 CFR §257.82(a)(3)(ii) requires that, for a Significant Hazard Potential CCR surface
impoundment, the Inflow Design Flood (IDF) is the 1,000-year flood.

In 2016, APS elected to demonstrate capacity to store and/or pass the IDF by presenting
similar, earlier calculations of a 72-hour PMP flood storage/routing through the LAI to the LDWP.
The 72-hour PMP was estimated to have a precipitation depth of 10.9 inches, which is
significantly greater than the precipitation estimate for the 1000-year flood event (“less than 4
inches”). The LAl and LDWP are both formed by perimeter embankments and therefore receive
runoff only from direct precipitation, although the LAl may drain to the LDWP by the gravity
decant tower. The 2016 hydrologic design basis requires that the LDWP be able to store the IDF
on the LDWP and drained from the LAl because the outlet from the LAl to the LDWP is ungated.

Although for the 2021 Periodic Inflow Design Flood Control System Plan for the LAI, APS
elected to provide a new calculation to demonstrate capacity of the LAl itself to store the 1,000-
year flood IDF, the LDWP in 2021 retains the capacity to store the 72-hour PMP volumes from
both the LAl and the LDWP, so the demonstration in the 2016 Plan for LDWP remains valid and
does not require an update.

Therefore, this section of the 2016 Plan adequately represents current conditions and satisfies
the requirements of the Rule.

4. 2016 Plan — Review by Section

Other than as described in the remainder of this section, the details presented in this section of
the 2016 Plan adequately represent current conditions and satisfy the requirements of the Rule.
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41 “§257.82 Hydrologic and Hydraulic capacity requirements
for CCR surface impoundments”

The details presented in this section of the 2016 Plan accurately describe the requirements of
the Rule.

4.2 “Overview”

In April 2021, APS ceased discharges to the LAl and LDWP combined CCR multi-unit. APS
intends to close the LDWP by dewatering and then “closure in place” with an evapotranspiration
soil cover, within the time frames allowed by the Rule for a surface impoundment of this size.

The details presented in this section of the 2016 Plan adequately represent current conditions
and satisfy the requirements of the Rule.

4.3 “§257.82 (a)(1)(2)(3) Hydrologic and Hydraulic capacity
requirements for CCR surface impoundments”

A separate 2021 Periodic Hazard Potential Study confirms the assignment of the Significant
Hazard Potential classification to the LDWP. Therefore, this aspect of the 2016 Plan adequately
represents current conditions and satisfies the requirements of the Rule.

The details presented in this section of the 2016 Plan adequately represent current conditions
and satisfy the requirements of the Rule.

4.4 “§257.82 (b) Hydrologic and Hydraulic capacity
requirements for CCR surface impoundments”

The details presented in this section of the 2016 Plan adequately represent current conditions
and satisfy the requirements of the Rule.

4.5 “§257.82 (c)(1)(2)(3)(4)(5) Hydrologic and Hydraulic
capacity requirements for CCR surface impoundments”

The owner or operator continues to acknowledge and will comply with these requirements.

Per the requirement of §257.82 (c)(4), this document constitutes the “every five years” Periodic
Inflow Design Flood Control System Plan.

A certification of this Periodic Inflow Design Flood Control System Plan by a QPE is included in
this document per the requirement of §257.82(c)(5).

4.6 “§257.82 (d) Hydrologic and Hydraulic capacity
requirements for CCR surface impoundments”

The owner or operator continues to acknowledge and will comply with these requirements.
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5. Recommended Additional Technical Investigations
or Evaluations

None identified and none recommended.

6. Conclusion

The 2016 Plan and its conclusions, as amended by the analyses presented in this 5-Year
periodic revision, meet the current reporting requirements of the Rule, reflect the current
condition of the structure as known to the QPE and documented in the annual inspections, are
not compromised by any identified issues of concern, and are consistent with the standard of
care of professionals performing similar evaluations in this region of the country.

7. Limitations

This document is for the sole use of APS on this project only and is not to be used for other
projects. In the event that conclusions based upon the data presented in this document are
made by others, such conclusions are the responsibility of others.

The Periodic Inflow Design Flood Control System Plan presented in this report is based on the
2016 Plan and relies and incorporates any Limitations expressed in that document.

The Certification of Professional Opinion in this report is limited to the information available to
AECOM at the time this Assessment was performed in accordance with current practice and the
standard of care. Standard of care is defined as the ordinary diligence exercised by fellow
practitioners in this area performing the same services under similar circumstances during the
same period. Professional judgments presented herein are primarily based on information from
previous reports that have been assumed to be accurate, knowledge of the site, and partly on
our general experience with dam safety evaluations performed on other dams.

No warranty or guarantee, either written or implied, is applicable to this work. The use of the
word “certification” and/or “certify” in this document shall be interpreted and construed as a

Statement of Professional Opinion and is not and shall not be interpreted or construed as a

guarantee, warranty, or legal opinion.

AECOM
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8. Certification Statement

Certification Statement for:

e Certification Statement 40 CFR § 257.82(c)(5) — Periodic Inflow Design Flood Control
System Plan for an Existing CCR Surface Impoundment.

e CCR Unit: Arizona Public Service; Four Corners Power Plant; Lined Decant Water Pond

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State
of New Mexico, do hereby certify, to the best of my knowledge, information, and belief, that the
information contained in this certification has been prepared in accordance with the accepted
practice of engineering. | certify, for the above-referenced CCR Unit, that the information
contained in this Periodic Inflow Design Flood Control System Plan dated October 2021,
including the technical content in Attachments A, meets the requirements of 40 CFR § 257.81.

Alexander W. Gourlay, P.E.
Printed Name

October 11, 2021
Date

Attachment A:

AECOM, 2016, Four Corners Power Plant, Lined Decant Water Pond, Inflow Design
Flood Control System Plan, FC_InflowFlood_009 20161017, August 31, 2016.

AECOM



ATTACHMENT A
AECOM, 2016, Four Corners Power Plant, Lined Decant Water Pond,
Inflow Design Flood Control System Plan,
FC_InflowFlood_009 20161017, August 31, 2016.



FOUR CORNERS POWER PLANT
LINED DECANT WATER POND
INFLOW DESIGN FLOOD CONTROL SYSTEM PLAN
FC_InflowFlood_009_20161017

This Inflow Design Flood Control System Plan (Plan) document has been prepared specifically for the
Lined Decant Water Pond (LDWP) at the Four Corners Power Plant. This Plan has been prepared in
accordance with our understanding of the requirements prescribed in §257.82 of the Federal Register,
Volume 80, Number 74, dated April 17, 2015 (U. S. Government, 2015) for hydrologic and hydraulic
capacity requirements for CCR surface impoundments associated with existing Coal Combustion
Residual (CCR) surface impoundments. Section §257.82 is reproduced below for reference purposes.

This document serves as the initial plan described in §257.82.

The LDWP is an existing CCR surface impoundment facility that has evolved over time. Calculations
prepared previously in support of the facility operation have been referenced and reproduced herein to

address the requirements listed.

§257.82 Hydrologic and Hydraulic capacity requirements for CCR surface impoundments

(a) The owner or operator of an existing or new CCR surface impoundment or any lateral expansion of a
CCR surface impoundment must design, construct, operate, and maintain an inflow design flood control

system as specified in paragraphs (a)(1) and (2) of this section.

(1) The inflow design flood control system must adequately manage flow into the CCR unit during and

following the peak discharge of the inflow design flood specified in paragraph (a)(3) of this section.

(2) The inflow design flood control system must adequately manage flow from the CCR unit to collect
and control the peak discharge resulting from the inflow design flood specified in paragraph (a)(3) of this

section.
(3) The inflow design flood is:

(i) For a high hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or
§257.74(a)(2), the probable maximum flood;

(ii) For a significant hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or
§257.74(a)(2) , the 1,000-year flood;

(iii) For a low hazard potential CCR surface impoundment, as determined under §257.73(a)(2) or
§257.74(a)(2), the 100-year flood; or

(iv) For an incised CCR surface impoundment, the 25-year flood.

(b) Discharge from the CCR unit must be handled in accordance with the surface water requirements
under §257.3-3.

(c) Inflow design flood control system plan —

(1) Content of the Plan. The owner or operator must prepare initial and periodic inflow design flood
control system plans for the CCR unit according to the timeframes specified in paragraphs (c)(3) and (4)

of this section. These plans must document how the inflow design flood control system has been
1



designed and constructed to meet the requirements of this section. Each plan must be supported by
appropriate engineering calculations. The owner or operator of the CCR unit has completed the inflow
design flood control system plan when the plan has been placed in the facility’s operating record as
required by §257.105(g)(4).

(2) Amendment of the Plan. The owner or operator of the CCR unit may amend the written inflow design
flood control system plan at any time provided the revised plan is placed in the facility’s operating
record as required by §257.105(g)(4). The owner or operator must amend the written inflow design
flood control system plan whenever there is a change in conditions that would substantially affect the

written plan in effect.
(3) Timeframes for preparing the initial plan -

(i) Existing CCR surface impoundments. The owner or operator must prepare the initial inflow design

flood control system plan no later than October 17, 2016.

(i) New CCR surface impoundments and any lateral expansion of a CCR surface impoundment. The
owner of operator must prepare the initial inflow design flood control system plan no later than the
date of initial receipt of CCR in the CCR unit.

(4) Frequency for revising the plan. The owner or operator must prepare periodic inflow design flood
control system plans required by paragraph (c)(1) of this section every five years. The date of completing
the initial plan is the basis for establishing the deadline to complete the first periodic plan. The owner or
operator may complete any required plan prior to the required deadline provided the owner or operator
places the completed plan into the facility’s operating record within a reasonable amount of time. In all
cases, the deadline for completing a subsequent plan is based on the date of completing the previous
plan. For purposes of this paragraph (c)(4), the owner or operator has completed an inflow design flood
control system plan when the plan has been placed in the facility’s operating record as required by
§257.105(g)(4).

(5) The owner or operator must obtain a certification from a qualified engineer stating that the initial

and periodic inflow design flood control system plans meet the requirements of this section.

(d) The owner or operator of the CCR unit must comply with the record keeping requirements specified
in §257.105(g), the notification requirements specified in §257.106(g), and the internet requirements
specified in §257.107(g).



SITE INFORMATION

Site Name / Address Four Corners Power Plant / 691 CR-6100, Fruitland,
NM 85416

Owner Name / Address Arizona Public Service / 400 North 5 Street,
Phoenix, AZ 85004

CCR Unit Lined Decant Water Pond (LDWP)

OVERVIEW

The Lined Decant Water Pond (LDWP) located at the Four Corners Power Plant (FCPP) is an existing
jurisdictional dam structure/impoundment with a significant hazard classification. The LDWP is located
adjacent to and downstream of the Lined Ash Impoundment (LAI) at the FCPP. The contributing
watershed to the LDWP is limited to the surface area and direct precipitation associated with the
impoundment and the upstream LAI. The LDWP provides sufficient capacity to accommodate the storm
water runoff volume produced within its watershed and the upstream LAI. The LDWP does not receive
runoff from any other upstream tributary basins.

This Inflow Design Flood Control System Plan describes the contributing runoff volumes and storage
capacities estimated previously as part of the initial design of the LDWP and subsequent expansion
designs for the upstream LAI. The LDWP has been classified as a significant hazard dam which is required
to accommodate the 1,000-year inflow. The LDWP provides sufficient storage volume to accommodate
the 72-hour Probable Maximum Precipitation (PMP) runoff volume of 173 acre-feet from the LAl and

LDWP watersheds, which exceeds the 1,000 year inflow requirement.
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LINED DECANT WATER POND (LDWF)
[s g .

Exhibit 1 — Lined Decant Water Pond (LDWP) at Four Corners Power Plant Facility



§257.82 (a)(1)(2)(3) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments

(a) The owner or operator of an existing or new
CCR surface impoundment or any lateral
expansion of a CCR surface impoundment must
design, construct, operate, and maintain an inflow
design flood control system as specified in
paragraphs (a)(1) and (2) of this section.

(1) The inflow design flood control system must
adequately manage flow into the CCR unit during
and following the peak discharge of the inflow
design flood specified in paragraph (a)(3) of this

section.

The LDWP receives stormwater runoff from direct
precipitation and discharge from the LAl through a
decant tower located within the LAIL The only
tributary area that contributes directly to the
LDWP is the face of the West Embankment of the
LAI.

For purposes of design, the LAl freeboard can
accommodate runoff to the LAl from the design
storm without discharge in the event that the
decant tower inlet became blocked. Equivalently,
the LDWP can accommodate all of the runoff from
the design storm for both the LAl and the LDWP.

The LDWP has a significant hazard classification
which requires accommodation of the 1,000-year
flood event inflow runoff volume which is based
on a precipitation depth of less than 3.4 inches.
The runoff volume based on a 72-hour Probable
Maximum Precipitation (PMP) Event exceeds the
runoff volume based on a 1,000 year flood event
runoff volume since precipitation depths are 10.9
inches for the PMP flood event. The 72-hour PMP
storm water runoff volume produced from the
55.4 acre LDWP watershed is estimated to be 50-
acre-feet. The 72-hour PMP storm water runoff
volume produced from the upstream 135.9 acre
LAl watershed is estimated to be 123 acre-feet as
shown in Figure 1 of the Hydrology Analysis, Lined
Ash Impoundment, Four Corners Power Plant,
prepared by URS Corporation in October 2011
(URS 2011). A total PMP storm water runoff
volume of 173 acre-feet therefore collects in the
LDWP.

The maximum operating water surface level within
the LDWP is at elevation 5209.9 feet. The LDWP
accommodates the combined 173 acre-feet runoff

volume in the impoundment above the maximum




operating water surface elevation to elevation
5214 feet. A freeboard depth of 2.0 feet is
provided below the LDWP embankment elevation
of 5216 feet.

The LDWP therefore meets the requirement to
accommodate the 1,000 year inflow runoff

volume.

(a) The owner or operator of an existing or new
CCR surface impoundment or any lateral
expansion of a CCR surface impoundment must
design, construct, operate, and maintain an inflow
design flood control system as specified in

paragraphs (a)(1) and (2) of this section.

(2) The inflow design flood control system must
adequately manage flow from the CCR unit to
collect and control the peak discharge resulting
from the inflow design flood specified in paragraph
(a)(3) of this section.

The 72-hour PMP (10.9 inch precipitation depth)
storm water runoff volume produced from
watersheds encompassing the LAl and LDWP as
shown on Figure 1 of Hydrology Analysis, Lined
Ash Impoundment, Four Corners Power Plant
(URS 2011) is estimated to be 173 acre-feet. The
LDWP accommodates this 173 acre-feet runoff
volume in the impoundment at a water surface
elevation of 5214 feet below the LDWP crest
elevation of 5216 feet. The LDWP is intended for
use as an impoundment with no external drainage

area or spillway.

(a)(3) The inflow design flood is:

(i) For a high hazard potential CCR surface
impoundment, as determined under §257.73(a)(2)
or §257.74(a)(2), the probable maximum flood;

(ii) For a significant hazard potential CCR surface
impoundment, as determined under §257.73(a)(2)
or §257.74(a)(2) , the 1,000-year flood;

(iii) For a low hazard potential CCR surface
impoundment, as determined under §257.73(a)(2)
or §257.74(a)(2), the 100-year flood; or

(iv) For an incised CCR surface impoundment, the

25-year flood.

The hazard classification for the LDWP is
significant based on the Final Summary Report
Structural Integrity Assessment, Lined Decant
Water Pond, Four Corners Power Plant, prepared
by AECOM in August 2016 (AECOM 2016).




§257.82 (b) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments

(b) Discharge from the CCR unit must be handled
in accordance with the surface water

requirements under §257.3-3.

The LDWP is intended for use as an impoundment
with no external drainage area or spillway. The
discharge is handled in accordance with the
surface water requirements under §257.3-3.
Stormwater collected in the LDWP is pumped to
the plant to be used as process water.

§257.82 (c)(1)(2)(3)(4)(5) Hydrologic and Hydraulic capacity requirements for CCR surface

impoundments

(c)(1) Content of the plan. The owner or operator
must prepare initial and periodic inflow design
flood control system plans for the CCR unit
according to the timeframes specified in

paragraphs (c)(3) and (4) of this section.

This Inflow Design Flood Control Plan serves as the

initial plan prescribed herein.

(c)(2) Amendment of the Plan. The owner or
operator of the CCR unit may amend the written
inflow design flood control system plan at any time
provided the revised plan is placed in the facility’s
operating record as required by §257.105(g)(4).
The owner or operator must amend the written
inflow design flood control system plan whenever
there is a change in conditions that would
substantially affect the written plan in effect.

The owner or operator acknowledges and will

comply with this requirement.

(c)(3) Timeframes for preparing the initial plan —

(i) Existing CCR impoundments. The owner or
operator must prepare the initial inflow design
flood control system plan no later than October
17, 2016.

(ii) New CCR surface impoundments and any
lateral expansion of a CCR surface impoundment.
The owner or operator must prepare the initial
inflow design flood control system plan no later
than the date of initial receipt of CCR in the CCR
Unit

The LDWP is an existing CCR impoundment at Four
Corners Power Plant. The inflow design flood

control system plan is included herein.

The owner or operator acknowledges and will

comply with this requirement.




(c)(4) Frequency for revising the plan. The owner or
operator must prepare periodic inflow design
flood control system plans required by paragraph
(c)(1) of this section every five years. The date of
completing the initial plan is the basis for
establishing the deadline to complete the first
periodic plan. The owner or operator may
complete any required plan prior to the required
deadline provided the owner or operator places
the completed plan into the facility’s operating
record within a reasonable amount of time. In all
cases, the deadline for completing a subsequent
plan is based on the date of completing the
previous plan. For purposes of this paragraph
(c)(4), the owner or operator has completed an
inflow design flood control system plan when the
plan has been placed in the facility’s operating
record as required by §257.105(g)(4).

The owner or operator acknowledges and will

comply with this requirement.

(c)(5) The owner or operator must obtain a
certification from a qualified professional engineer
stating that the initial and periodic inflow design
flood control system plans meet the requirements

of this section.

Certification by a professional engineer is included

as an attachment to this document.

§257.82 (d) Hydrologic and Hydraulic capacity requirements for CCR surface impoundments

(d) The owner or operator of the CCR unit must
comply with the recordkeeping requirements
specified in §257.105(g), the notification
requirements specified in §257.106(g), and the
internet requirements specified in §257.107(g).

The owner or operator acknowledges and will

comply with this requirement.
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Certification Statement 40 CFR § 257.82(c)(5) —Initial Inflow Design Flood Control System Plan for an
Existing CCR Surface Impoundment

CCR Unit: Arizona Public Service; Four Corners Power Plant; Lined Decant Water Pond

I, Alexander W. Gourlay, being a Registered Professional Engineer in good standing in the State of New
Mexico, do hereby certify, to the best of my knowledge, information, and belief, that the information
contained in this certification has been prepared in accordance with the accepted practice of
engineering. | certify, for the above-referenced CCR Unit, that the information contained in the initial
inflow design flood control system plan dated August, 31, 2016 meets the requirements of 40 CFR §
257.82.

Alexander W. Gourlay, P.E.

Printed Name

August 31, 2016

Date




APPENDIX 1 — HYDROLOGY ANALYSIS, LINED ASH IMPOUNDMENT 5280 LIFT,
FOUR CORNERS POWER PLANT
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Hydrology Analysis
Lined Ash Impoundment 5280 L.ift
Four Corners Power Plant
Arizona Public Service

Problem Statement

The purpose of this calculation is to determine the storage capacity and runoff volumes for the
basins tributary to the Lined Ash Impoundment (LAI) 5280 Lift and the Lined Decant Water
Pond (LDWP), as well as estimate the freeboard depth for the LAl and LDWP to contain the
Probable Maximum Precipitation (PMP) at the Four Corners Power Plant (FCPP) in New
Mexico, operated by Arizona Public Service (APS). In addition, this calculation will determine
the required storage capacity and runoff volume for the North Toe area of the West
Embankment.

The footprint of the LAI is being increased with construction of the 5280 Lift. The watershed
basin areas for the FCPP were revised as needed from the previously computed basins in the
Lined Ash Impoundment 5270 Lift (URS 2010). These revisions are based on updated topography
provided by APS and modifications to various basins resulting from the 5280 Lift construction.

Required Deliverables

e Storage capacity for applicable basins
e Runoff volume for applicable basins
e Freeboard elevation for basin impoundments upstream of the LAI and for the LDWP

Data Available

e Previously calculated PMP for the FCPP (URS 2003)

e Previously delineated and calculated basin areas (URS 2010)

e Wave Run-up Calculation and Freeboard Analysis for the Lined Decant Water Pond (URS
2010)

e 5280 Lift alignment and proposed contours as designed by URS

e 2002, 2006, 2009, and 2010 topography of the FCPP provided by APS

e Data based on the most current topography of the slope of the operating surface in the LAI
ranges from 0.0% - 0.5%

P:\WRES\Arizona_Public_Service\23446085_APS_FCPP 5278 Ph2\5_0_Technical\5_1_Reports_Deliverables\Design Report\5280 Design Report Appendices\Appendix D
Calculations\D.1 Hydrology Evaluation Calculation Package\Hydrology writeup.doc



Approach
Probable Maximum Precipitation

The 72-hour general storm Probable Maximum Precipitation (PMP) was calculated as

10.9 inches in the URS 2003 report Freeboard Evaluation of Ash Pond 6 (URS, 2003). The 72-
hour PMP was calculated from these precipitation values following the stepped methodology
from the Hydrometeorological Report No. 49 published by NOAA and the United States Army
Corps of Engineers (NOAA 1973).

Watershed Characteristics

The previously computed watershed basins were revised based on the updated topography and
the location of the LAI 5280 Lift alignment as shown in Figure 1. A summary of the revisions to
the watershed basin areas is presented in Table 4. The relationships of the revised tributary
basins to the fly ash ponds at the FCPP are shown below in Table 1.

TABLE 1
Relationship of Tributary Basins

Tributary Relationship Basins
Basins contained within the Existing LA I
Basins contained within the Existing LDWP H
Basins contained on the abandoned Ash Pond No. 3 P
Basins with individual containment on the perimeter of the fly ash ponds Dand O
Basins outside of the fly ash pond area A /B,and C
Basins contained within the Existing Ash Pond No. 6 (Basin E) E
Basins tributary to Ash Pond No. 6 (Basin E) F1, F2,G, and L4°
Upstream impoundment in Basin K3-M1 K3-M1 and M2-L3
Upstream impoundment in Basin K1 K1, L1 and L2
Upstream impoundment in Basin J Jand K2

Note: 1. Overflow from the LAl is directed to LDWP (Basin H)
2. Runoff from Basins F1, F2, G and L4 are directed to Ash Pond No. 6 (Basin E)

Water will be impounded upstream of the LAI embankment with the 5280 Lift in Basins J, K1,
and K3-M1, all of which contain the runoff volumes of other basins as shown in Table 1. The
LDWP is assumed to contain the runoff volumes of the LDWP (Basin H) and the LAI (Basin I)
during the PMP event. The basin areas were delineated and calculated in AutoCAD based on the
most currently available topography provided by APS. The curve numbers used were 95 for the
natural ground basins and 100 for ash containment areas including Basins E, H, | and P. These
curve numbers correspond to those used in the Freeboard Evaluation of Ash Pond 6 (URS 2003).
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Impoundments Upstream of the LAI - Storage Capacity and Runoff Volume

Impoundments within Basins J, K1, and K3-M1 will impound storm water against the LAI
embankment with the 5280 Lift. Although the lowest point on the proposed crest of the LAI is
5,280 feet, the crest elevation of the LAI varies along Basins J, K1, and K3-M1 and ranges from
5,283 to 5,292 feet. The storage capacities of the impoundment in Basins J, K1, and K3-M1 were

estimated to be approximately 15.7, 175.0, and 42.6 acre-feet, respectively.

The runoff volumes for the basins tributary to Basins J, K1, and K3-M1 were estimated for the
72-hour PMP of 10.9 inches. The resulting runoff volumes and freeboard estimates for the

impoundments within Basins J, K1, and K3-M1 are presented in Table 2.

TABLE 2
Impoundments Upstream of the LAI

Revised Maximum Depth of
Tributary Runoff Storage LAI Crest Water Impounded External
Area’ Volume! Capacity | Elevation’? | Elevation Water in | Freeboard
Basin (ac) (ac-ft) (ac-ft) (ft) (ft) Basin (ft) (ft)

J 9.0 8 15.7 5292 5288 22 4

K1 126.0 108 175.0 5285 5277 33 8

K3-M1 37.9 33 42.6 5283 5277 14 6
Note: T The Revised Tributary Areas and Runoff Volumes are representative of Basins J, K1, and K3-M1, in addition to their

Based on the estimated runoff volumes and storage capacities, the impoundments within

respective tributary basins.
2 The LAI 5280 Lift is named primarily to the nominal height of the west embankment, but the embankment crest does
vary along the alignment due to the slope of the existing grade and to contain the ash storage within the LAl at a

0.5 percent slope to the southwest corner.

Basins J, K1, and K3-M1 will impound water below the crest of the LAI and will not overtop
during the PMP.

The elevation-area-capacities (EAC) for the watershed basins, the LAI, and the LDWP are
included in this calculation package on Tables 5 through 11. The EACs were developed based
upon the interior contours for each basin or impoundment. AutoCAD was used to determine the
surface area at each contour and summarized with an excel spreadsheet. The EAC for the LDWP
was created based on data obtained from the dam owner’s certificate.

The maximum storage elevation was determined to be the elevation that provided full
containment without overflow to the LAI or adjacent basins. The Cumulative Storage number
shown in bold represents the estimated total runoff volume to the identified basin.
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North Toe — Storage Capacity and Runoff Volume

As part of the 5280 Lift, a pre-load (North Toe Pre-load/Buttress) will be constructed at the north
toe of the west embankment (North Toe area). The North Toe area is located in Basin P, which is
also the abandoned Ash Pond 3. The North Toe Buttress will reduce the existing storage
capacity for the Basin P. An EAC was created for the revised Basin P, and the available storage
capacity is estimated to be 46.4 acre-feet. The runoff volume for Basin P was calculated for the
72-hour PMP event. Based on the estimated runoff volume, the maximum water surface
elevation will be 5,206 feet, with a maximum depth of 4 feet. The lowest point of the
embankment surrounding Basin P is at an elevation of 5209 feet. Therefore, the resulting
freeboard is 3 feet.

LAI Freeboard Analysis

The LAl is used for storage of hydraulically deposited solids and therefore has essentially two
elevation-storage curves: solids (ash) storage and precipitation (water) storage. The
impoundment ash surface of the LAI slopes to the southwest corner at approximately 0.5 percent
or less. The EAC for the ash storage was developed based on historical data at the nominal crest
elevations for each consecutive construction lift. Direct-precipitation will flow and be contained
in the southwest corner of the LAI. For the purpose of comparison of available and required
freeboard in the LAI resulting from the probable maximum flood (PMF), it is conservatively
assumed that the decant tower may become blocked or otherwise damaged during a major storm
event. Therefore, the freeboard analysis of the 5280 Lift of the LAI assumes that the full direct-
precipitation amount will impound in the southwest corner of the LAI without drainage to the
LDWP during the event.

Using the SCS Rainfall-Runoff method, the runoff volume for the LAI was estimated for the
72-hour PMP of 10.9 inches. The required storage capacity to contain the PMF within the LAI
was calculated to be 123 ac-ft. In order to stay consistent with past LAI lift designs, a residual
freeboard of 2.8 feet will be used. A preliminary EAC curve was generated for the water storage
capacity atop the maximum operating surface in the southwest corner of the LAI and was based
on the existing topography, the 5280 Lift design, and the estimated water storage contours. The
maximum operating surface was estimated assuming that the operating surface will continue to
slope to the southwest corner at approximately 0.5 percent or less as ash. The preliminary EAC
curve was used to estimate the depth needed to contain the PMF and the residual freeboard. The
estimated maximum operating surface was then adjusted according to this depth, a final EAC
curve was created, and the depth was verified. The storage depth required to contain the PMF in
the LAl is 2.0 feet at its deepest point in the southwest corner, and the residual freeboard is
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2.8 feet. Therefore, the maximum operation level at the southwest corner is estimated to be
5275.2 feet; the PMF will be stored within the LAl with a water surface elevation of 5277.2 feet;
and the remaining 2.8 feet to the crest elevation is the residual freeboard, as shown in Figure 2.

Wave generation within the LAI is not considered feasible due to a thick layer of cenospheric
solids overlying the ponded water within the ash impoundment. The layer of solids shields the
free water surface from wind and dissipates movement energy. Therefore, a wave runup analysis
was not considered applicable to the LAI and is not included in this report.

LDWP Freeboard Analysis

The LDWP will need to contain inflow from the LAI, which is directly east of the LDWP. For
the purpose of sizing the LDWP, it is conservatively assumed that the LAI will not store water
and all inflow will report directly to the LDWP. The storage capacity required to contain the

PMF within the LDWP was calculated to be approximately 173 ac-ft. This volume was divided

by the surface area of the operating elevation of 5210 feet within the LDWP to determine the
height required to store the total inflow.

TABLE 3
LDWP Freeboard

Storage VVolume required within the LDWP 173 ac-ft
Surface Area at elevation 5210 ft 42.7 ac
Depth required for PMP storage in LDWP 4.1 ft
Depth required for wave run-up and setup® 2.0 ft
Total Freeboard required 6.1 ft
Maximum operating elevation 5209.9 ft

Note: 1. The required depth for wave run-up and setup within the LDWP was calculated as 2.0 feet in the Lined
Ash Impoundment 5270 Lift Report (URS, 2010).

The maximum operating depth of the LDWP is determined from the sum of the wave run-up and
setup plus the storage depth for the PMP, as calculated in Table 3. The required depth for wave
run-up and setup within the LDWP was calculated as 2.0 feet in the report Lined Ash
Impoundment 5270 Lift (URS 2010). The PMP storage required in the LDWP is 4.1 feet.
Therefore, the maximum operating depth for the LDWP at the FCPP is 6.1 feet below the crest
elevation of 5216.0 feet, or a maximum operating elevation of 5209.9 feet.
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Results

Impoundments within Basin J, K1, and K3-M1 will impound storm water against the LAI
embankment with the 5280 Lift. Based on the estimated runoff volumes and storage capacities,
the impoundments within Basins J, K1, and K3-M1 will impound water below the crest of the
LAI and will not overtop during the PMP.

The available storage capacity within Basin P will be reduced due to the construction of the
North Toe Buttress. Based on the estimated runoff volume and the revised storage capacity, the
impoundment within Basin P will impound water below the crest of the abandoned Ash Pond 3
and will not overtop during the PMP event.

The storage capacity required to contain the PMP within the LAI was calculated to be
approximately 123 ac-ft. The PMP can be stored within the LAI up to approximately 5277.2 feet.
This will yield a residual freeboard during the PMF of 2.8 feet.

The storage capacity required to contain the PMP within the LDWP was calculated to be
approximately 173 ac-ft. The required depth for wave run-up and setup within the LDWP is

2.0 feet, and the PMP storage required in the LDWP is 4.1 feet. Therefore, the maximum
operating depth for the LDWP at the Four Corners Power Plant is 6.1 feet below the crest
elevation of 5216.0 feet, or a maximum operating elevation of 5209.9 feet. An electronic version
of this calculation is included in the compact disc included in Appendix D.9.

Figures

Figure 1: Watershed Areas, Four Corners Power Plant
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Table 4
Four Corners Power Plant
Arizona Public Service
Watershed Basin Summary

Previous Revised Runoff Storage
Watershed ID Area (sf) Area (sf) Area (acre) Volume (ac-ft) Capacity (ac-ft) Comments

A 4,007,494 4,007,508 92.0 79 - No significant change

B 1,396,203 1,395,957 32.0 27 - No significant change

C 13,499,229 13,499,229 309.9 266 - No significant change

D 655,303 655,584 15.1 13 - No significant change

E 6,218,001 6,166,461 1416 129 N/A Reduced due to an increase in | (contains F1,
F2, G, and L4)

F1 1,223,522 1,223,505 28.1 24 - No significant change

F2 417,876 417,876 9.6 8 - No significant change

G 763,217 730,355 16.8 14 - Reduced due to an increase in |

H 2,090,796 2,412,896 55.4 50 517.0 Increased to include basin Q (contains H and I)

| 5,685,306 5,921,262 135.9 123 294.9 Increased due to crest height and alignment

J 215,475 215,475 4.9 4 15.7 No significant change (contains J and K2)
Increased to include a portion of L1 and L3

K1 1,942,424 2,536,856 58.2 50 175.0 (contains K1,L1, andL2)

K2 177,730 177,730 4.1 3 - No significant change

K3 133,516 0 0.0 0 - Absorbed into basin K3-M1
New basin due to construction of runaway truck

K3-M1 i 391,626 9.0 8 42.6 ramp (contains K3-M1 and M2-L3)

L1 1,414,365 719,946 16.5 14 - Reduced by splitting out L4

L2 2,099,602 2,232,504 51.3 44 - Increased to include a portion of L3

L3 805,404 0 0.0 0 - Absorbed into basins K1, L2, and M2-L3

L4 376,799 376,799 8.7 7 - No significant change

M1 233,317 0 0.0 0 - Absorbed into basin K3-M1

M2 626,667 0 0.0 0 - Absorbed into basin M2-L3

M2-L3 - 1,260,622 28.9 25 - New basin due to construction of haul road

O 260,527 254,316 5.8 5 - Reduced due to an increase in |
Watershed area reduced due to an increase in

P 950,434 882,673 20.3 18 46.4 |. Storage capacity reduced do to North Toe
Pre-load construction.

Q 357,717 0 0.0 0 - Basin Q was absorbed into basin H

Notes:

1. A curve number of 95 was used for all areas, with the exception of the impoundments on site where a curve number of 100 was used.
2. The PMF was calculated at 10.9 inches from the 2003 Ash Pond 6 Freeboard Analysis (URS, 2003).
3. The original basins and corresponding areas were taken from the 5270 Lift Design Report (URS, 2010).
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Table 5
Four Corners Power Plant
Arizona Public Service
Elevation Area Capacity Curve

Basin J
Reservoir Total Average Elevation | Reservoir .
Elevation Surface Area Surface Area | Surface Area | Difference| Storage Cumulative Storage
(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5266 18.59 0.00 0.00 0.00 0.00 0.00
5267 78.8 0.00 0.00 1.00 0.00 0.00
5268 173.83 0.00 0.00 1.00 0.00 0.00
5269 288.02 0.01 0.01 1.00 0.01 0.01
5270 460.06 0.01 0.01 1.00 0.01 0.02
5271 626.34 0.01 0.01 1.00 0.01 0.03
5272 1728.13 0.04 0.03 1.00 0.03 0.06
5273 2550.67 0.06 0.05 1.00 0.05 0.11
5274 4476.70 0.10 0.08 1.00 0.08 0.19
5275 5659.80 0.13 0.12 1.00 0.12 0.30
5276 6899.68 0.16 0.14 1.00 0.14 0.45
5277 10530.97 0.24 0.20 1.00 0.20 0.65
5278 14434.99 0.33 0.29 1.00 0.29 0.93
5279 18105.23 0.42 0.37 1.00 0.37 1.31
5280 21587.58 0.50 0.46 1.00 0.46 1.76
5281 24984.55 0.57 0.53 1.00 0.53 2.30
5282 28595.91 0.66 0.62 1.00 0.62 2.91
5283 31916.29 0.73 0.69 1.00 0.69 3.61
5284 35346.83 0.81 0.77 1.00 0.77 4.38
5285 38724.05 0.89 0.85 1.00 0.85 5.23
5286 42231.16 0.97 0.93 1.00 0.93 6.16
5287 46021.43 1.06 1.01 1.00 1.01 7.17
5288 50605.97 1.16 1.11 1.00 1.11 8.28
5289 58237.81 1.34 1.25 1.00 1.25 9.53
5290 71135.96 1.63 1.49 1.00 1.49 11.02
5291 99258.85 2.28 1.96 1.00 1.96 12.97
5292 142033.74 3.26 2.77 1.00 2.77 15.74
Basin J
Elevation-Area-Capacity
Surface Area (AC)
4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00
5295
5290 B ———_ —
685 ‘./.‘/’/_‘/P--i.\-\k
—~ /v
|_
Li/ 5280 //
k] //
® 5275
L h
w 5270 ¢
<
5265 *
5260
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

Capacity (AC-FT)
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Table 6
Four Corners Power Plant
Arizona Public Service
Elevation Area Capacity Curve

Basin K1
Reservoir Surface Area Total Average Elevation Reservoir Cumulative
Elevation Surface Area | Surface Area [ Difference Storage Storage
(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5244 4,207 0.10 0.00 0.00 0.00 0.00
5245 5,449 0.13 0.11 1.00 0.11 0.11
5246 7,738 0.18 0.15 1.00 0.15 0.26
5247 9,478 0.22 0.20 1.00 0.20 0.46
5248 14,955 0.34 0.28 1.00 0.28 0.74
5249 40,941 0.94 0.64 1.00 0.64 1.38
5250 60,222 1.38 1.16 1.00 1.16 2.54
5251 70,994 1.63 1.51 1.00 1.51 4.05
5252 83,583 1.92 1.77 1.00 1.77 5.82
5253 96,163 2.21 2.06 1.00 2.06 7.89
5254 105,499 2.42 2.31 1.00 2.31 10.20
5255 113,469 2.60 2.51 1.00 2.51 12.71
5256 119,282 2.74 2.67 1.00 2.67 15.39
5257 124,411 2.86 2.80 1.00 2.80 18.18
5258 129,536 2.97 2.91 1.00 2.91 21.10
5259 135,438 3.11 3.04 1.00 3.04 24.14
5260 142,094 3.26 3.19 1.00 3.19 27.33
5261 149,888 3.44 3.35 1.00 3.35 30.68
5262 159,259 3.66 3.55 1.00 3.55 34.23
5263 169,296 3.89 3.77 1.00 3.77 38.00
5264 180,489 4.14 4.01 1.00 4.01 42.01
5265 194,343 4.46 4.30 1.00 4.30 46.31
5266 204,262 4.69 4.58 1.00 4.58 50.89
5267 211,022 4.84 4.77 1.00 4.77 55.66
5268 218,573 5.02 4.93 1.00 4.93 60.59
5269 226,032 5.19 5.10 1.00 5.10 65.69
5270 233,525 5.36 5.27 1.00 5.27 70.97
5271 241,670 5.55 5.45 1.00 5.45 76.42
5272 250,535 5.75 5.65 1.00 5.65 82.07
5273 259,693 5.96 5.86 1.00 5.86 87.93
5274 268,877 6.17 6.07 1.00 6.07 93.99
5275 277,834 6.38 6.28 1.00 6.28 100.27
5276 286,887 6.59 6.48 1.00 6.48 106.75
5277 295,967 6.79 6.69 1.00 6.69 113.44
5278 305,481 7.01 6.90 1.00 6.90 120.35
5279 315,582 7.24 7.13 1.00 7.13 127.47
5280 326,020 7.48 7.36 1.00 7.36 134.84
5281 336,161 7.72 7.60 1.00 7.60 142.44
5282 345,754 7.94 7.83 1.00 7.83 150.27
5283 355,088 8.15 8.04 1.00 8.04 158.31
5284 364,210 8.36 8.26 1.00 8.26 166.57
5285 373,034 8.56 8.46 1.00 8.46 175.03
Basin K1
Elevation-Area-Capacity
Surface Area (AC)
9.00 8.00 7.00 6.00 5.00 4.00 3.00 2.00 1.00 0.00
5290
5285
Y
5280 ‘\-\._\.\' *ﬁ/
K-\I\.
£ om0 =
~ Ty
S 5265 // e
§ |5260 e .
§ s255 -‘m"{.\'\
5250 - e
5245 .\.‘i
5240
0.00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00 225.00
Capacity (AC-FT)
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Table 7

Four Corners Power Plant
Arizona Public Service
Elevation Area Capacity Curve

Basin K3-M1
Reservoir Total Average Elevation Reservoir Cumulative
. Surface Area .

Elevation Surface Area | Surface Area | Difference Storage Storage
(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5263 5,623 0.13 0.00 0.00 0.00 0.00
5264 37,545 0.86 0.50 1.00 0.50 0.50
5265 58,399 1.34 1.10 1.00 1.10 1.60
5266 79,266 1.82 1.58 1.00 1.58 3.18
5267 89,804 2.06 1.94 1.00 1.94 5.12
5268 98,620 2.26 2.16 1.00 2.16 7.28
5269 106,262 2.44 2.35 1.00 2.35 9.63
5270 114,117 2.62 2.53 1.00 2.53 12.16
5271 122,025 2.80 2.71 1.00 2.71 14.87
5272 129,575 2.97 2.89 1.00 2.89 17.76
5273 136,949 3.14 3.06 1.00 3.06 20.82
5274 144,352 3.31 3.23 1.00 3.23 24.05
5275 151,602 3.48 3.40 1.00 3.40 27.45
5276 158,530 3.64 3.56 1.00 3.56 31.01
5277 165,465 3.80 3.72 1.00 3.72 34.72
5278 172,473 3.96 3.88 1.00 3.88 38.60
5279 179,424 4,12 4.04 1.00 4.04 42.64

Basin K3-M1
Elevation-Area-Capacity
Surface Area (AC)
4.50 4.00 3.50 3.00 2.50 2.00 1.50 1.00 0.50 0.00
5280 N .
5278 —
o ‘\_\-\ ,.//

~ (5274 S~ —

n —

= 5272 —

% 5270 /-/

3 5268 // \

w 5266 // \._\\'\

5264 —
5262
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00
Capacity (AC-FT)
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Table 8

Four Corners Power Plant
Arizona Public Service
Elevation Area Capacity Curve

Basin P
Reservoir Total Average Elevation Reservoir Cumulative
. Surface Area .

Elevation Surface Area | Surface Area | Difference Storage Storage
(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5202 79,995 1.84 0.00 0.00 0.00 0.00
5203 167,509 3.85 2.84 1.00 2.84 2.84
5204 285,501 6.55 5.20 1.00 5.20 8.04
5205 295,510 6.78 6.67 1.00 6.67 14.71
5206 331,303 7.61 7.19 1.00 7.19 21.90
5207 347,188 7.97 7.79 1.00 7.79 29.69
5208 363,347 8.34 8.16 1.00 8.16 37.85
5209 380,157 8.73 8.53 1.00 8.53 46.38

Basin P
Elevation-Area-Capacity
Surface Area (AC)
10.00 8.00 6.00 4.00 2.00 0.00
5210
5209 = /
5208 —

~ |5207

LL

E’ 5206 /

o

= |5205

g 5204 .//\i

w

5203 /
5202 .
5201
0.00 10.00 20.00 30.00 40.00 50.00
Capacity (AC-FT)
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Four Corners Power Plant

Table 9

Arizona Public Service
Elevation Area Capacity Curve

LDWP* (Basin H)

13

Reservoir Elevation Total Cumulative
Surface Area Storage
(ft) (acre) (acre-ft)
5206 40 120
5213.2 45 435
5216 46 517
* From Dam Owner's Certificate
Basin H (LDWP)
Elevation-Area-Capacity
Surface Area (AC)
47 46 45 44 43 42 41 40 39
5218
5216 »
\ A
5214 \-\
— /
& 5212 ™~ g =
.§ \\ e
S 5210 Ny
w e ~
e ~~—
5208
™~
// ~~
5206 - ~u
5204
0 75 150 225 300 375 450 525 600
Capacity (AC-FT)
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Table 10

Four Corners Power Plant
Arizona Public Service
Elevation-Area-Capacity

LAI (Basin I) - Water Storage

Reservoir Surface Total Average Elevation | Reservoir | Cumulative
. Surface | Surface .
Elevation Area Difference | Storage Storage
Area Area
(ft) (sf) (acre) (acre) (ft) (acre-ft) (acre-ft)
5275.2 1,823,036 41.85 0.00 0.00 0.00 0.00
5276.2 2,683,394 61.60 51.73 1.00 51.73 51.73
5277.2 3,551,384 81.53 71.57 1.00 71.57 123.29
5278.2 4,250,569 97.58 89.55 1.00 89.55 212.85
5279.2 4,600,234 105.61 101.59 1.00 101.59 314.44
5280.0 4,862,684 111.63 108.62 0.80 86.90 401.33
LAl EAC - Water Storage
Surface Area (AC)
140.00 120.00 100.00 80.00 60.00 40.00 20.00 0.00
5280
5279 \ /.

5278

e

Elevation (FT)

5277

5275

5276
‘/

N\

0.00

50.00

100.00

150.00
Capacity (AC-FT)

200.00

250.00

—&— Capacity —l— Surface Area

300.00

350.00

14
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Table 11

Four Corners Power Plant
Arizona Public Service
Elevation-Area-Capacity

LAI (Basin 1) Ash Storage

Reservoir Surface Area Total Elevation Cumulative
Elevation Surface Area Difference Storage
(ft) (sf) (acre) (ft) (acre-ft)
5208 87,120 2.00 0.00 2.00
5228 3,092,760 71.00 20.00 969.00
5248 3,571,920 82.00 20.00 2,530.00
5258 3,746,160 86.00 10.00 3,456.00
5270 5,418,090 124.38 12.00 4,718.29
5280 5,626,367 129.16 10.00 5,986.02
LAl EAC - Ash Storage
Surface Area (AC)
150.00 125.00 100.00 75.00 50.00 25.00 0.00
5290
5280 \
/
5270 l\ pe=
\ /
5260
; 5250
é 5240 /'/\
5230 - i\
/ \
5220 7 \
5210 p // \ a1
5200
0.00 500.00 1,000.00 1,500.00 2,000.00 2,500.00 3,000.00 3,500.00 4,000.00 4,500.00 5,000.00 5,500.00 6,000.00
Capacity (AC-FT)
—&— Capacity —l— Surface Area

Note: Ash Storage data for the LAI provided by APS.

P:\WRES\Arizona_Public_Service\23446085_APS_FCPP 5278 Ph2\5_0_Technical\5_1_Reports_Deliverables\Design Report\5280 Design
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Table 12
Four Corners Power Plant
Arizona Public Service
Basin Hydrology Summary

Basin J

Storage capacity (ac-ft) 15.7
Runoff Volume from contributing basins (ac-ft) 7
Maximum Depth of water, elevation 5,288 22
Freeboard (ft) - (to the crest of the LAI) 4
Basin K1

Storage capacity (ac-ft) 175.0
Runoff Volume from contributing basins (ac-ft) 108
Maximum Depth of water, elevation 5,277 33
Freeboard (ft) - (to the crest of the LAI) 8
Basin K3-M1

Storage capacity (ac-ft) 42.6
Runoff Volume from contributing basins (ac-ft) 33
Maximum Depth of water, elevation 5,277 14
Freeboard (ft) - (to the crest of the LAI) 6
Basin P

Storage capacity (ac-ft) 19.6
Runoff Volume from contributing basins (ac-ft) 18
Maximum Depth of water, elevation 5,206 4
Freeboard (ft) - (to the top of the Ash Pond 3 embankment) 3
Lined Ash Impoundment (Basin )"

Runoff Volume from contributing basins (ac-ft) ® 123
Maximum Depth of water, elevation 5,277.2 2
Freeboard (ft) 1.8
Lined Decant Water Pond (Basin H)

Runoff Volume from contributing basins (ac-ft) © 173
Maximum Depth of water, elevation 5,210.2° 8
Freeboard (ft) See Note E
Notes:

A. The storage volume in the LAl begins at elevation 5277 feet to account for the assumed existing ash elevation.

Freeboard estimate for the LAl is estimated for the PMP event only.

Estimates of runoff volume for Basin H assumes that it includes Basins H and |

Maximum Depth of water in LDWP is assumed to be 8 feet.

mojofw

Freeboard is to be calculated based on previously calculated PMP and wave run-up.

P:\WRES\Arizona_Public_Service\23446085 APS_FCPP 5278
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0 500 1000
SCALE IN FEET

LEGEND
WATERSHED BOUNDARY
C WATERSHED BASIN ID
C BASIN ID
A BASIN AREA

RUNOFF VOLUME WATERSHED SCHEMATIC SYMBOL
TOTAL RUNOFF VOLUME
STORAGE CAPACITY

SEE NOTE 1. SEE NOTE 1. SEE NOTE 1.

REFERENCE

EXISTING TOPOGRAPHY PROVIDED BY APS,
FLOWN BY AERIAL MAPPING CO. ON MAY 12, 2010.

DATUM INFORMATION

CONTROL POINTS;
HV-53
SOUTHERN CALIFORNIA EDISON (SCE) BRASS CAP
NORTHING EASTING ELEVATION
N2,070,581.505 £2529275.542 5331.214'
NEW MEXICO STATE PLANE
TRANSVERSE MERCATOR—-WEST ZONE
N.A.D. 1983, NAVD 88
NOTE:

ELEVATIONS SHOWN ON THIS FIGURE ARE APPROXIMATELY 3" HIGHER THAN THOSE USED IN
THE APS DRAWING SET 161907, WHICH IS IN N.A.D. 1927, N.G.V.D. 1929.

BASINS NOT CONTRIBUTING TO THE ASH IMPOUNDMENTS

A B C D
92.0 AC 32.0 AC 309.9 AC 15.1 AC
79 AC-FT 28 AC—FT 266 AC—FT 13 AC—FT
79 AC-FT 28 AC-FT 266 AC—FT 13 AC—FT

ROUTING OF BASINS IMPACTING THE ASH IMPOUNDMENTS

F2 L4 K2 L2 1 M2-L13
9.6 AC 8.7 AC 4.1 AC 51.3 AC 135.9 AC 28.9 AC
8 AC—FT 7 AC—FT 3 AC—FT 44 AC—FT 123 AC—FT 25 AC—FT
- 8 AC—FT 7 AC—FT 3 AC—FT 44 AC—FT 123 AC—FT 25 AC—FT
ined Evaporation
Pond #3 )
F1 G J L1 H K3 - M1
28.1 AC 16.8 AC 4.9 AC 16.5 AC 55.4 AC 9.0 AC
24 AC—FT 14 AC—FT 4 AC—FT 14 AC—FT 50 AC—FT 8 AC—FT
32 AC—FT 21 AC—FT 7 AC—FT 58 AC—FT 173 AC—FT 33 AC—FT
. - - 15.7 AC—FT - 517.0 AC—FT 42.6 AC—FT]|
Lined
Ash Impoundment
Y (LAI)
I Lined -
J iy Decant Water Pond 141% A 58 *51 ac
A o 122 2 we
\ Lined Evaporation ‘ ‘ - _
| 175.0 AC—FT
L . Pond#1 “‘ 14\ NOTE 2
I |
, BASINS WITH DIRECT PRECIPITATION ONLY
0 P
5.8 AC 20.3 AC
5 AC—FT 18 AC—FT
5 AC—FT 18 AC—FT
- 19.6 AC—FT
NOTE:

1. AREAS OUTSIDE LIMITS OF THE CURRENT TOPO. ASSUMED NO SIGNIFICANT CHANGES SINCE
THE REPORT 5270 LIFT DESIGN REPORT (URS 2010)

2. ASSUMED TO BE STORED WITHIN THE FREEBOARD OF ASH POND 6.

3. RUNOFF VOLUMES ARE BASED ON PROBABLE MAXIMUM PRECIPITATION.

Hydrologic Watershed Routing
Arizona Public Service

Four Corners Power Plant
Figure 1

P:\WRES\Arizona_Public_Service\23446085_APS_FCPP 5278 Ph2\5_0_Technical\5_7_CADD\FIGURES\ A18329.dwg




EXISTING ASH POND #6

EL=5280.00
2.8 PMF=5277.20
N\ 2 pvr | =
N
EL=5275.20 MAXIMUM
OPERATING
LEVEL

\ EXISTING

PMF=5277.20

\ MAXIMUM

OPERATING
LEVEL

\ EXISTING

/
// OPERATING
/ OPERATING LEVEL
// LEVEL
/
/
DETAIL 1
——— ‘ NTS
CONTOUR INTERVAL=10'
0 500 1000
SCALE IN FEET
5330 5330
5320 SEE DETAIL 1 SEE DETAIL 1 5320
5310 / / 5310
5300 MAXIMUM OPERATING LEVEL 5300
5290 / ——= 5200
5280 c 7 A 15280
5270 - / 5270
&£ s260 .t ———————————— e T——— e e S N e ———— S N R 5260 &
g 5250 R - ‘i 77777777777777777777777777777777 5250 2
= =
% 5240 CXISTING 5240 5
o 5230 OPERATING 5230
5220 LEVEL 5220
5210 5210
5200 5200
5190 5190
5180, 5180
5170 5170
5160 5160
5150 5150

SECTION FREEBOARD OF POND
0 200 400

HORZ SCALE IN FEET
40 80

VERT SCALE IN FEET

REFERENCE;

EXISTING TOPOGRAPHY PROVIDED BY APS,
FLOWN BY AERIAL MAPPING CO, ON MAY 12, 2010.

DATUM INFORMATION
CONTROL POINTS;

HV-53
SOUTHERN CALIFORNIA EDISON (SCE) BRASS CAP
NORTHING EASTING ELEVATION

N2,070,519.859 E306,365.846 5328.150'

NEW MEXICO STATE PLANE
TRANSVERSE MERCATOR-WEST ZONE
N.A.D. 1927, N.G.V.D. 1929

LAl Freeboard Exhibit

Arizona Public Service

Four Corners Power Plant
Figure 2
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URS

January 14, 2003

New Mexico Office of the State Engineer

Attention: Elaine Pacheco, P.E. Chief Dam Safety Bureau
130 South Capitol Street

NEA Building

PO Box 25102

Santa Fe, NM 87504-5102

Re: Freeboard Evaluation
Fly Ash Pond No. 6 )
Arizona Public Service Company
URS Job No. 23442859

Dear Ms. Elaine Pacheco, P.E.

INTRODUCTICN

URS Corporation is under contract with the Arizona Public Service Company (APS) to evaluate
the freeboard for Fly Ash Pond No. 6 at the Four Corners Generating Facility in San Juan
County, New Mexico. This letter has been prepared to demonstrate that this facility will maintain
the minimum required freeboard as set forth by the New Mexico Office of the State Engineer

(State).
FACILITY DESCRIPTION

The Four Comers Generating Facility currently deposits fly ash into Pond No. 6. Ash Pond Nos.
3, 4, and 5 are not currently in use. APS is proposing to construct the Lined Ash Impoundment
and Lined Decant Water Pond over Pond Nos. 3 and 4. An overview of the ash pond system is

provided on Drawing 1.
CURRENT FREEBOARD REQUIREMENTS

The current freeboard requirement for Pond No. 6 is detailed in a letter from the State to Damies
& Moore dated June 7, 1990. The State required five (5) feet of freeboard with 2.2 feet allocated
for storage of half the 24-hour Probable Maximum Flood (PMF). Therefore, 2.8 feet of residual
freeboard must be maintained from the top of the flood pool and the lowest point on the dam

crest.

URS Corporation

7720 North 16th Street, Sulte 100
Phoenlx, AZ 85020

Tel: 602.371.1100

Fax: 602.371.1615



URS

New Mexico Office of the State Engineer
January 14, 2003
Page 2

The basis for development of the original freeboard requirement was detailed in the following

documents:

1. A letter from Dames & Moore dated May 29, 1990 titled Freeboard Requirements,
Bortom Ash Dams #3 and #6.

2. Report — Raising Ash Dams 3 and 6, Dames and Moore, Ahgust 29, 1990.

FREEBOARD EVALUATION

The freeboard evaluation was performed using a HEC-1 model that was modified from the

original model developed by Dames & Moore (Reference 2). The modifications include the use

of a larger PMF storm event and changes to watershed boundaries. In addition, the HEC-1 model

was modified to account for flows that previously passed from Pond No. 5 to Pond Nos. 3 and4
. will be diverted to Pond No. 6 with the construction of the Proposed Lined Ash Impoundment.

' Precipitation Estimate

As per the request of the State, the freeboard evaluation was based on the runoff resulting from
the 72-hour Probable Maximum Precipitation (PMP). The 72—h(;ur PMP was estimated to'be 10.9
inches using the procedures provided within the Hydrometeorological Report No. 49. Details of
the PMP calculation are provided in Appendix A.

Watershed Characteristics

The watershed characteristics used in the HEC-1 model are curve number, lag time, and basin
area. Development of these characteristics is detailed in the calculation provided in Appendix B.

The curve number used for natural ground and ash ponds was 95, which was taken from the
previous model (Reference 2). This high curve number is appropriate for modeling an extreme
storm such as the PMP. Pond No. 6 was given a curve number of 100 because is would be
entirely covered by ponding water, and basins tributary to Pond No. 5 were considered to have

impervious area for those portions covered by ponding water.

PAARIZONA. PUBLIC_SERVICE\VFOUR CORNERS HYDRQLOGY\REPORTS\HYDROLOGY LETTER.DOC
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New Mexico Office of the State Engineer
January 14, 2003
Page 3

The lag time for the basins was calculated using the Kirpich Formula, as provided in Drainage
Design Criteria for New Mexico State Highway & Transportation Department Projects

(NMSHTD 1998),

Basin areas were delineated and calculated using the topographic map provided by APS (see
Drawing 1). A description of the tributary relationship of the basins is provided in Table 1.

TABLE 1
Relationship of Tributary Basins

Tributary Relationship =~ " | Basins Comments

E, D,Fl, F2, G, and flow Flow is routed from Pond No. 5
Basins tributary to Ash Pond No. 6 routed through Pond No. 5 to Pond No. 6 through a

(Basin I) - proposed spillway structure.
Basins tributary to Ash Pond No. 5 LK,L1,12,and L3
Basins contained on the abandoned P and Q

Ash Pond No. 3

Basins contained within the Proposed H
Lined Decant Water Pond

Basins contained within the Proposed I
Lined Ash Impoundment

Basins with individual containment on
the perimeter of the fly ash ponds D, M1, M2, and Q

Basins outside of the fly ash pond area | A, B, and C

Storage Capaéfty

The storage capacity of Pond No. 6 is estimated to be approximately 915 acre-feet. The
elévation-storage data is based on a 2001 topographic survey, and is provided in Appendix C.
The bottom elevation is 5,212 feet. The lowest point on the dam crest is 5,225 feet. The elevation
and storage volume that correspond to 2.8 feet of residual freeboard are 5,222.2 feet and 547

acre-feet.

PAARIZONA_PUBLIC_SERVICEWWOUR CORNERS HYDROLOGYREPORTS\HYDAOLOGY LETTER DOC
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New Mexico Office of the State Engineer
January 14, 2003
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HEC-1 Modeling

The precipitation and watershed characteristics were input to the HEC-1 computer model. The
model was developed to estimate stormwater runoff for the PMP to Pond No. 6, including runoff
routed through Pond No. 5. No upstream diversions were considered for the PMP model. The
HEC-1 model is provided in Appendix B.

Results

The runoff volume to Pond No. 6 resulting from the 72-hour PMP is 344 acre-feet. Based on the
most recent topographic mapping, the storage volume of 344 acre-feet results in 4.4: feet. of
residual freeboard. Pond No. 6 has 547 acre-feet of available storage capacity below the residual
freeboard requirement of 2.8 feet. Therefore, Pond No. 6 can continue to deposit fly ash up to a
bottom elevation of 5,219.3 feet and maintain the residual freeboard required by the State.

The Proposed Lined Decant Water Pond and Lined Ash Impoundment will be operated in such a
manner to maintain 2.8 feet of residual freeboard following the 72-hour PMP. These proposed
impoundments will not have upstream watersheds and will only receive direct precipitation. The
storage of stormwater runoff on Pond No. 3, in the areas north and east of the¢ Proposed Lined
Decant Water Pond, will also maintain 2.8 feet of residual freeboard following the 72-hour PMP.

UPSTREAM DIVERSION

The hydrologic model developed for the freeboard evaluation did not include the diversion of
stormwater runoff from natural ground upstream of ‘the fly ash ponds. APS is currently
evaluating the feasibility of diverting stormwater runoff from these areas for water rights
reasons. The storm used for sizing these diversions will likely be less than the PMP and more in
the range of a 25-year to 100-year event. Drawing 1 shows potential locations. of diversion
channels. The runoff volume estimatéd in the freéboard e€valuation is conservative in that it
-assumes either no upstream diversion or the overtopping of diversion channels designed for

smaller events,

+
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New Mexico Office of the State Engineer
January 14, 2003
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Should you have any questions regarding the content of this letter please contact Byron Conrad
of APS at (602) 371-5953 or Todd Ringsmuth at (602) 861-7425.

Sincerely,

URS Corporation

Todd E. Ringsmuth, P.E.
Senior Engineer

Appendlx A= Preclpllalmn Estimate Calculation
Appendix B — HEC-1 Model
Apppendix C — Pond No. 6 Elevation-Storage Data

ce: Byron Conrad — Arizona Public Service Company
File
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APS Fly Ash Dams
100-year, 24-Hr Storm and PMP Precip. Calc.
September 13, 2002

Purpose: Estimate the 100-year, 24-hour precipitation and Probable Maximum
Precipitation (PMP) values in order to model the stormwater runoff for the fly ash ponds
at the APS facility near Farmington, NM.

Approach: {
1. Calculate the 100-yr, 24-hr prec:1p1tat10n values for the site.

2. Calculate the general storm PMP values for the site.

3. Convert the PMP values to a 72-hr event using the Modified NOAA_SCS Rainfall

Distribution Worksheet.

(1) 100-yr, 24-hr Prec1p1tat10n- j
The approach used to calculate the precipitation values follows that method provided

within the Precipitation-Frequency Atlas of the Western United States (Vol. IV-New )
Mexico) published by the National Oceanic and Atmospheric Administration (NOAA), |

1973.

The methodology consists of:
» Identifying the region of the state in which the subject property lies.
e Determining from precipitation maps the following precipitation valués:
. o 2-yr, 6-hr ) ] ¢
o 2-yr, 24-hr R
o 100-yr, 6-hr 3]
o 100-yr, 24-hr Coa
e Apply the values above to the provided formulas to estimate the following:
o -2-yr, 1-hr :
100-yr, 1-hr ’ . 5
2yr, 2-hr
2-yr, 3-hr
2-yr, 12-hr
100-yr, 2-hr ,
100-yr, 3-hr -
o 100-yr, 12-hr
» Apply the reduction values (Table 12) to estimate the precipitation values:
o 2-yr,5-min '
o 2-yr,15-min
o 100-yr, 5-min
o 100-yr, 15-min
{(2) Probable Maximum Precipitation (PMP)-
The approach used to calculate the precipitation values follows that method provided
within the Hydrometeorological Report No. 49 (HR-49), published by the National
Oceanic and Atmospherlc Administration (NOAA) and the United States Army Corps of

Engineers.

0 000 OO0
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HR-49 provides a stepped methodology, which has been followed in order to complete
the development of the General Storm. For the purpose of clarity explaining the

calculation method, those instructional steps are includes as pages 2 and2€of this

calculation package. The associated worksheet (page® {) has also been converted into an
electronic spreadsheet to ease the calculation of the values.

(3) 72-Hr PMP Adjustment-

A rainfall hyetograph was developed for the site by using the SCS unit Hydrograph

method, referenced within the New Mexico State Highway and Transportation
Department Drainage Design Manual (Dec, 1995- updated 1998). The 100-yr, 24-hr
rainfall values are used to distribute the 72-hr PMP values derived during the previous
step. The resultant hyetograph was then input to the HEC-1 files for peak storage volume

estimation.

Data Available:
e NOAA precipitation Atlas,
e Site Location -

e Hydrometeorological Report No. 49 (HR-49)

NMSHTD Drainage Manual (Dec. 1995, revised 1998)

Results:
(1) 100-yr, 24-hr Precipitation-

5-MIN 15-MIN 60-MIN 2-HR 3-HR 6-HR * 12-HR 24-HR
2-YEAR 0.21 0.38 0.59 0.66 0.7 0.80 0.90 1.00
100-YEAR 0.56 1.09 1.756 1.84 1.89 2.00 2.20 2.40

(2) Probable Maximum Precipitation (PMP)-

6-hr 12-hr

18-hr

24-hr | 48-hr

72-hr

5.3 6.8

7.7

8.3 1041

10.9

(3) 72-Hr PMP Adjustment-

See page 32-of this calculation package.




Arizona Public Service Co.
Four Corners Fly Ash Ponds

Precipitation Data Calculation

PART A PART B PART C
Pag 0.8 P oy 0.6 [Region | 2
Poos 1.0 P 100, 1¢ 1.8
P 100, &' 2.0 P 2.2 0.7 . Ratio
Duration
P 100, 24' 2.4 Pglal 0.7 2-yr 100-yr
P22 09| 5 0.29 0.29
P 1002 18| 15 0.57 0.57
P 002 1.9
P 100,12 2.2 P25 0.2
P25 0.3
P100,5° 0.5
P100,15* 1.0
' 5-MIN 15-MIN | 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR-
2-YEAR 0.17 0.34 0.59 0.66 0.71 0.80 0.90 1.00
100-YEAR| 0.51 1.00 1.75 1.84 1.89 2.00 2.20 2.40

RAINFALL
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Arizona Public Service Co.
Four Corners Fly Ash Ponds

Precipitation Data Calzajuion .
- L
r oeer® DA 4 Frewsdag ?'lam'faralk‘ [
A B C D E F G # H !
1 |PART A PART B PART C
2 |Pae 0.8 Poy =-0.011+0.942'B2/2/B3 Region 2
3 |P 224 1 P 100, 1* =0.494+0.755*B4~2/B5
4 [P-y00. 6 2 Poo =0.341"B2+0.659*E2 . Ratio
; 2 Duration
5 |P 100, 24 24 Poy =0.569"B2+0.431*E2 P 2-yr 100-yr
6 Pji2 =0.5*B2+0.5"B3 v 0.29 0.29
7 Pz =0.341"B4+0.659"E3 15 0.57 0.57
8 P 003 =0.569*B4+0.431"E3 s
9 P 100,12 =0.5"B4+0.5"B5 v Pas =HB*E2
10 Py 5 =H7*E2
11 PIOO.S' =|8‘E3
12 PIDO.\S' =|7'E3
13
14
15 5-MIN | 15-MIN 60-MIN 2-HR 3-HR 6-HR 12-HR 24-HR
16 2-YEAR =H9 =H10 =E2 =E4 =E5 =B2 =E6 =B3
17
18 100-YEAR  |=H11 =H12 =E3 =E7 =E8 =B4 =E9 =B5

RAINFALL
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Discussion of Maps

Figures 19 through 30 present precipitation-frequency maps
for New Mexico for 6- and 24-hr durations for return periods
of 2, 5, 10, 25, 50, and 100 yrs. The isopluvial maps represent
the 360- and 1,440-min durations for the partial-duration series.
Data were tabulated for clock and ebservation-day intervals for
the annual series and were adjusted by the empirical factors given
in the ANALYSIS section.

Isoline interval, The isoline interval selected was designed to
provide a reasonably complete description of the isopluvial pattern
in various regions of the State. The intervals on the maps for the
24-hr duration are 0.2 in. for precipitation-frequency values up to
3.0 in., 0.4 in. between 3.0 and 5.0 in., and 0.5 in. over 5.0 in. For
the 6-hr duration, the isopluvial interval is 0.1 in. for precipitation-
frequency values below 1.6 in. at 2- and 5-yr return periods, below
2.0 in. at longer return periods, 0.2 in. for values to 3.0 in., and
0.4 in. abové 3.0 in. Dashed intermediate lines have been placed
between widely separated isolines and in regions where a linear
[interpolation between the normal isopluvial interval would lead to

. erroneous interpolation. “Lows" that close within the boundaries
of a particular map have been hatched on the low-valued side of
the isoline.

Importance of snow in precipitation-frequency values. The
maps in this Atlas represent frequency values of precipitation
regardless. of type. For many hydrologic purposes, precipitation
falling as rain must be treated in a different manner from that
falling as snow. The contribution of snow amounts to precipitation-
frequency values in New Mexico and theé Rocky Mountain States
(roughly Montana, Wyoming; Colorado, New Mexico, and Utah)
was investigated. In“this area, there were about 50 stations per,
state having 10 to 15 yrs of observations of snowfall as part of the
precipitation observing program. For each such station, two data
series were formed as discussed under Interpretation of Results,
Importance of Snow in Estimating Frequency Values. )

SEE

A ratio was formed of the 2-yr 24-hr value for the
taining maximum -annual amounts without regard *%
precipitation and the 2-yr 24-hr value for the series |
occurrences eliminated. Only five of the New Mexic
showed any difference between the two series, and at tw;-
the difference was less than 5 percent. Four of the stz :
differences were at elevations from 7,000 to 8,700 ft* !
the stations showing no difference between the two s
at elevations well over 8,000 ft. Therefore, elevatio. |
appear to be a factor. The fifth station (Sandia Cresté f
10,675 ft) has the largest ratio. It ig possible that at
over 9,000 ft snow occurrences may contribute as m? !
percent to the 2-yr 24-hr precipitation-frequency values, i
there are insufficient data to verify or further quantify thi

Two indirect measurements of the importance’.of & |
also considered. The first was the scasonal variation of ¢ i
of days with precipitation equal to or greater than 0.5¢
most maximum annual events exceed this threshold, it
sidered appropriate. In New Mexico, over 70 percént o"f,j-{
occur during the May through October period at ‘eleva |
6,000 ft, and over 80 percent of such days occur during.d
at elevations less than 6,000 ft. The second indirect me’
was the percentage of the maximum annual events that i
ing the May to October period. Even at elevations gn
6,000 ft, over 80 percent of the maximum annual-event;
ing this period. : g

The conclusion was drawn that, except as noted ab®
is not an important factor in the precipitation-frequency
New Mexico. i 'l e

T

Procedures for Estimating Values for ~_
Durations Other Than 6 and 24 Hrs

The isopluvial maps in this Atlas are for 6- and 21%_‘
tions. For many hydrologic purposes, values for other,

are necessary. Such values can be estimated using the 6-
O = ) b3
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we 11. Equations for estimating 1-hr values in New Mexico with statistical parameters for each equation

Mean of Standal

Corr. No, of computed error ¢

Regian of applicahility* Equation coeff. statians  stn. values estimal

(inches) (inche:

Mexico east of generalized Y, ==0.218 4 0.709[(X:1)(X:/X2)] 0.94 75 1.01 0.074
ast of Sangre de Cristo Range Y100 = 1.897 + 0.439[(X3)(Xa/X,)]

d Sacramento Mountains (1) — 0.008z .84 75 2.68 317

Mexico west of generalized Yz = — 0.011 -+ 0.942[(X,)(Xs/X2)] .96 86 0.72 .085

3st of Sangre de Cristo Range Yio0 == 0.494 - 0.755[(Xs)(Xs/X,)] .90 85 1.96 .290

d Sacramento Mountains (2)

*Numbers in parentheses refer to geographic regions shown in figure 18, See text for more complete description,

st of variables
== 2-yr 1-hr estimated value

.. == 100-yr 1-hr estimated value
== 2-yr 6-hr value from precipitation-frequency maps
== 2-yr 24-hr value from precipitation-frequency maps
== 100-yr 6-hr value from precipitation-frequency maps
= 100-yr 24-hr value from precipitation-frequency maps
== point elevation in hundreds of feet

¥

ips and the empirical methods outlined in the following sections.

e procedures detailed below for obtaining 1-, 2-, and 3-hr esti-
;s were developed specifically for this At.las The procedures
dbtaining estimates for less than 1-hr duration and for 12-hr

ration were adopted from Weather Bureau Technical Paper No.
U.S. Weather Bureau 1961) only after investigation demon-
ed their applicability to data from the area covered by this

las,

Procedures for estimating 1-hr (60-min) precipitation-fre-
-y values, Multiple-regression screening techniques were used

develop equations for estimating l-hr duration values. Factors.

idered in the screening process were restricted to those that
1 be determined easily from the maps- of this Atlas or from
ierally available topographic maps.
The 11 western states were separated into several geographic
ns. The regions were chosen on the basis of meteorological
| climatological homogeneity and are generally combinations of
v basins separated by prominent divides. Two of these geo-
aic regions are partially within New Mexico. The first- region
vith of the North Platte River Drainage and east of the Conti-
tal Divide and the generalized crestline of the Sangre de Cristo
je and the Sacramento Mountains. Easterm New Mexico
Jon 1, fig. 18) is part of this region. The second region is that
tion of the State west of this crestline. This region extends
vard through Arizona and northward to eastern Utah and
s Colorado. Equations to provide estimates for the 1-hr dura-
t for 2- and 100-yr return periods are shown in table 11, Also
1 are the statistical parameters associated with each equation.
lese equations, the variable [(X)(X,/X2)] or [(Xa)(Xs/X4)]
be regarded as thc 6- hr valie times the slope of the line con-

For Region 2,
; figure 18

As with any separation into .regions, the boundary can -
be regarded as the sharpest ‘portion of a zone of transition bety
regions. These equations "Have been tested for boundary dis
tinuities by computing ‘vlués using equations from both s
of the boundary. Differences’ were found to be mostly w
15 percent. However, it is suggested that when computing estim
along or within a few miles of a regional boundary computat
be made using equations’ applicable to each region and that
average of such computations be adopted. -

Estimates of 1<hr precipitation-frequency values for re
periods between 2 and 100 yrs. The 1-yr values for the 2- and ]
yr return periods can be plotted on the nomogram of figure i
obtain values for return periods greater than 2 yrs or less 1
100 yrs. Draw a straight line connecting the 2- and 100-yr va
and read the desired return-period value from the nomogran :

Estimates for 2- and 3-hr (120- and 180-min) precipital
frequency values. To obtain estimates of precipitation-frequi
values for 2 or 3 hrs, plot the 1- and 6-hr values from the Atla
the appropriate nomogram of figure 15. Draw a straight line 1
necting the 1- and 6-hr values, and read the 2- and 3-hr va
from the nomogram. This nomogram is independent of re
period. It was developed using data from the same regions use
develop the 1-hr equations.

The mathematical solution from the data used to dev
figure 15 gives the foIlowmg equations for estimating the 2-

3-hr values:

For Region 1,
figure 18

2-hr = 0.342 (6-hr) + 0.658 (1-hr)
3-hr = 0.597 (6-hr) + 0.403 (1-hr)
2-hr = 0.341 (6-hr) - 0.659 (1-hr)
3-hr = 0.569 {6-hr) + 0.431 (1-hr)

Estimates for 12-hr (720-min) precipitation-frequency val
To obtain estimates for the 12-hr duration, plot values from
6- and 24-hr maps on figure 16. Read the 12-hr estimates at
intersection of the line connecting these points with the 1
duration line of the nomogram,

Estimates for less than 1 hr. To obtam estimates for durat
of less than 1 hr, apply the values in table 12 to ;he 1-br value

3 PP VRGNNSO Iy JRY N U



lllustration of Use of Precipitation-Frequency
Maps, Diagrams, and Equations

To illustrate the use of these maps, values were read from
figures 19 to 30 for the point at 34°00’ N. and 106°00” W. These
values are shown in boldface type in table 13. The values read
from the maps should be plotted on the return-period diagram of
figure 6 because (1) not all points are as easy to locate on a series
of maps as are latitude-longitude intersections, (2) there may be
some slight registration differences in printing, and (3) precise
interpolation between isolines is difficult, This has been done for
the 24-hr values in table 13 (fig. 17a) and a line of best fit has
been drawn subjectively. In figure 17a, the data points appear to
fit the line rather closely. Had there been noticeable departure
from the line by any point, a new value would have been read from
the nomogram and adopted in preference to the original reading.

The 2- and 100-yr 1-hr values for the point were computed
from the equations applicable to western New Mexico (table 11)
since the point is west of the generalized crest of the Sangre de
Cristo Range and Sacramento Mountains, The 2-yr 1-hr value
estimate is 0.97 in. (2-yr 6- and 24-hr values from table 13); the
"estxmated 100-yr 1-hr value is 2.26 in. (100-yr 6- and 24-hr values
from table 13). By plottmg these 1-hr values on figure 6 and con-
necting them with a straight line, one can obtain estimates for
return periods of 5, 10, 25, and 50 yrs.

The 2- and 3-hr va.lues can be esumated by usmg the nomo-
gram of figure 15 or equations (5) and (6). The 1- and 6-hr values
for the desired return period are obtaired as’ above.-Plot these
points on the nomogram of figure 15 and connect them with a
straight line. Read the estimates for 2 or 3.hrs at the intersections
of the connectmg line and the 2- and 3-hr vertical lines. An ex-
ample is shown in figure 17b for the 100:yr return period. The

.100-yr 2-hr (2.48 in.) and 100—yr 3-hr (2 62 in.) values are in .

italics on table 13,

Duration (min) 5
Ratio to 1-hr 0.29 Q. 45 0 0. 79

(Adopted from Wﬁer Bureau Techglcal aper No. 40,
1961.)
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Duration (Hours) .
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7
1
7
1-hr 2-hr 3-hr  G-hr
2yr  0.97 127 ﬂ
5-yr 1.67 i
10-yr 1.97
E% 2.35 ¢
50-yr _ 2.61 |
100yr 226 2.48 2.62 2.90
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Figure 2.12.--1000-mb (100-kPa) 24-hr coﬁvergence PMP (inches) for 10 mi?
(26 kmé) for Au

st.  Values in parentheses are limiting values and
ae to fdfilitate extrapolation beyond the indicated gradient.




3 Figure 2.18.--Percent of 1000-mb (100-kPa) convergence PUP resulting
from effective elevation and barrier considerations.
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For the range of 6/24-hr ratios included in figures 2.25 to 2.27, depth-
duration values in percent of 24-hr amounts are found in table 2.7. The re-
gional ratio maps, and the depth-duration curves presented in figure 2.20 were
used in adjusting the major storm data to 24~hr amounts listed in table 2.1.

Table 2.7.--Durational variation of convergence PMP (in percent of 24-hr

amount) .
Duration (Hrs) Duration (Hrs)

6 12 18 24 48 72 6 12 18 24 48 72
50 76 90 100 129 150 66 84 93 100 116 124
51 77 90 100 128 148 67 85 94 < 100 116 123
52 77 90 100 127 146 68 85 94 100 115 122
53 77 91 100 127 144 69 86 94 100 115 121
54 78 91 100 126 142
55 78 91 100 125 140 70 87 94 100 114 120
56 79 91 100 124 138 71 87 95 100 114 119
57 79 92 _100 123 137 72 88 95 100- 113 118
58 80 92 100 122 135 73 88 95 100 113 11
59 80 92 100 121 134 74 89 95 100 112 117~

75 89 96 100 112 116
60 81 92 100 120 132 76 90 96 100 111 115
61 81 92 100 120 131 77 90 96 100 110 114
62 82 93 100 119 129 78 91 96 100 110 114
63 82 93 100 1138 128 79 92 97 100 109 113
64 83 93 100 117 126
65 84 93 100 117 125 80 92 97 100 109 113

Note: For use, enter first columm (6 hr) with 6/24-hr ratio from figures
2,25 to 2.27.

2.5 Areal Reduction for Basin Size

For operational use, basin average valués of convergence PMP are needed
rather than 10-mi2 (26 km2) values. Preferably, the method for reducing
10-mi2 (26-km2) values to basin average rainfalls should be derived from
depth-area relations of storms in the region. However, all general storms in
the region include large proportions ot orographic precipitation.

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

Figures 2.28 and 2.29 give depth—area relations that" reduce 10-mi2 (26-km2)
convergence PMP for basin -sizes up to 5, 000 m12 (12,950 km? ) for each month.
Areal variations are given for the 4 greatest (lst to 4th) 6-hr.PMP incre-
ments. After the 4th increment -ne reduction for basin size is required.
Application of these figures will become clear through consideration of an
example of PMP computation in chapter 6.
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Table 3.9,--Durational variation of orographic PMP

Latitude Percent of 24~hr value
°N

6 hr 12 18 24 48 72

42 28 55 79 100 161 190
41 29 56 79 100 160 189
40 30 57 80 100 159 187
39 30 57 80 100 157 185
38 31 58 81 100 155 182
.37 32 59 81 100 152 177
—F7 36 33 60+ 82 100 149 172
35 34 61 82 100 146 167
34 35 62 83 100 143 162
33 36 63 84 100 139 157
32 37 64 ~ 84 100 135 152

31 39 66 85 100 132 146

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

This chapter provides generalized estimates of local or thunderstorm prob-
able maximum precipitation:; By "generalized" is meant that mapped values are
given from which estimates of PMP may be determined for any selected drainage.

4.1.1 Region of Interest

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

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




6. PROCEDURES FOR COMPUTING PMP
6.1 Introduction

For estimating general-storm PMP for a specific drainage the maps, charts,
and tables required are in chapters 2 and 3. A stepwise procedure for using
these materials is given here with a computation form, table 6.1. This is
followed by an example of the computations for a selected drainage (table
6.2).

The stepwise procedure and computation form are set up to give general-
storm PMP for a given month. If the highest value over all months (called
the "all-season" PMP) is needed, it may be necessary to compute PMP for
several months and to then select the highest value.

The local-storm PMP for small drainages described in chapter 4 should be
compared with general-storm PMP for any drainage and the most .critical values
selected. Depending on hydrologic characteristics of a partlcular drainage,
its location, size, and the problem at hand, a 500-m1i2 (1,295~ km?2 )- local
storm, well placed on a drainage larger than 500 miz, may be the more critical "
of the two storm types. A step-wise procedure is given (sec. 6.3) for com- N
puting local-storm PMP, Part A gives the drainage average  PMP while part B
gives the areal distribution of PMP over the drainage, “A-¢dmputation form
is provided in table 6:3, for computing tliese estimates,  Table 6.4 is an
" example of these computations.,
Local-storm PMP also covers the Pacific drainapge of Cilifornia. General-
storm PMP for this region is given in HMR No. 36, with revisions (U.S., Weather )
Bureau 1969).

The procedures have been developed to give PMP in tenths of inches. Al-
though in some instances it may be possible to discriminate values from
figures and tables to hundredths of an inch or fractions of a percent, PMP .
estimates should be rounded to the nearest tenth of an inch. . 71

6.2 Steps for. Computing General-Storm PMP for a Drainage

A. Convergence PMP. The steps correspond to those in table 6.1.

1. Obtain drainage average 1000-mb (100-kPa) 24-hr 10-mi? (26—km2) con-
vergence PMP for month of interest from one of figures 2.5 to 2.16.

2. Obtain the 1000-mb (100-kPa) 24-hr 10-mi? (26-km? ) convergence PMP
réduction factor for effective barrier and elevatlon in percent from figure
2.18. :

3. Step 1 value times step 2 value gives barrier-elevation reduced 24-hr
10-mi? (26-km?) convergence PMP average for the drainage. -



s
LRIV

4. Determine drainage 6/24-hr ratio for month of interest from figures
2.25 and 2.27. Enter table 2.7 with this ratio to obtain 6-, 12-, 18-, 24-,
48-, and 72-hr valués in % of the 24-hr value.

5. Step 3 value times percents from step 4 provides convergence PMP for
durations of step 4 for 10 miZ (26 km? ).

6. Incremental lO-mi (26—km ) convergence PMP is obtained by successive
subtraction of values in step 5.

7« Areal reduction in percent for drainage area is obtained from figure
2.28 or 2.29 for the month of interest.

8. Values from step 6 times corresponding percents from step 7 are the
areally reduced incremental convergence PMP in inches (mm).

9. Accumulation of incremental values from step 8 gives drainage average
convergence component PMP for 6, 12, 18, 24, 48 and 72 hours.

B. Orographic PMP

1. Drainage average orographic PMP index for 24 hours 10 mi2 (26 kmz)
is read from one of figures 3.1la to d (foldout pages).

2. Atreal reduction factor in percent for drainage size is read from
figure 3.20.

3. To get seasonal adjustment, locate drainage on map for month of
interest, figures 3.12 to 3.17, and read average percent for the drainage.

4. Areally and. seasonally adjusted 24-hr orographic PMP in inches (mm) is
obtained by multiplying values from step 1 by percents from steps 2 and 3,

5. Durational variation of orographic PMP in percent of the 24-hr value
for 6, 12, 18, 24, 48, and 72 hours is read from table 3.9, which is entered
with the.latitude of the drainage (to the nearest 1°),

6. Orographic PMP in inches (mm) for listed durations results from
multiplication of values in step 4 by corresponding values in step 3.

C. Total PMP

1. Add corresponding convergence and orographic PMP values in steps A9
and. B6,

2. If PMP values are required for intermediate durations, plot 'a smooth
curve and interpolate.

3. Compare with the local-storm PMP,

Table 6,2 shows an example of the computation of general-storm PMP for the
month of October for the Humboldt River drainage above Dev1l's Gate damsite
in Nevada. The table is self-explanatory.
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Table 6.1.--General~-storm PMP computations for the Colorado River and Great

W

basin
Drainage 5 Area mi2 (kmz)
Latitude , Longitude of basin center
Month
Step Duration (hrs)
6 12 18 24 48 72
Convergence PMP a£;2
=pree- '
1. Drainage average value from
one of figures 2.5 to 2.16 in. (mm) :{;;RQAAAA-_
2. Reduction for barrier- )
elevation [fig. 2.,18] %
3. Barrier-elevation reduced ( WV%YZ:'[_E‘I: '\YU ;
PMP [step 1 X step 2] in. (mm) % .
4. Durational variation QE?VQ$£EZa-
[figs. 2.25 to 2.27
and table 2.7]. g ety S —_ {7 SAeeT
5. Convergence PMP for indicated
durations [steps 3 X 4] in. (mm) :
6. Incremental 10 mi’ (26 km2) }
PMP [successive subtraction
in step 5] in. (om):
7. Aréal reduction [select from
figs. 2.28 and 2.29] 74
8. Areally reduced PMP [step 6 X
step 7] ) in. (mm)
9. Drainage average PMP [accumulated
values-of step 8] in. (mm)
Orographic PMP
1. Drainage average orographic index from figure 3.1la to d. in. (mm)
2., Areal reduction [figure 3.20]} %
3. Adjustment for month [one of )
figs. 3.12 to 3.17] %
4. Areally and seasonally adjusted
PMP [steps 1 X 2 X 3] in., (mm)
5, Durational variation [table
3.4 P
6. Orographic PMP for given dur-
- ations [steps 4 X 5] ' in. (mm)
Total PMP
1. Add steps A9 and B6 - ime (mm)
2, PMP for other durations from smooth curve fitted to plot of computed data.
3. Comparison with local-storm PMP (see sec. 6.3).
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3.3.1.2.2 RAINFALL IN THE SIMPLIFIED PEAX Frow METHO
Dee 19557 (19%8) o

The Simplified Peak Flow method uses the 24-hour total depth of precipitation for the design
frequency event. Obtain the 24-hour rainfall depth directly from the appropriate Figure in
AppENDIX E.  For NMSHTD projects, there is no reduction factor applied to 2-year, 5-year,
and 10-year rainfal] depths. This represents a slight departure from the original SCS method
(SCS, 1985) adding a small measure of safety for frequent retun period events. -

The time distribution of rainfall is built into the Simplified Peak Flow method. This
statewide rainfall distribution varies from 45% to over 85% of the 24-hour rainfall occurring
in the peak hour of the storm as the Time of Concentration varies from 10 hours to 0.1 hours

respectively.

3.3.1.2.3 RAJNi‘ALL IN THE SCS UNIT HYDROGRAPH METHOD

Proper application of this method requires use of a 24-hour rainfall event with the peak
precipitation rate occurring at 6 hours. Rainfall data for the SCS Unit Hydrograph method
consists of 24-hour- point precipitation depths and a rainfall distribution. Point précipitation_

depths for the design'return period may be obtained directly from the Figures in APPENDIX E.

" For NMSHTD projects the rainfall distribution used with the SCS Unit Hydrograph methiod is

called the Modified NOAA-SCS rainfall distribution. This Modified NOAA-SCS rainfall
distribution is-a combination of the peak rainfall intensity defined-by NOAA, with an SCS
“Type Il-a storm rearrangement. NOAA 6-hour and 24-hour point precipitation values are
used to compute. rainfall intensities throughout the hypothetical storm. These rainfall

intensities are used to.construct a depth—duration—frequency curve. Incremental rainfall

depths are then reordered arourid the storm peak at’6 hours to create the Type I1-a

_ distribution.

The Modified NOAA-SCS rainfall distribution adjusts the peak hour rainfall intensity for
each location in New Mexico. Peak hour point precipitation ranges from about 55% to
almost 80%, depending on location. The original SCS method used a Type II-a distribution,
where “a" represents the ratio of the 1-hour point precipitation to the 24-hour point
precipitation, in percent. The SCS used a map (1973) to define areas of New Mexico where

' different rainfall distributions should be used. A Type 11-60, Type I1-65, Type II-70 or a
Type II-75 distribution were defined for different physiographic regions of New Mexico. The

procedure given in this manual results in a similar range of rainfall distributions which are
less generalized. A comparison of the Modified NOAA-SCS rainfall distribution with “a
values from the original SCS map (1973) shows similar values in most locations around the

state (Heggen, 1995, unpublished).

A manual method of computing the Modified NOAA~-SCS rainfall distribution is described
below. The NMSHTD Drainage Section has developed a spreadsheet to compute the

Modified NOAA-SCS rainfall distribution (NMRAIN.WK4), given the 6-hour and 2‘4—hv0ur‘ _

point precipitation values from Figures E~1 through E-12, or the current NOAA Atlas. ‘

PAGE NUMBER 3-16

NMSHTD DRAINAGE MANUAL DECEMBER 1995

Y



- shown in column §.

=

v
¥

Manual Rainfall Distribution Procedure:

Step 1

Compute the 5~minute through 24-hour depths as described in SECTION 3.3.1.2.1 for the
desired retumn frequency event. Enter the depth values in the rainfall DDF worksheet. Use
linear interpolation to find the rainfall depths assocxatcd with the time increments listed in
column 2 of Figure 3-6.

Step 2 . . ’ ‘ : j

Enter the interpolated depth valhc:s in"column 3 of the Worksheet. Subtract successive depth
values (row 2 minus row. 1 -TOw 3 mmus row 2, etc.) to obtain the incremental depth values
(column 4). :

>

Step 3

_ Copy incremental dcbth valucsfrom column 4 fo column 7 of the worksheet. The first value g

in column 4 is copied | to the cellin column 7 adjacent to the “rcarrangcd n” value of 1 found
in column 6, the secon’d valuc ifi*column 4 goes next to “marranged n” value of 2, etc.

Step 4

-The ﬁrst valuc in celumn 8 w111 bc thc same as the first value in column 7. Thereafter, j

values in column 8 increase by : the amount shown in column 7. Beginning at the top of the
sheet, add each incremental depth value in column 7 to the previous cumulative depth in 3

. column 8 to obtain the new value of cumulative depth for column 8. ~ 2

Column 8 now contams the ramfall distribution com:spondmg to the hyetograph time steps e |

Femerw o -t e
S — e o —

A
e
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The Modified NOAA-SCS
Rainfall Distribution Worksheet

©

1 2 3 - 4 5 - 6 7 8
Time Cumulative || Incremental Hyetograph Incremental | Cumulative l
(duration) Depth Depth - time period Rearranged Depth Depth
n (brs) _ (inches) (inches) (hrs) n (inches) (inches)
0 0 0.0 0 -10 19 I
1 25 ' 1.0 -2.0 17
2 50 2.0-3.0 15 I
3 15 3.0-4.0 13
4 1.0 4.0 -4.5 11 I
5 1.25 45-5.0 9
6 1.50 50 - 5.25 7 i
7 1.75 5.25 - 5.50 5
8 2.0 5.50 - 5.75 3 '
9 |...25 575-6.0 1 . I
10 |- :3.0 6.0 —6.25 2
IT 7 ¥ 335 6.25 - 6.50 4 l
12 4.0 6.50 - 6.75 6
B3] 50 | 675170 g i
141 60" 7.0-17.5 10
15| 1.0 75-80 12 .
16 8.0 8.0-9.0 14 '
17 9.0 9.0 - 10.0 16 I
18 10.0 10.0-11.0 18
19 11.0 11.0 - 12.0 20 .
20 12.0 12.0 - 14.0 21
21 '14.0 140 - 16.0 22 ’
22 16.0 16.0 — 18.0 23 .
23 | -18.0 18.0 - 20,0 24 -
24 | 200 20.0 - 22.0 25 l
25 22.0 22.0 - 24.0 26
26 24.0 '
Figure 3-6 -
Project Location: T:f)r:_dslg;d ) l
» m )
Computed by: Checked by: lzvls;?kz‘;t::‘
. . .
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URS ' EXHIBIT 4.7-2

CALCULATION COVER SHEET

Client: A‘-"cwﬂpv&k-a %"’«n e Project Name H‘\ /1@4 'p'-vg

Project/Calculation Number: Fo e \Ci.(wr'g H AI‘&\QQ\-\

Tie: _HEC- | RBemms Ceeses \[rre 'E?—F—Lwlct

Total Number of Pages (including cover sheet): 32

Total Number of Computer Runs: «

Prepared by:‘ ’-Q\'Trauo(x.— G)'—]o il \~r A Date: |G \_5\:"9 g2 _

Checked by: ° ‘ ; ‘ Date: 1o -1 _*a?_l_
e

Description and Purpdse:

Design Basis/References/Assumptions
‘A
Lee M
Remarks/Conclusions/Results:
Calculation Approved by: (é&p\% 7’70%{%% FE. ft' Fonndonie 27y 2062
S0 Clwi! /ﬁﬂl-‘ir_‘.‘_‘ Z ager/Date oAr ,9(_507‘ ad /A

h’;l\.‘.‘h /7

Revision No.: - Description of Revision: Approved by:

Project Manager/Date



Pond 5 spillway - selected depths
Worksheet for Trapezoidal Channel

Project Description

Project File c:\haestad\imw\aps1.fm2
Worksheet spillway0.5

Flow Element Trapezoidal Channel
Method Manning's Formula
Salve For Discharge

Input Data

Mannings Coefficient 0.040

Channel Slope 0.005000 f/fit
Depth 0.60 ~ ft
Left Side Slope 2.000000H: V
Right Side Slope 2.000000H:V
Bottom Width 210.00 ft
Results .

Discharge 235.69 cfs

Flow Area 126.72 ft2
Wetted Perimeter 212,68 ft

Top Width 212.40 ft
Critical Depth 0.34 ft
Critical Slope 0.033499 ft/ft
Velocity 1.86 ft/s
Velocity Head 0.05 ft
Specific Energy 0.65 ft
Froude Number 0.42 -

Flow is subcritical.

114:16 AM

Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708

(203) 755-1666

T o e sl

s

i 3
A"

FlowMaster v5.11 | r
Page 1 of 1 )



Pond 5 spillway - selected depths
Worksheet for Trapezoidal Channel

Project Description

Project Flle: c\haestad\ffmwiaps1.fm2
Worksheet spillway0.5
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Discharge
Input Data: , o
Mannings Coefficient 0:040
Channel Slope 0.605000 /4t
Depth 0:89; ft
Left Side Slope 2:000000 H: V¥
Right Side Slope . 2000000 H:V
Bottom Width 14500  #
Results
Discharge 162.82 cfs
Flow Area 87.72 ft2
Wetted Perimeter 147.68 ft
Top Width 147.40 ft
Critical Depth 0.34 ft -
Critical Slope 0.033532 ft/ft
Velocity 1.86 ft/s
Velocity Head 0.05 ft
Specific Energy 0.65 ft

- Froude Number 0.42

Flow is subcritical.

ez

111511 AM

Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

FlowMaster v5.11
Page 1 of 1



Pond 5 spillway - selected depths
Worksheet for Trapezoidal Channel

Praject Description

Project File c\haestad\fmwiaps1.fm2
Worksheet spillway0.5

Flow Element Trapezoidal Channel
Method Manning's Formula
Salve For Discharge

Input Data

Mannings Coefficlent ~ 0.040

Channel Slope 0005600 i/t
Depth 1.20 ft

Left Side Slope 2.000000H: vV
-Right Side Slope . .2.000000H:V
Bottom Width 145.00 ft
Results

Discharge 517.75 cfs

Flow Area 176.88 ft2

Wetted Perimater 150.37 ft

Top Width 149.80 ft

Chritical Depth 0.73 ft

Critical Slope 0.026036 f/ft
Velocity 2.93 f/s
Velocity Head . 0.13 ft

Specific Energy 1.38 ft

Froude Number: 0.47

Flow is suborifical.

09/16/02 3 .
11:15:01 AM Haestad Methods, Inc. 87 Brockside Road  Watsrbury, CT 05708 (203) 755-1668

FlowMaster v5.11
Page 10of1
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" FOUR CORNERS FLY ASH PONDS  *
»  JOB NO. .
EEF R ER R RN EE N EREARERRERER R RE RN R R EREE R EE]
DEVELOP THE RUNOFF HYDROGRAPH FOR THE FLY ASH PONDS
THE RAINFALL HYETOGRAPH IS FOR THE FMP STORM DERIVED USING THE SCS UNIT
HYDROGRAPH METHOD
CATCHMENT AREAS ARE MEASURED FROM THE SITE MAP PROVIDED BY APS
- LAG TIMES HAVE BEEN ESTIMATED AS BEING 60 PERCENT OF THE TIME OF CONCENTRATION
AS CALCULATED USING THE KIRPICH METHOD
THIS FILE MODELS THE EXISTING CONFIGURATION WITHOUT DIVERSION OF HEADWATERS
THE OVERFLOW STRUCTURE FROM POND 5 IS A SPILLWAY
IMPERMEABLE AREAS ARE DUE TO ESTIMTED STORMWATER PONDING AREAS
FILENAME: PMPNODIV.DAT
45 0LJANOT— 0 300
3
LKJ PONDS  DOND5 GFE  PONDS6 K
2 2 & 2 6 3
PMP 0 Q0
0.038 ©0.038 0.038 0.038 ©0.038 0.038 0.038 0.038 0.038 0. Q a
0.038 0.038 0.016 0.016 0.016 0.0l6 0.016 0.016 0.016 O.
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0.019 0.019 0.019 0,018 ©0.019 0.0l 0.019 0.019 0.019 0. ,
9.00  0.00 0.00 0.00 0.00 ©0.00 0.00 0.00  0.00 Q.
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0.00 0.00 0.00 ©0.00 ©0.00  0.00 0.00 0.00 0.00 oO.
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0.00 0.00 0.00 ©0.00 ©0.00 0.00 0.00 0.00  0.00 oO.
L
AREA UPSTREAM OF POND 5. NO DIVERSION OF UNIMPACTED STORMWATER.
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0 95 0 . N
0.17 - T ¥
pPMP == “
1
X
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5 m 0
0 95 N lﬁ
0.17 "fpee nl
PMP

1

J
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K [‘mwg %-Howe, 14 &
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HC 3

KK PONDS

KM EVALUATION OF STORAGE IN POND 5. .

KM QVERFLOW THROUGH A SPILLWAY, WITH MAXIMUM DEPTH OF 1.2 FT.

KM FLOWS ARE BASED ON A CHANNEL SPILLWAY WITH 0.5 PERCENT BOTTOM SLOPE

KM AND A SPILLWAY BOTTOM WIDTH OF 210 FEET.

KM OUTFLOW AT 5253 IS APPROXIMATED.

RS 1 STOR 0

sv 0 11.5 18.5 28.2 42.9 :

SE 5242 5250 5250.6 5251.2 5252 . . k-

sQ 0 0 236 749 1000 w——— = A - .

KK G Phe ‘*F’ s ::z} =
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KK  GFE -
KM  COMBINES THE SUBBASINS G, F, AND E WITH THOSE OF LKJ
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(_ K EVALUATION OF STORAGE IN POND 6. ALL RUNOFF CONTAINED, NO OUTFLOW.
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PLOOD HYDROGRAPH PACKAGE (MEC-1) - l U.S. ARMY CORPS OF ENGINEERS
SEPTEMBER 1990 x 2 HYDROLOGIC ENGINEERING CENTER
VERSION ¢.0 = 5 609 SECOND STREET
. - DAVIS, CALIFORNIA 95616
RUN DATE (9/16/2002 TIME 11:28:55 * o) {916) 756-1104

B R R e L LY EE T TY O e

L R Y e A

X X XHEXXXK XXX X
X X X X X X
X X X X X
KXXAXKK XXX X KAXAX X
X X X X X
X X X X X X
X X XOARXXX KEXXX XXX

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEG1l (JAN 71), HECIGS, HEC1DB, ANO HECLRW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP B8l. THIS IS THE FORTRANT? VERSION
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, .
DSS¢READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

MEC-1 INPUT PAGE 1
LINE 4 T T T T N LTI T (RPU SO L |

1 m R R T T T P R PP PR P PP TP

2 1D ¢ ARIZONA PUBLIC SERVICE ¥

1 10 [ FOUR CORNERS FLY ASH PONDS »

¢ ID * J08 wo. ‘ "

5 I A T L LT LT T I T T T TR PP

§ 1D

7 1D DEVELOP THE RUNOFF HYDROGRAPK FOR THE FLY ASH PONDS

a 1D

9 1D THE RAINFALL HYETOGRAPH IS FOR THE PMP STORM DERIVED USING THE SCS UNI
10 10 HYDROGRAPH METHOD

11 b3]

12 1D CATCHMENT AREAS ARE MEASURED FROM THE SITE MAP PROVIDED BY APS

1 ha:]

14 1D LAG TIMES HAVE BEEN ESTIMATED AS BEING §0 PERCENT OF THE TIME OF CONCE
15 ID AS CALCULATED USING THE XIRPICH METHOD

16 1D g
17 10 THIS FILE MODELS THE EXISTING CONFIGURATION WITHOUT DIVERSION OF HEADHW
14 1D

19 D THE OVERPLOW STRUCTURE FROM POND 5 IS A SPILLWAY

20 ID

21 0 IMPEAMEABLE AREAS ARE DUE TO ESTIMTED STORMWATER PONDING AREAS

22 1D

21 10 FILENAME: PMPNODIV.DAT

24 1T 45 01JaNCD 0 a0

25 10 3
26 vs LEJ  POND5  PONDS GFE  PONDG K

27 vy 2 2 2 5 3

28 24 pup 0 ]

29 eI 0.038 0.038 ¢.038 0.038 0.038 ©£.038 0.038 0.038 0.018 0.038
10 PI  0.038 0,028 0.01§ 0.016 0,016 9.8 0.016 0.016 ©0.015 0.016
kDS e 0.062 0.062 0.057 0.057 0,102 9.132 1.135 4.542 1,135 1.135
32 T 0.102 0.102 ©0.057 0.057 ©0.062 0.062 0.0)1 0.031 0.031 0.031
33 P 0.03a 0.038 0.038 0.038 ¢.038 0.%38 0.038 Q.03 0.038 0.038
i PT  0.038 0.038 0.019 0.013 0.019 0,019 0.019 0.019 @.019 0.019
15 PI  0.019 0.019 0.019 0.019 0.019 0.£19 0.019 0.01% ©0.019 0.019
36 PI  0.019 0.019 0.019 0,019 0.019 0.%1% 0.019 .0.019 ©0.01%9 0.019
37 PI  0.019 ©0.019 0.019 0.01%9 0.019 0.61% 0.019 0.019 0.01% 0.019
38 pPr  0.01% 0.019 0.019 0.019 ¢.019 9.01% 0.019 0.019 0.013 0.019
19 PI 0.00 0.00 ¢.00 0.00 0.00 6.9% 0.00 0.00 0.00 0.q0
40 FI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.a0 0.00 0.00
41 PI  -0.00 "0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
42 PIL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
43 P 0.00 0.00 a.00 0.00 -0.00 0.00 0.00 0.00 0.00 0.00
44 PIL 0,00 0.90 0.00 0.00 0.00 9.00 0.00 0,00 0.00 0.00
45 39 0.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 ¢.00 0.00
46 33 g.00 0.00 0.00 0.00 0.00 9.00 0.00 0.00 0.00 0.00
47 |34 0.99 0.00 0.00 0.00 0.00 6.0 0.00 g.00 0.00 0,00
48 PI 0.00 0.00 0.00 9.00 0.00 5,00 a.90 0.00 0.00 0,00
49 PI 0.09 0.00 0.00 9,00 0.00 0.0 0.00 0.00 ¢.00 0.00
S50 PI Q.00 0.00 0.00 0.00 0.00 0.Q9 0.00 0.00 0.00 0.00 <=
51 P 0.00 0.00 0.00 4,00 0.00 9.00 0.00 0.00 0.00 ¢.00
52 P 0.00 0.00 0.00 000 0.00 9.90  0.00 0.00 0.00 0.00
53 PIL 0,00 ‘0.00 0.00 9.00 0.00 0.00 0.00 0.00 0.00 6.00
54 PI 0.00 0.00 0.00 4.00 0.00 n.00 0.00 0.00 0.00 0.00
55 PL 6.00 ¢.00 0.00 6.00 0.00 0.0 0.00 0.00 0.00 0.00

N .HEC-1 INPUT PAGE 2
LINE )1 - FENURRPI NI DO PORY: MNPITON FOUNAFINT JTTOIA PRI SITORINT PSRN DI 1]

56 124 9.00 0.00 .00 1.00 4,00 0.00 2.20 0.00 ".00 €.00

57 eI .08 0.00 - 0.00 0.00 0,08 0.9¢9 2.90 .00 .00 9.00



58 24 .40 d9.00 0.h8 4,00 8,80 9.480 0.90 n.68 0_¢0 q.900
59 KR 14
60 XM AREA UPSTREAM OF POND 5. NO DIVERSION OF UNIMPACTSD STORMWATER.
&1 BA 8,189
62 L8 9 95 0
[}] o Q.53
&4 PR (3¢
65 W Py
b8 XK &
(34 X4 AREA UPSTREAM OF POMD 5.
8 A ©.16)
€3 Ls [ 9% FE )
10 U 4.%7
N PR PHP
n (4] 1
3 K& &
k] X% AREA EHCOMPASSED AY POND 5.
7% -1 9.0%52 :
1% LS 2 9% b-[1]
17 vo 0.35
kL] PR EMP
19 i 1
a0 23 LK .
8l XN COMBINES THE SUBBASINS L, X, AMD &
82 HE 3
) XX FONDS
94 KM | EVALUATION OF STORAGE IN POND §.
a5 ¥4 OVERFLOW THROUGH A SPILLWAY, WITH MAXIMUM REFTH OF 1.1 ¥7.
88 KM ' PLOWS ARE DASEZD ON A CHANNEL SPILLWAY WITK 0.5 PERCENT BOTTON 5SLOPE
a7 XM AND A SPILLWAY BOTTOH WIDTH OF 310 FEET.
L1 XM OUTFLOW AT 5253 I5 APPROXIMATED.
a9 s Q
‘90 3V ] 11.5 18.5 18.3 42.9
91 5B 5242 £250 5250.6 5251.12 5252
‘97 3Q 0 Q 238 743 10d0
43 XK 4
kY] K% AREA UPSTREAM OF POND 6.
95 I 0.027
36 LS 4 45 &
a1 v 0.17
58 123 217
929 1) 1
1 HEC»3 INSUT PAGE 3
Lrne TDoie 5 ¢+ wis ba sietets s Bhopriare aolaD Fo s amo e o s Bt v me Bo it ve - Thos v cap BB oo Bl L0
100 X %
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162 BA  B.082
in L [} 88 9
104 un. 0.x72
195 PR [£:5
196 P 1
107 wX L3 ]
1538 F¥  RREA ENCOMPASSER BY POND 6.
109 BA  0.2%0
110 LS 0 a8 140
11 w Q.25
112 PR e
213 Py %
04 K Gye
115 XX COMBINES THE SUBBASING G. ¥, AND ¥ WITH THOSE OF LKZ
218 HC 4
117 KK SFONDE
118 K EVALUATION OF STORAGE IN PONEZ 6. ALL RUNOFY CONTAINZED, NO OQUTPRLOW.
112 RS ; § ELEV $220 4
12¢ i 5.01 17.% 276.9 3%l §20.7 630.% 78%.8 3I4.6
121 SE 5216 5213 5220 %221 §232 5223 5224 5225
a2 5¢ 0 1] L] 17 o L} 0 L8000
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DEVELOP THE RUMOFF HYDROGRAPH FOR THE FLY ASH PONDS

THE RAINFALL HYETOGRAPH IS FOR THE BPM® STORM DERIVED USING THE SCS UNI
HYDROGRAPH METHOD

CATCHMENT AREAS ARE MEASURED FROM THE SITE MAP PROVIDED BY APS

LAG TIMES HAVE BEEN ESTIMATED AS BEING 60 PEACENT OF THE TIME OF CONCE
AS CALCULATEO USING THE KIRPICH METHOD -

THIS FILE MODELS THE EXISTING CONFIGURATION WITHOUT DIVERSION OF HEADW
THE OVERFLOW STRUCTURE FROM POND 5 IS A SPILLWAY
IMPERMEABLE AREAS ARE DUE TO ESTIMTED STORMWATER PONDING AREAS

PILENAME: PMPNQDIV.DAT
'

25 19 OUTPUT CONTROL VARIABLES
IBRNT 3 PRINT CONTROL
IPLOT ¢ PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
1T HYDROGRAPH TIHME DATA
NMIN 45 MINUTES IN COMPUTATION INTERVAL
IDATE 1JAN 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 100 NUMBER OF HYDROGRAPH ORDINATES

NDDATE 100AN 0 ENDING DATE
NDTIME 0815 ENDING TIME
ICENT 19 CENTURY MARK

COMPUTATION INTERVAL .75 HOURS

TOTAL TIME BASE 224.25 HOURS

ENGLISH UNITS

DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH INCHES

LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

USER-DEFINED OUTPUT SPECIFICATIONS

TABLE 1
vs STATION LKJ PONDS POND3 GFE POND& K
VV VARIABLE CODE 2.00 2,00 6.00 2.00 6.00 3.00 0¢ .00 .00 -00

CAE AT6 09T Gew wBT BN AEI F4E HHE AAE b TAZ S8 LES DAY ERE A4A EGU 262 Adw S48 06 FFG ASE Em® LED 2VE FIA 4F6 ewr ver swa

sem

sEsEwEETRvaRay

- .
59 KK L it
. .

Eemerreuessane

ARER UPSTREAM OF PFOND 5. NQ DIVERSION OF UNIMPACTED STORMWATER.
SUBBASIN RUNOFE DATA

61 BA SUBBASIN CHARACTERISTICS
TAREA .17 SUBBASIN AREA

PRECIFITATION DATA

64 PR RECORDING STATIONS e .
&5 P _ WEIGHTS 1.00
62 LS SCS LOSS RATE

STRTL .11 INITIAL ABSTRACTION

CRVNER 95.00 CURVE NUMBER

RTIMP .00 PERCENT IMPERVIOUS AREA
63 UD 5CS DIMENSIONLESS UNITGRAPH

TLAG .17 LuAG

PRECIPITATION STATION DATA

STATION TOTAL AVG. ANNUAL WEIGHT
MNP 10.91 .00 1.00

TEMPORAL DISTRIBUTIONS

STATION PMP, WEIGHT = 1,00
a4 .04 .04 .04 .04 .04 .04 .04 ;04 .04
.04 .04 .02 .02 +02 .02 .02 .02 .02 .02
.pé »08 .06 .08 .10 .10 1.13 4.54 1,13 .14
.10 .10 .06 J06 .06 .06 .03 .03 03 01
.04 .04 .04 .04 .0d .04 .0¢ .04 <04 .04
.04 .04 .02 .02 .02 .02 .02 .02 102 <02
.02 02 .02 »02 .02 .02 .02 +02 .02 +02
.02 .02 .02 .02 .02 .02 .02 .02 =02 02
.02 .02 .02 <02 .02 .02 .02 .02 .02 02
.02 .02 .02 .02 .02 .02 .02 .02 .02 <02
UNIT HYDROGRAPH
$ END-OF-PERIOD ORDINATES
108, 19, 6o 1, 0.

e San ase vex ey



TOTAL RAINFALL =

FEAKR FLOW
+ (cFs)
- 516.

B e www
e

66 KX

63 BA

71 ¥R
7T M

69 1S

70 uo

TOTAL RAINFALL =

FEAR rlow
* lcrs)
+ 116,

sws wmw wmws
wew

T3 K%

15 BA

=
HYDRCORARH AT STATION L
10,91, TOTAL LOSS = 61, TOTAL EXCESS = 10.30
g
TIME HAXIHUM AVERAGE FLOW '§
§-HR 24-HR 71-HR  224.25-HR &
{HAY 2k
ces)
21.00 148, 52, 15. 5.
LI5CHES) 3.138 9.147 10.290 10.300
(AC-FT} 73. 2. 93, 93, 9
CMILATIVE ABEX «, AT §Y ME
SRS WEE SRS 448 Ses See Ses sse WEw SEs Bed Gsa Sas s Ame ss FES Bas BEs S4S G%s Bes Be4 Bas 4Es bew ses why am = |
4
i
LR R R R R R R R R R T
- ‘ .

T T T

AREA UPSTREAM OF POND 5.
SUBBASIN RUNOFF DATA

SUBBASIN CHARACTERISTICS
TAREA «10 SUBBASIN AREA

PRECIPITATION DATA

RECTRDENG STATIONS
WEIGHTS .

SCS LOSS RATE ) H
STATL +11  THITIAL ABSTRACTION i'

PP
1.90

CAVNBR 95,00 CURVE NUMBER
T ATINP 24.00 PERCENT IMPERVIOUS ARRA
SCS DIMENSIONLESS UNITGRARH
TLAG L AT s
PRECIPITATION STNTIOR OXTA
STATION  TOTAL AV, ANNUAL  WEIGHT 1
PHP 10.91 .09 1.00 :
TEMPORAL DISTAISUTIONS -
STATION PMP, WEIGHT =  1.00
.04 o4 .08 L0t .04 .0¢ 04 .08 .04 04
.04 .04 .02 .02 .02 .02 .02 .02 .02 .02 . 2
.05 Z0§ 06 -08 10 10 113 4.54 1.13 1.1
.10 .10 .06 .06 .06 .06 .03 .03 03 .03,
.04 ot 0 -0 .04 .04 od .04 04 04 i
.04 -04 .02 .02 .02 .02 .02 .02 .02 .02
.02 .02 .02 .02 02 .02 02 .02 02 L0z
.02 .02 .02 .02 .02 .02 .02 .02 .02 .02
.02 .02 .02 02 .02 .02 .02 .02 .02 .02
.02 .02 .02 .02 .02 [02 02 02 .02 .02 :
3 T K E
5 END-OF-PERIOD CROINATES
5€. 18. 4. 4. 0.
van I
HYDROGRAPH AT STATION ¥ i
10.9%, TOTAL LOSS » .46, TOTAL EXCESS =  10.45
TIHE HAXINUN AVEAAGE FLOW
£-HR 24-HA 71-HR  224,.25-HR
{m)
(cFs) ) : ]
21.00 9L, 5. 10, 3,
{INCHES] §.142 9.208 10,490 10,446
tAC-£T) 4s. 1. 57. .
CUMULATIVE AREA = .10 g NI :
¥d
SRS SET FEE EEE FES BEE SRR SRS SEE EEE BEE ERE SEE RER SEF FEF AEE FEE SEE BEE SEs Ses BEN mes BeF A E AR SER e 4
- -
L d - -
. . -
ARZA ENCOMPASSED BY POND 5.
. 5
SUBBASIN RUNOPF DATA
SUBBASIH CHARACTERISTICS
TAREA .05 SUBBASIN AREA
PRECIPITATION DATA »
s




3% 8 RECGRDTNG STATIONS e
I W WELGHTS 500
7§ &S 5C§ LOSS WATS
STATL _LE INITIAL ABSTRACTION
CAVNER - 95, CURVE KUMBEZR
RTINP 40,00, PERCENT IMPERAVIOUS AAEA
77 U B3 DINENSIONLESS UNITCRARH
“TLAG: .25 LAG.
PRECIPITATION STATION DATA
ETATION  TOTAL  AUR XDUAL  WEIGHT
~-pMp 10.91 R H 1.00
TEMPORAL: DESTREISUTIONS. -
STATION PP, WEIGHT = 1.00
W04 04 .04 04 .04 .04
04 .04 .02 .02 .02 02
.05 .08 .08 06 .10 10
.10 .10 08 .08 .05 08
.04 04 04 .04 .04 .04
04 04 .02 .02 .02 .92
.02 ,02 «02 .02 .02 .02
.02 .02 .02 .02 .02 02
02 .01 02 .02 .02 02
02 102 © .02 .02 .02 .02
UNIT HYCACGAARH
5 END-QOF-PERIOD ORDINATES
3% 9. 2. 0. 0,
ave .es
HYDROGRAPR AT STATION g
TOTAL RAXNFALL = 10,91, TOTAL LUSS = «12, TOTAL EXCEZES = 10.79
PEAR FLOW TIME HAKINUM AVERAGE FLOW
G-HR 24-HR 72-HA  224.25-HR
+  lCFS) (HR)
(CFs) .
& 16L. 21.00 46, 13. 5. 2%
| INCHES) 8.288 $.34) 10.702 10,788
(AC-FT) 3. 26. J0, 0.
CUMULATIVE AREA = 05 5Q MT

ST SR SEY SES SR SNE SRS SET KNF SEE SET SRS SWT U BNE FAS SUS SAN uee sus sad SuE ssE svs ess see ase

.ea

T

80 XK £
&

s -

BEsssRsbERREES

B2 HQ

PEAK FLOW
¥ (CFS)
* $93.

COMBINES THE SUBBASING L, X, AND &

WYDROGRARH COKBIRATION - ’
rconr .1 MIMBER OF HYDRCGRAPNS TO COMBINE
e o s e
HYDROGRAPH AT STATION LRy
TIHR HAXIHUM AVERAGE FLOW
) 6-HR 24-HR F2-HR 224.25-HR
(A
{CFrs)
21.00 285, a0, 30. 10.
{INCHES) 8.115 9.197 10.383 10,424
REGE ] 141, 159. 179. 180,
CUMULATIVE AREA = .32 5Q Mx

("

L0d
.02
11
«0)

02
02
.02
«02
.02

FAE wes sas sws see

BOE 8% WAS 483 FIT AP See WES PET SEE S8R SRS NN SEE Sue esd SB Be4 #er SAN ees daw mua pas ks e sEe see sea wee awa wha

srssssrssasnas

8) KX .

PONDS =

sesssraTEnEny

89 Ra

EVALUATION OF STORAGE IN POND S,

OVERFLOW THROUGH A SPILLWAY, WITH MAXIMUM DEFTH OF 1.2 7.
PLOWS ARE BASED ON A CHANNEL SPILLWAY WITH 0.3 PEACENT H0TTOM SLopz

AND A SPILLWAY BOTTOM WIOTH OF 210 FEET,
OQUTFLOW AT 5251 IS APPROXIMATEIO.

HYDAOGRARI ROUTING DATA
SYORAGE ROUTING

N5TPS % NUMBER OF SUBREACHES
Imie STOR  TYPE OF INITIAL CONDITION



RSVRIC »00 INTTIAL CONDITION
X »@0 WORKING R AND D COEFFICIENT
9¢ sv STORAGE .0 11.5 18.5 28.2 42.9
91 sE ELEVATION 5242.00 5250.00 5250.60 5251.20 5252.00
92 sQ DISCHARGE Q. Q. 236, 749. 1000,

*** WARNING °*** MODIFIZD PULS RQUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN

seow

0. TO 749.

THE ROUTED KYDROGRAPH SHOULD BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS .
THIS CAN BE CORRECTED BY DECREASING THE TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.)

sew swe Ize

HYDROGRAPH AT STATION

are e

PONDS

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6§-HR 24-HR T2-HR 224.25-HR
* {CFs) {HR)
(CF5}
+ 758, 21.75 281, 79. 28. 9
{INCHES) 4.066 8.938 9.75% 9.758
(AC-FT) 1319. 154, 169. 1639,
PEAX STORAGE TIME MAKXIMUM AVERAGE STORAGE
6-HA 24-HR 72-HR 224.25-HR
+ {AC-FT) {HR)
29. 21.75 18. 1. 12. 11.
PEAK STAGE TIME MAXIMUY AVERAGE STAGE
6-HR 24-HR 72-HR 224.25-HR
+ {FEET) (HR)
5251.22 21.75 5250.51 5250.15 5250.05 5249.53
CUMULATIVE AREA = 212 sQ M1

TS 420 G4m Ak SEP PEB AT YN VI res
322

FrvwEE R bRy

£ *
33 KK o G *
* -

ssssssssrasans

AREAR UPSTREAM OF POND 6.

SUBBASIN RUNOFFP DATA

eF9 dee 43e een

vee sax

95 BA SUBBASIN CMARACTERISTICS
TAREA -03 SUBBASIN AREA
PRECIPITATION DATA
$8 ER RECORDING STATIONS pHP
93 pwW WEIGHTS 1.40
96 LS SCS LOSS RATE
STRTL .11 INITIAL ABSTRACTION
CRVMBR 95.00 CURVE NUMBER
RTIME -00 PERCENT IMPEAVIOUS AREA
37 UD SCS DIMENSIONLESS UNITGRAPH
- LAG
PRECIPITATION STATION DATA
STATION TOTAL AVG. ANNUAL WEIGHT
pyp 10.91 .00 1.00
TEMPORAL DISTRIBUTIONS
STATION PMP, WEIGHT = 1.00
.04 .04 .04 .04 .04 .04
.04 .04 .02 .02 <02 .02
.06 .06 .06 .06 .10 .10
.10 .10 .06 .06 .06 .08
.04 .04 .04 =04 .04 204
.04 .04 .02 .02 502 »02
,02 © .02 .02 .02 L02 .02
.02 .02 102 02 .02 202
.02 .02 .02 .02 .02 +02
.02 .02 .02 .02 .02 .02
UNIT HYDROGRAFH
5 END-QF-PERIOD ORDINATES ~
17. 5. x. o f
LR ase *ee LER} LL R
HYDROGRAPH AT STATION G
TOTAL RAINFALL =  10.31, TOTAL LOSS = .61, TOTAL EXCESS = 10.30
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6~AR 24-HR 72-HR 224.25-HR
* {Crs) (HR)
(CFS)
+ a2, 21.00 © 24, 8 i 2, 1,
{INCHES) 8.136 9.147 10.290 10.300

FO9 ewes sem AFa Sra H4e EP% T34

—

NMJ, “l’b w2 ;Lru ‘L-'WC
i';—{'xfu@l ‘o Y+‘ P P ;"‘f"“}-'
Capieea ,'? e low ma( m+p[o@
L\xirﬁ:;fhs do net apperr teo sl
ey (oS, C).,.:‘"F(au_a ar\l G
-Q(‘ fbu_i‘r\ .gualua.‘\'t"a(‘\ a-‘c giruc ure,
sztinﬁ —r Ao :‘mfae'?‘ + ou—é!‘a“

Vorlgpw-g, )

BV E3e 6K £26 Gat A4m tav mee

.64 .04 .04 .04
.02 .02 .02 .02
1.13 4.54 1.13 114
.03 .01 .03 ,01
.04 .04 .04 .04
.02 .02 .02 (02
.02 02 .02 .02
.02 .02 .02 .02
.02 .02 02, .02
.02 .02 a2 .02

ey

N

Py WO v

B s
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(AC-FT) 12. 13. 15. 15.
CUHULATIVE AREA = .03 8Q HI N

BEE AW BEF BEE FAF BEE WES EAF WAS AEE KRR SEE S0E WEW FEN A4 GRS SEF AT KEe e SET B SEe AET NES SEe Sew BwE EWE REE AR

100 xx > r =«

BrssirsERR e

AREA UPSTAIAM QF POND 6.
SUBBASIN RAUNOFF DATA

102 aa SUBBASIN CHARACTERISTICS
TAREA .06 SUBBASTIN AREA

PRECIPITATION DATA

105 pr RECORDING STATIOMNS £HP
106 ¥ WEIGHTS 1.00
103 us 5CS LOSS RATE
STRTL +11 INITIAL ABSTRACTION
CRVNBR $5.00 CURVE HUMBER
ATINP .00 PERCENT IMPERVIUUS AREA
104 UD SC5 DIMENSIONLESS UNITGRAPH
TLAG +A7 LAG

FRECIPITATION STATION DATA

STATION TOTAL AVG. RHNUAL WEIGHT
PHP 10.5%1 .00 1.00

TEMPORAL DISTRIBUTICNS

STATION PHP, WEIGHT =  1.00
.04 0 .04 .04 04 .04 04 04 04 L0
04 04 .02 .02 .02 01 .02 .02 .02 .02
06 .06 .06 .96 .16 .10 1.1 4.54 1.1 .14
.10 .10 06 .05 L0 .06 - .03 .03 .03 .03
L0¢ .04 .04 .04 0% .04 .03 .04 04 .04
L4 04 L0z 02 .02 .02 .02 .02 .02 .02
-2 i .02 .02 .02 .02 .02 .02 .02 .02
.02 .02 .02 .02 .02 .02 .02 .02 .02 .02
.02 .02 .02 .02 .02 .02 02 .02 .02 .02
.02 .62 .02 .0z .02 .01 .02 .02 .02 .02
UNIT HYDAOGRARH ’
5 END-OP-PERIOD ORDIMATES: .
iR 11, 2. 9. 0.
LR s e LR LR R
HYDROGRAPH. AT STATION ¥
TOTAL RAINFALL =  10.91, TOTAL LOSS = .61. TOTAL EXCESS = 10,30
PEAK PLOW TINE MAXTMUM AVERAGE PLOW
5-HR 24-HR 72-HR  324.25-HR
+  (cES) (HR)
{ersy

+ 180, 21.00 52, 15. 5, 7.
(TNCHES) 5.136 9,147 10.290 . 10,300 '
(KE-1T) 25. 29. 2. %
CUMULATIVE AREA = .06 SO I

WA SeE EEE AR FeY mEs SRR KRS SEE BEG ARF SR Bwa FHS GEE GRE SEE BES SEE FES A8 EEE S48 SFE SE4 weE sEs wEs e GaE sas wwe

waw

srrsavEEsenaEy

107 8K x g *
. . ’

FansssEsRRes e

AREA ENCOHPASSED BY POND 6.
SUBBASIN RUNGFP DATA

109 2a SUBBASIN CHARACTEAISTICS

TAREA .22 SUBBASIN AREA

PRECIPITATION DATA .

112 ®R RECORDING STATIONS PHP
MY WEIGHTS 1.00
110 b5 5CS LO3S AATE

STATL .11 INITIAL ASSTRACTION

CRVNER 95,00 CURVE NUMBER

RTIMP . 100.00 PERCENT IMPERVIOUS AREA

111 uo SC5 DIMENSIONLESS UNITGRARH
TLAG +25 LAG



PRECIPITATION STATION DATA

STATION TOTAL AVG. ANNUAL WEIGHT
PP 0.9 +00 1.00

TEMPORAL DISTRIBUTIONS

STATION FPMP, WEIGHT = 1.00
-04 04 .04 L0d .04 .04 .04 0 W04 04
-4 04 .02 .02 .02 02 .02 .02 +02 <02
.06 ,06 .08 +06 L10 +10 1.13 4,54 113 1.14
.10 .10 .06 «06 .06 .06 .03 :03 03 403
04 .04 .04 «04 A4 .04 .04 04 .04 04
.Da .04 .02 .02 .02 .02 02 .02 .02 02
.02 ~ .02 .02 .02 .02 .02 .02 .02 -02 .02
.02 .01 .02 .02 .02 <02 -02 02 .02 02
.02 .02 .02 .02 .02 .02 «02 .02 .02 02
.02 .02 02 02 02 02 -02 02 +02 02
UNIT HYDROGRAFPH
5 END-QOF-PERIOD ORDINATES
141, 9. B 2. 0.
es s ome san ses
HYDROGRAPH AT STATION E
TOTAL RAINFALL = 10.91. TOTAL LOSS = .00, TOTAL EXCESS = 10.91
PEAK FLOW TIHE HAXIMUM AVERAGE FLOW
G=HR 24-HR 71-MR 224.25-HR
* (CFS) {HR)
\CF5)
+ [ 1: 50 21.00 - 197. S6. 1, 7.
(| INCHES) 8.328 9.313) 10,820 10.907
(AC-FT) 98. 110, 127. 128,
CUMULATIVE AREA = <22 50 MI

Bew mmw EE® Bes BEs S48 SR BAE SEE AEE AEE KR4 SEE SES AT AN SEE G80 AEE BE8 WES AN S48 GEE ARE See ks ses @

Fesmasssananan

. 3
114 ER . GFE *
. v
B ERERARARE YRS v
COMBINES THE SUBBASINS G, F, AND E WITH THOSE OF LKJ
116 HC HYDROGRAPH COMBINATION
ICOME 4 NUMBER OF HYDROGRAPKS TO COMBINE
S
o e
HYDROGRAPH AT STATION G‘FB
PEAK FLOW TIME HAXIHUM AVERAGE FLOW
§=HR 14-HR 72-HR 224.25-HR
+  lcFs) (HR) )
tces)
v+ 1651 21,00 553, 154. 57. 19.
{INCHES) 8.155 9,071 10.171 10,234
{AC-FT) 274, 105. 342. 344,
CUI@ULATIVE ARBA = .63 SQ MI

Mes wes Bws wed SEE BEE SEE S84 NS BEE SEE s4w SEs sEs EEE Ees

sae

FAIPEFXRTEINAES
. .
117 ¥ x PONDE  *
. .
e

EVALUATION OF STORAGE IN POND &. ALL RUNOFF CONTAINED, NO OUTFLOW.

HYDROGRAPH ROUTING DATA

119 RS STORAGE RCUTING
NSTPS 1 NUMBER OF SUBREACHES
ITYP BLEV TYPE OF INITIAL CONDITION
RSVRIC 5220.00 INITIAL CONDITION
X .00 WORKING R AND O COEFFICIENT
120 sv STORAGE 5.0 77.5 276.9 194.1 520.7 850.9 782.8 g14.6
121 s ELEVATION 5216,00 S218.00 5220.00 ' 5221.00 5222.00 522).00 5224.00 5225.00
122 5Q DISCHARGE a. a. 0. a. . 0. Q. 10000.
rou ;
*ss YARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE POR QUTPLOWS BETWEEN 0. 70 10000.

THE RQUTBD HYDROGRAPK SHOULD BE EXAMINED POR OSCILLATIONS OR OUTFLOWS GREATER THAN PEAK INFLOWS,
THIS CAN BE CORRECTED BY BZC’R“SI’NG THE TIME INTEAVAL OR INCREASING STORAGE {(US2 A LONGER REACH,)

£ No ow‘—f{,w ‘p('om ara\ G. 0nl COr\cdl’HJ. w 1LL vo(uw
TLJ«-C 'parﬁ ¢ wo(/\-t/l -L-rfs no‘(’ltmpd._a"\' HS‘:...H-;

ae mws was wes

BE sws EEN BE® S VES S8V EAE SAN EER BAG FRE K Ses saw BeE

o

e s

Bruryere
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PEAX FLOW TIME
+ {CF5) (HR)
+ 0. 75

PEAKX STORAGE  TIME
+ {(AC-FT) (HR)

621. 78.00
PEAK STAGE TIME
+ {FEET) (HR)
5222.7 717.25
T
OPERATION
»
HYDROGRAFH
-
HYDROGRAPH
.
HYDROGRAPH
+
3 COMBINED
hd
ROUTED TO
¥
+
HYDROGRAFH
+
HYDROGRAPH
>
HYDROGRAPH
+
4 COMBINED
-
ROUTED TO
S
+
1TABLE 1 STATION
PER DAY MON HRMN
1 1 JAN 0000
2 1 JAN 0045
) 1 Jan o110
4 1 JaN 0215
5 1 JaN 0300
3 1 JAN 0345
? 1 JAN 0430
8 1 JAN 0515
9 1 JAN 0600

10 1 JAN 0645

11 1 JAN 0730

12 1 gaN 0815

13 1 JgaN 0900

14 1 JAN- 0945

15 1 JaN 1030

16 1 JAN 1115

17 1 JAN 1200

18 1 JAN 1245

19 1 JAN 1330

20 1 JAN 1415

21 1 JAN 1500

22 1 JAN 1545

23 1 JaN 1630

24 1 JaAN 1715

25 1 Jan 1800

26 1 JAN 1845

27 1 JAN 15930

28 1 JAN 2015

29 1 JanN 2100

o 1 JaN 2145

11 1 Jan 2230

12 1 JAN 2315

EE! 2 JaN 0000

14 2 JAN (045

EL] 2 JAN 0110

16 2 JAN 0215

37 2 JAN (0300

38 2 JAN 0145

AT

AT

AT

HYDROGRAPH AT STATION

(CFS)

{INCHES)
(AC-FT)

6-HR
9.
+000
a.

6-HR
621.

&§-HR
5222.17

CUMULATIVE ARER =

STATION

LKJ

BONDS

GFE

POND4&

LXJ
FLOW.

10.83

PEAK
FLOW

516.
316,
161,
993,

756,

82,
180.
684,

1651,

PONDS
FLOW

13.9)

sew e

PONDG

MAXIMUM AVERAGE FLOW
24-HR

.000
0.

72-HR 224.25-MR

Q. 0.
.00 «000
Q. a.

MAXINUM AVERAGE STORAGE
24-HR

621.

72-HR 224.25-HR
621. 582,

MAXIMUM AVERAGE STAGE
24-HR

5222.717

.63 SQ HMI

TIME IN HOURS,

FLOW IN CUBIC FEET PER SECOND
AREA IN SQUARE MILES

TIME OF

P

21.

21.

21.

21.

21.

21,

21.

21

21

B
5TO!

BEAK

L]

00

00

0a

15

oQ

00

.00

.00

k-1

ONDS5
RAGE

72-HR 224.25-HR
5222.78 5222.45

RUNOFF SUMMARY

AVERAGE FLOW FOR MAXIMUM PERIOD

6-HOUR 24 -Hour
148. 42.
91, 25.
46. 13.
285. 80.
281, 78.
24, 7.
52, 15.
137. 56.
553, 154,
Q. Q.
GFE PONDG

FLOW STORAGE

.00 276.90
5.34 277.07
6.84 277.44
7.14 277.88
7.40 278.133
7.69 278.79
7.96 27%.28
a.19 279.78
g.1a 280.29
4.55 280.82
a.69 2B1.35
4.81 281.89
4.91 262.44
5.11 282.88
4.06 283,14
3.86 281,41
3.8 283,65
.84 283.88
l.86 284.12
1.87 284.36
.88 2684.60

12.25 295.10
14.68 285.94
14.3) 286,84
14.25 287.72
22.68 288.87
25.14 280.35
335,21 301.52
1650.88 363.07
1237.19 452.58
§91.55 512,35
311.52 543.44
113.40 556.61
51.28 561.71
34.25 564.136

32.75 566.44

31,4 568.49
24.18 §70.27

72 -HOUR

14.

10.

3a.

28.

21,

57.

BASIN
AREA

.17

.10

.05

232

.32

.03

.06

.22

.63

.63

MAXIMUN
STAGE

5251.22

5222.77

TIHME OF
HEX STAGE

21.75

77.25
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PER DAY
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STATION

MON  HRMN

JAN 1130
JAN 1415
JAN 1500

JAN 0215

STATION

MON HRMN

JAN 0100
JAN 0345
JAN 0430
JAN 0515
JAN 0600
JAN 0645
JAN 07130
JaN 0815
JAN 09200
JAN 0945
JAN 10310
JAN 1115
JAN 1200
JAN 1245
JAN 13130
JAN 1415
JAN 1500
JAN 1545
JAN 1630
JAN 1715
JAN 1800
JAN 1845
JAN 1910
JAN 2015
JAN 2100
JAN 2145
JAN 2210
JAN 2315
JAN 0000
JAN 0045
JAN 0110
JAN 0215
JAN 0100
JAN 0345

9.05

8.69

8.62
10.07
10.48
10.55
10.57
10.57
10.57
10.57
10.57
10.57

LKJ
FLOW

10.57

9.85
8.85
8,65
3.36
10.29
10,52
10.56
10.57
10.57
10.57
10.357
10.57

PONDS
FLOW

11.79
11.76
11.76
11.78
11.a1
11.81
11.81
11.81
11.81
11.81
11,81
11.81

PONDS
STORAGE

il.81
11.81
11.81
11.7s
11.68
11.66
11.66
11.66
11.66
11.66
11.66
11.66

11.50

10.29
10.29
10.29%
19.29
10.29
10.29
10.29
10.29
10.29
10.29
10.29
10.29

GFE
FLOW

571.59
372.69
573.74
574,85
576.08
577.32
578.59
579.87
581.14
582.42
583.69
584,97

PONDE&
STORAGE

611.06
611.69
614.1]
614,97
615.61
616.25
6§16.88
617.52
§18.16
618.80
619.43

PONDE
STORAGE

620.07
62Q.53
620.70
620.74
6§20.75
620.75
620.75
6§20.75
620.75
6§20.75
620.75
620.75
6§20.75
620,75
620.75
620.75
620.75
620.75
620.75
620.75
620.75
6§20.75
820,75
620.75
620,75
620.75
620.75
620.75
620.7S
620.75
620,75
620.75
620.75
620.75
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1TABLE 1
{CONT.)

PER

151
152
153
154
153
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

200

DAY

L gV R VYT

1TABLE 1
(CONT.)

PER

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
223
229
230

DAY

el i B R B R R R R N B R B R A N B S S P Sy

qgqqqa4qmmmmmmmmmmg@ﬁmmmmmmwhmmnmmmmmmmmmm

1245
1330
1415
1500
154§

STATION

JAN

0215
0100
0345
0430
0515

STATION

PONDS
STORAGE

11.50
11.50
11.50
11.50

11.50

11.50

PONDS
STORAGE

GPE
FLOW

620.75
§20.75

PONDE
STORAGE

620.75
620.7S
620.75
620.75
6§20.75
620.75
620.75
§20.75
6§20.75
620.75
620.75
620.75
6520.75
§20.75
620.75
620.75
620.75
620.75
620.75
620.75
620.75
6§20.75
6§20.75
6€20.75
620.75
620.75
620.75
620.75
620.75
620.75
6§20.75
620.75S
6§20.75
620.75
620.75
620.75
620.75
620.75
620.75
620.75
620.75
6§20.75
620.75
§20.75
6§20.75
620.75
620.75
6§20:75
6§20.75
620.75

POND6
STCRAGE

620.75
620.75
620.75
6§20.75
620.75
620.75
620,75
620.75
620.75
620.75
6§20.75
620.75
620.75
620.75
6§20.75
§20.75
620.75
6§20.75
620.15
620.75
§20.75
620.75
620.75
620.75
620.75
620.75
620,75
620.75
620.75
§20.75



231 F JaN 0430 ]
232 4 JAN 051S 00
231 4 JAN 0800 +00
214 4 JAN 0645 90
215 4 JaN 0730 -90
236 8 JAN 081§ 98
2137 4 JaN 0900 .09
238 4 JAN 0945 -0q
239 3 JaN 1010 .00
240 4 JAN 1115 .00
241 £ JAN 1200 .90
242 4 JAN 1245 00
241 § JAN 1330 ~04
244 4 JaN 1415 L0
245 § JaN 1500 .90
246 4 JAN 1545 .00
247 & JAN 1630 09
248 4 JAN 1715 .80
243 ). JAN 1300 R ]
250 ¥ JAN 1845 00
1TABLE 1 STATION LRJ
{CONT.) FLOW

PER DAY MON HRMN

251 8 JAN 1930 00
252 8 JgAN 2015 00
253 8 JaN 2100 00
254 8 JAN 12145 .00
255 8 JAN 2230 60
156 8 JAN 21315 00
257 9 JAN 0000 a0
258 9 JAN 0045 0Q
259 9 JAN 0130 00
260 3 JanN 0215 aa
261 3 JAN 03100 Qo
162 9 JAN 0145 0Q
261 3 JAN 0410 a0
264 9 JaN 0515 .00
265 9 JAN 0600 20
266 9 JAN 0645 Qa
267 9 JAN 0710 a0
268 9 JAN 0815 00
269 5 JAN 0900 oo
270 9 JAN 0945 aQ
271 9 JAN 1010 00
272 9 JAN 1115 00
273 9 JAN 1200 00
274 9 JAN 1245 .00
275 9 JAN 1330 00
276 9 JAN 1415 oo
2717 9 JAN 1500 00
278 9 JAN 1545 00
279 9 JAN 1630 1]
280 3 Jan 1715 [\v)
281 9 JAN 1800 00
182 9 JAN 1845 00
283 9 JAN 1910 00
284 9 JAN 2015 oo
285 9 JAN 2100 00
286 9 JAN 2145 Qg
237 9 JAN 2230 00
248 9 JAN 12315 a0
289 10 JAN 0000 00
290 10 JAN Q045 Qo
251 10 JAN 0110 Qa0
292 10 JAN 0215 Qo
293 10 JAN 0300 00
294 10 JAN 0345 ca
295 10 JaN 0430 aa
296 10 JAN 0515 .o0
297 10 JAN 0&0C a0
2948 10 JAN (0&45 00
299 10 JaN 0730 oe
100 10 JAN 0815 a0
MAX 992.65
MIN -
AVE 3.69

*** NORMAL END OQF HEC-1 ***

00 11.50
ag 11.50
oo 11.50
Q0 11.50
oo 11.50
a0 11.50
.00 11.50
00 11.50
oo 11.5¢
.00 11.50
Qo 11.50
00 11.50
Qo0 11.50
00 11.50
00 11.50
a0 11.50
.00 11.50
.00 11.50
.00 11.50
.00 11.5¢0
PONDS PONDS
PLOW STORAGE F
00 11.50
00 11.50
00 11.50
.00 11.50
«00 11.50
1] 11.50
00 11,50
0g 11.5¢
] 11.50
00 11.50
00 11.50
.00 11.s0
oo 11.50
oo 11.50
D] 11.50
oa 11.50
Pls] 11.50
00 11.50
aa 11.50
00 11.50
00 11.50
00 11.50
0o 11.50
[:[] 11.50
0o 11.50
L] 11.50
ae 11.50
(] 11.50
oo 11,50
.00 11.50
.00 11.50
00 11.50
] 11.s50
00 11.50
a0 11.50
00 11.50
00 11.50
a0 11.50
1] 11.50
[D1] 11.50
00 11.50
00 11.50
a0 11.50
00 11.50
Q0 11.50
00 11.50
(1] 11.50
00 11.50
b)) 11.50
ag 11.50
755.58 28,59 1650
cao .0
§.07 11.01 1a

.00

GFE
LOW

620.175 00
620.75 <00
620.75 00
620.75 .00
620.75 .00
620.75 .00
620.75 00
620.75 +00
620.75 .00
§20.75 .00
620.75 .00
620.75 .00
620.75 .00
§20.75 ,00
§20.75 .00
620.75 .00
620.75 90
§20.75 .00
620.75 .00

BONDE X
STORAGE RAIN
620.75 .00
620,18 .00
620.75 .00
620.7% 00
520.7% ao
620.7% .00
620.73 .00
§20.7% »0¢
520.75 06
6§20.%% 413
520,75 .06
§20,%% 00
620.75 44
620.75% S0
620.75 a6
620,75 ¢o
620.75 .90
620.%% R
620.75 0%
620.7% @0
620.75 N1
620.75 1]
520.75 00
620.75 .40
620.75 ot
620.7% .08
§20.75 .00
620.175 .04
620.%5 N
620.75 <00
620.75 00
620.75 .00
620,15 N
§20.7% .09
620.75 49
620.25 BY
620.75 39
620.7% N
520.75 5o
620.75 30
620.7% .00
620.75 <00
620.75 LoD
620.75 .09
§20.75 .08
§20.75% .99
§20.75 .60
620,75 155 1]
620.15 .03
§20.7% 08
620.75 4.54
276.90 .00
581.53 .04

o
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3.3.1.4.2 TIME OF CONCENTRATION BY THE KIRPICH FORMULA

This method is used to calculate time of concentration in gullied watersheds when using the
Rational Method or the Simplified Peak Flow Method. The Kirpich Formula should be used
when gullying is evident in more than 10% of the primary watercourse. Gullying can be
“assumed if a blue line-appears on the watercourse shown on the USGS quadrangle
topographic map. The Kirpich Formula is given as:__ _, 135

- ez 00018 27 ST
SRR TR

e ANy
il ?‘* LA B

where
T, = time of concentration, in minutes

L = length from drainage to outlet along the primary drainage path, in feet
S = average slope of the primary drainage path, in ft/ft.

The Kirpich Formula should generally be used for the entire drainage basin. The exception to
this rule occurs when the Simplified Peak Flow Method is being used on NMSHTD projects
and the watercourse has a mixture of gullied and un—gullied sections. In these situations,

" mixing of time of concentration methods is allowed. The Upland Method is used for the
ungullied portion of the primary watercourse, and the Kirpich Formula is used for the gullied
portion of the watercourse. The two times of concentration are added together to obtain the
total time of concentration of the watershed. Typically the Kirpich Formula is only used for
that portion of the watercourse shown in blue on the quadrangle topo map. Mixing of time
of concentration methods is only allowed with the Simplified Peak Flow Method for

NMSHTD projects.

3.3.1.4.3 ‘THE STREAM HYDRAULIC METHOD

The stream hydraulic method is used when calculating peak flows by the Unit Hydrograph
Method in a watercourse where a defined stream channel is evident (blue line, solid or
broken, on a quadrangle topo map). The designer must measure or-estimate the hydraulic
properties of the stream channel, and must divide the total watercourse into channel reaches
which are hydraulically similar. Field reconnaissance measurements of the stream channel are
best, however sometimes direct measurements arc not possible. The designer must determine
the slope, channel cross section and an appropriate hydraulic roughness coefficient for cach
channel reach. Average slope is often determined from the topographic mapping of the
-watershed. Channel cross section should be measured in the field whenever possible.
Roughness coefficients of the waterway shotild be based on actual observations of the
watercourse or of nearby watercourses which are believed to be similar and which are more

accessible.

Time of Concentration by the stream hydraulic method is simply the. travel time in the stream
d from normal depth calculations for the

channel. Channel flow velocities can be estimate

watercourse. In addition to the average flow velocity, designers should compute the Froude
Number of the flow. If the Froude number of the flow exceeds a value of 1.3, then the
designer should verify that supercritical flow conditions can actually be sustained. For most

earth lined channels the velocity calculation should be recomputed using a larger effective
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Infiltration

Infiltration
Raie

Initial

Abstracrion
-fla)

Intensiry

Interception

Isohyer

Lag Time, T,

_ 60 percent of the time of concentration (T, = 0.6T,). -

Land U:re

Length

Levee

Major
Structure

G ngls
,Ix'! -

Mass Inflow
Curve

* usually expressed in inches or centimeters per hour, or feet per day,

A land classification. Cover, such a5 row crops or pasture, indicates a kind of

That part of the rainfall that enters the soil. The passage of water through the
soil surface into the ground. Used interchangeably herein with the word:
percolation.

The rate at which water enters the soil under a given condition, The rate iy

When considering surface runoff, Ia is all the rainfall before runoff begins,
When considering direct runoff, Ia consists of interception, evaporation, and
the soil-water storage that must be exhausted before direct runoff may begin.
Sometimes called “initial Joss.”

The rate of rainfall upon a watershed, usually expressed in inches per hour.

Precipitation retained on plant or plant residue surfaces and finally absorbed.
evaporated, or sublimated. That which flows down the plant to the-ground is
called "stemflow" and not counted as true interception.

A line on a map, connecting points of equal rainfall amounts.

The difference in time between the centroid of the excess rainfal] (that rainfall )
producing runoff) and the peak of the runoff hydrograph. "Often estimated as’

land use. Roads may also be classified as a separate land use. -

A certain distance within a Wwatershed or along a water course. For Time of
Concentration computation, length is defined as the distance from the drainage
divide to the point of interest, following primary flow paths.

A linear embankment outside a channel for containment of flow.

A drainage conduit which is larger than a minor structure, yet smaller than a
bridge.

A coeliicient of roughness. used in a formula for estimating the capacity of a
channel to convey water. G-. .., " alucs are determined by inspection
of the channel.

"

A graph showing the total cumnt. olume of stormwater runoff plotted "
against time for a given drainc. ;-

Minor A drainage conduit which is equal to or greater than a 48” (1.6 M) circular
Structure pipe culvert, or equivalent hydraulic capacity. ’ . : :
PAGE NUMBER B~ NMSHTD DRAINAGE MANUAL DECEMBER 1995




' DRAINAGE DESIGN CRITERIA
FOR
NEW MEXICO STATE HIGHWAY &

TRANSPORTATION DEPARTMENT
PROJECTS

REVISED DATE:

- November, 1998

Approved for ?&; - "
Implementatxon. \< Q"&V‘“ . \2 —I\.(o—*cl%

NMSHTD | Date
SECRETARY

E:w.ﬂ, o



REPORT

© _RAISING ASH DAMS '3 "AND 6
FOUR CORNERS STEAM ELECTRIC STATION

FOR.

.

ARIZONA PUBLIC SERVICE COMPANY

D&M Job No. 02353-1035-022
Auengt 29. 1990

=DAMES & MOORE



REA=237 ACRES =ife
i » ~ ]
e / :
143 — {
g
.,,;,”";:'a:lgzsn'l g:---% Non
Y b g =
’,u‘{ A 'i? ORI L5 J

Fa.unf

AREA=343 ACRES 7

-

SO S B AT VN, T
'| I;:r G Ig f [T
: S Rl ‘
.x/ LI IJ{ )il

LEGEND:
DRAINAGE AREA BOUNDARY

| | 12 1 DRAINAGE
AREA BOUNDRIES

Figure 2
' . Dames & Moore
MAP REFERENCE: 03353-105-022

SCALE IN MILES

YO 0o

PrES e

RO Gan s

s L



3.3.2 Ash Pond 3 Reservoir Capacity

Raising the ash dam 3 embankment from its current elevation of 5209
feet to 5219 feet can provide approximately one million cubic yards of
additional storage capacity. This is presented on the capacity rating curve
for ash pond 3 (Figure 4) using the minimum required operating (non-flood)
freeboard of 4.6 feet. The capacity rating curve is based on Ehe existing
conditions shown on the 1989 topogréphic map provided by APS (APS 1989).
This 'additional storage capacity adds between 2 and 3 years of storage,

based on the fly ash production rates presented previously.

3.4 ~SURFACE WATER HYDROLOGY

This section presents the results of the hydrologic analysis ofash .

ponds 3 and 6 as authorized by the contract and described in. Dames &EMbqiégég_

original proposed scope of work (Dames & Moore 1989).. e

3.4.1 Hydrologic Design Criteria and Methodology

The hydrologic design criteria for ash ponds 3 and 6 were deveiopgd

based on ‘telephone conversations with New Mexico State Engineer O0ffice:

personnel. Anlexplanation of proposed freeboard requirements was presented
. to the New Mexico State Engineers Office on May 29, 1990, The June 7, 1990
response from the state concurred with Damés & Moore's recomméﬁdatiﬁns.
Copies of thi§ correpsondence are presented in Appendix B. The hydrologic

design criteria are ‘presented in Table 1.

TABLE 1

HYDROLOGIC DESIGN CRITERIA

Design -Storm ' The 24-~hour portion of tHe

Probable Maximum Precipitation
Event. i
Volume of Runoff from Design 100%
Storm' to be Retained.
Post Storm Minimum Freeboard 2.8 feet
3-3
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The methodology used to complete the hydrologic analysis for ash

ponds 3 and 6 was based on curreat accepted procedures and is outlined in

the following paragraphs.

‘where, Cﬁ =

As %

CNy

1§

The hypothetical general storm depth of the probable maximum
precipitation (PMP) was developed using Hydrometeorological
Report No. 49 (HMR-49) (NOAA 1977).  HMR-49 is the standard
reference for developing PMP in the Colorade River Basin., The
complete process of the PMP development 1s described in HMR-49,

Tributary basin areas for ash ponds 3 and 6 were delineated
using l-inch = 2000 feet, 20 foot contour interval, topographic
maps (USGS 1966 and 1979). See Figure 2.

Soil conservation service (SCS) clurve numbers .(CNs) were
selected for the basin areas based on a review of ‘s0il cover
complexes occurring within the study area (SCS '1980) and based
on the TR-55 (SCS 1986) suggested CNs for herbaceous cover. A
weighted CN for each basin was then estimated using an
area-weighted method for calculation:

CN = CNi Ai Z
100%

Weighted sub—basin CNs

Percentage of total basin area represented by soils of a
‘hydrologic group.
" CN selected for soils for a hydrologic group (AMC II).

Runoff volumes occurring as a result of the 24-hour portion of
the general storm PMP were estimated using methods outlined in

"the SCS's National Engineering Handbook Section 4, Page 10.21,

Figure 10.1 (SCS 1975) for each pond.

Capaclty rating curves, for ash ponds 3 and 6 were developed for
the proposed dam-crest raises based on a December 14, 1989
topographic map of the ash ponds (scale | inch = 200 feet).

Ash ponds 3 and 6 were then evaluated for flood pool storage ‘and
minimum freeboard specification at increasing dam crest
elevations.

3.4.2 Results

Table 2 presents the results of the hydrologic analysis pertaining

to precipitation depths, estimated basin areas, weighted CNs, and estimated

runoff volumes,

Dames & MQOORE
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TABLE 2

RESULTS OF HYDROLOGIC ANALYSIS

Item Unicts Ash Pond 3 _ Ash Pond 6
24-Hour General Storm inches 8.3 8.3
PMP Depth ‘

Size of Drainage
Basin Area acres 343 237

Surface Area of
Ash Pond acres 138 = .140

Weighted CN Value - 95 95
(AMC II Condition) o R Aga=

Estimated Depth of ., Inches 7.7 _.“”'. '_7.1
~ Direct Runoff

Estimated Volume of acre-feet 220 S el [
Runoff to be Retairned “
(Area x Runoff Depth)

Dames & Moore performed a pre—storm freeboard analysis based on the -
information contained in Tables 1 and 2 and using the capacity rating curves
presented on Figures 4 and 5. Pre-storm freeboard has been defined for this
analysis ds the difference between the lowest dam crest elévation and the
elevation at which all the settled fly ash in the pond’would just be covered
by a watér surface. Figure 5 presents the minimum pre-storm freeboard
requirements for ash ponds 3 and 6, The option of adding an emergency
spillway to ash pond'3-;ppears feaﬁible as aﬁspillQay tﬁrough the left
abutment would discharge to a location where flow could be safely managed to
the property boundary. This emergenéy spillway was not evaluaﬁed in detail

during the current project.

3-5
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Fly Ash Pond No. 6

Volumes based on 7/19/01 topography

"~ Elevation Incremental storage volume Cumulative storage volume

ft ft cubic yards cubic yards acre-feet
5212 TO 5213 47 47 0.0
5213 TO 5214 78 125 0.1
5214 TO 5215 1,169 1,294 0.8
5215 T0 5216 6,784 8,078 5.0
5216 TO 5217 35,491 43,569 27
5217 TO 5218 81,430 124,999 77
5218 TO 5219 146,783 271,782 168
5219 TO 5220 175,022 446,803 277
5220 TO 5221 189,022 635,825 394
5221 TO 5222 204,258 840,083 521
5222 TO 5223 209,979 1,050,062 651
5223 T0 5224 212,804 1,262,866 783
5224 TO 5225 212,691 1,475,557 915

p:\arizona_public_service\four comers hydrology\pond 6 Vol - PLG calc,1/12/2003
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WAVE RUN-UP CALCULATION AND FREEBOARD ANALYSIS
for the LINED DECANT WATER POND
at the FOUR CORNERS POWER PLANT
ARIZONA PUBLIC SERVICE

Problem Statement

The object of this calculation is to determine the freeboard required for the Lined Decant Water
Pond (LDWP) at the Four Corners Power Plant in New Mexico.

The wave action was determined using the procedure outlined in USBR’s Manual ACER
Technical Memorandum No.2 (1981) titled as “Freeboard Criteria and Guidelines for Computing

Freeboard Allowances for Storage Dams.”

Required Deliverables

e Effective Fetch Length
e  Wave Run-up

e Wave Setup

¢ Total Freeboard

Data Available

e Lined Decant Water Pond layout, See Figure 1

¢ Minimum Water Depth =5 ft

e Maximum Water Depth = 8§ ft

e Design Wind Speed is 50 mph per New Mexico State regulations
o Lined Decant Water Pond side slopes are 3:1 H:V

Methodology

e Fetch Length (F)

Fetch length is the distance across water that wind blows to generate waves. In other words, fetch
is the open water distance (in the direction of the wind velocity) upwind of the point in question.

The wind directions at the Four Corners Power Plant are assumed to be in the direction of the
central radial for the maximum effective fetch. The effective fetch at a given station was
estimated using the following, relationship as described in Equation 1 on Page 11 of USBR’s
Manual ACER TM No.2 (USBR, 1981):

P:\WRES\Arizona_Public_Service\23445725_APS_LAl_5268_Raise_Design\Watershed Analysis\Wave Run-Up\Wave run-up-
LDWP 5216.doc



F.=Z X;*Cosa; / Z Cosq;
Where,
F. = Effective fetch length
o; = Angle between the central radial and radial i
X; = Length of projection of radial i on the central radial

The effective fetch length was found to be equal to 0.260 miles for the LDWP. All calculations
related to the estimation of effective fetch lengths are provided in Table 1 and Figure 1.

e Wind Speed & Duration

URS understands that the State of New Mexico requires the design wind speed for this site to be
50 mph. Although a wind speed of 50 mph is less than that estimated using the method detailed
by ACER TM. No. 2 (USBR, 1981), it was used for this calculation.

The relationship between wind speed (over water) and wind duration for a given fetch (0.260
miles) was developed from Figure 9 of ACER TM. No. 2 (USBR, 1981) and is provided in
Table 2.

e Significant Wave Height (H)

The significant wave height (H;) is 1.18 ft and was obtained using Figure 9 of ACER TM. No. 2
(USBR, 1981) for an effective fetch length of 0.260 mile and a design wind speed of 50 mph.

s Specific Wave Height (H)

Please note that as per information provided on page 15 of ACER TM. No. 2 (USBR, 1981), for
normal freeboard computations, the significant wave height should be replaced by the average of
the highest 10 percent of the waves, which is 1.27 times the significant wave height. Therefore,
the significant wave height (Hg) of 1.18 ft was multiplied by 1.27 to obtain the specific wave
height (H) of 1.50 ft for the LDWP. All calculations related to the estimation of the specific
wave height are provided in Tables 3 through 6.

e  Wavelength (L)

Waves are classified as short, intermediate or long depending on their relative depth. The relative
depth is defined as the reservoir depth divided by the Wave Length (b/L). Short waves are also
referred to as deep-water waves. Deep-water waves are defined as having a relative depth (h/L)
greater than %. Long waves are defined as having a relative depth less than 1/20. The class of
waves in between short and long are called intermediate waves.

P:\WRES\Arizona_Public_Service\23445725_APS_LAl_5268_Raise_Design\Watershed Analysis\Wave Run-Up\Wave run-up-
LDWP 5216.doc



The wavelength for deep water waved may be estimated using the relationship provided on Page
12 of ACER TM. No. 2 (USBR, 1981):

L=5.12*T*
Where,
L = Wave length (ft) (when L/2 is < depth of pond)
T = Wave Time Period (sec)

The wave period, T was estimated using Figure 10 of ACER TM. No. 2 (USBR, 1981). The
wave periods are shown in Tables 3 and 5.

Two water depth scenarios were explored in this calculation, 5 and 8 feet. These are both
classified as intermediate waves since they do not satisfy the deep water relative depth (WL = 1%)
for the above equation. For these situations, the USBR recommends adjusting the wavelength
based on the relationship established between wave length, period and depth in the U.S. Army
Corps of Engineers Shore Protection Manual vol. III. These relationships are further defined and
updated in the U.S. Army Corps of Engineers Coastal Engineering Manual, Part II, Chapter 1
(U.S. Army Corps, 2006):

2md

C= tanh
27r L

; and

L=CT
Where,

L = Wave length (ft)

T = Wave Time Period (sec)

d = Depth of Water (ft)

g = gravitational acceleration (32.2 ft/s%)
The actual wave length is calculated through trial and error so that the value satisfies both
equations.
For the purposes of this calculation, both the USBR equation and the US Army Corps equations
for determining wave length were explored. It was determined that the USBR method would be
conservative with regard to the calculated wave run-up and setup depths, even though the

impoundment depths do not meet the relative depth criteria (/L = '4). Therefore, the wave
lengths calculated for both scenarios were 17.04 and 17.80 feet respectfully.

e Wave Run-up (R)
The Wave run-up (R;) was determined using the relationship provided on page 13 of ACER TM.
No. 2 (USBR, 1981). It is described as follows:

P\WRES\Arizona_Public_Service\23445725_APS_LAI_5268_Raise_Design\Watershed Analysis\Wave Run-Up\Wave run-up-
LDWP 5216.doc



Rs=H/[0.4 + (H/L)* *cot0 ]
Where,

H = Specific wave height in feet
L = Wave length in feet
0 = Angle of the upstream face of the dam with horizontal

Please note that in the above equation, the significant wave height (H) should be used instead of
specific wave height (H) if calculations are being made for the minimum freeboard. However,
for the normal freeboard calculations, specific wave height (H) should be used. Please also note
that the above wave run-up equation should not be used on'slopes flatter than 5:1 (H: V). Also,
note that for embankment dams with soil cement or other smooth upstream surfaces, the wave
run-up computed by above equation should be multiplied by a factor of up to 1.5, depending on
the smoothness of the surface. In example problems documented on page 13 in ACER TM. No. 2
(USBR, 1981), a factor of 1.4 was used for the soil cement and a factor of 1.0 was used for the
riprap. For the LDWP at the Four Corners Power Plant, the upstream surface is lined with non-
textured liner and is considered a smooth surface. Therefore, a factor of 1.5 was used for
estimation of the wave run-up.

The estimated corrected wave run-ups for the 5 ft and 8 ft water depths in the LDWP were 1.78
feet and 1.80 feet for an average embankment slope of 3:1 (H: V) at the Four Corners Power
Plant. Howeyver, as per the information provided on page 14 of ACER TM. No. 2 (USBR, 1981),
if the wave propagation direction as defined by the central radial is not normal to the dam, a
correction factor should be applied to the computed run-up. In our case, the angle between the
wave propagation direction, as defined by the central radial, is assumed to be normal to the
LDWP and does not need to be corrected, See Figure 1. All calculations related to the estimation
of the wave run-up are provided in Tables 3 through 6.

e Setup (S)

When no wind is blowing, the water surface in the reservoir is horizontal. However, when the
wind is blowing, a shear stress acts on the water surface. Because of this the surface will tilt,
which is known as setup or wind tide. The wind setup in a reservoir was estimated using the
relationship provided on Page 14 of ACER TM. No. 2 (USBR, 1981):

S = (U%F) / (1400D)
Where,
S = Wind Setup (ft)
U = Wind Speed (mph)
F = Fetch Length (miles), normally equals 2*F,

PAWRES\Arizona_Public_Service\23445725_APS_LAl_5268_Raise_Design\Watershed Analysis\Wave Run-Up\Wave run-up-
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D = Average Water Depth of the Reservoir (ft)

The wind setups for the 5 ft and 8 ft water depths for the LDWP were found to equal 0.19 and
0.12 ft, respectively. See Tables 3 through 6

e Lined Decant Water Pond, Probable Maximum Flood inflow depth calculation

The LDWP will need to contain inflow from the Lined Ash Impoundment (LAI), which is
directly east of the LDWP. It is assumed that the LAI will not store water and all inflow will
report directly to the LDWP. The LDWP will also need to accommodate storage for subbasin Q,
which is essentially the embankment slope between both the LAT and LDWP (refer to Figure 1).
The areas of the basins described were added together and multiplied by the Probably Maximum
Precipitation (PMP) depth, which was based on the January 14, 2003 Freeboard Evaluation of
Ash Pond 6 performed by URS Corporation for the Four Comers Power Plant (URS, 2003), and
then divided by the surface area of the operating elevation of 5210 ft within the LDWP to
determine the height required to store the total inflow.

Table 7
Linced Ash Impoundment (LAI) 130.5 ac
Subbasin Q 8.2 ac
Lined Decant Water Pond (LDWP) 48 ac
Total Area 186.7 ac
PMP 10.9 inches
Storage Volume required within the LDWP 169.59 ac-ft
Surface Area at elevation 5210 ft 427 ac
Depth required for storage in LDWP 3.97 ft

Results

The maximum operating depth of the LDWP is determined from the sum of the wave run-up and
setup plus the storage depth for the PMP as calculated in Table 7. The wave run-up and setup
calculated for the 5 ft and 8 ft depth are 2.0 ft and 1.9 ft, respectively (see Tables 4 and 6). The
PMP storage required in the LDWP is 4.0 ft. Therefore, the maximum operating depth for the
LDWP at the Four Corners Power Plant is 6.0 ft below the crest elevation of 5216.0 ft. This
results in a maximum operating elevation of 5210.0 ft.

PA\WRES\Arizona_Public_Service\23445725_APS_LAI_5268_Raise_Design\Watershed Analysis\Wave Run-Up\Wave run-up-
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