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F1.0 INTRODUCTION

This appendix to the Midnite Mine Superfund Site Basis of Design Report (BODR)
presentsprevides the detailedanalysis-and design information foref the surface water (SW) and
sediment control structures to be constructed during the Remedial Actions (RAs) at the Midnite
Mine Superfund Site (Site). These SW and sediment controls will convey clean S\Wferpost-
closure-conditions and associated sediments from remediated areas, and will divert clean SW

away from the mine areas (MAs) that are undergoing RAs. The SW and sediment control

structures described herein are:

e Permanent Bench Channels to shed stormwater off of the Waste Containment Area

(WCA), which is the area of the engineered cover that will be constructed over the
consolidated wastes in Pit 3, Pit 4, and the Backfilled Pits Area (BPA).

e Permanent Downdrain Channels that are positioned at the WCA boundary and are

designed to collect stormwater from the Bench Channels and convey it away from the

WCA in a controlled manner to the down gradient drainages.

e Permanent Flow Attenuation Embankments that are designed to reduce peak flows and

capture sediments in the main drainages down gradient of the Site.

e Permanent ditches, culverts, and turnouts to control SW runoff along new Site access

roads.

e Temporary structures to segregate clean SW from contaminated water during the active

RA activities.

As described in BODR Appendix D — Mine Waste Excavation and Containment, potentially

mine-affected SW within the areas undergoing remediation will be captured for treatment at the

operating water treatment plant (WTP). The mine wastes along with the mine-affected

sediments will be consolidated in Pits 3 and 4 then capped using a multilayer cover system.

The active the-RA-construction areas, remediated surfaces, and newly constructed SW and

sediment controls will be managed in accordance with the Master Stormwater Management
Plan (SWMP) contained in Appendix O of the BODR. The SWMP includes a catalog of Best

Management Practices (BMPs) that will be applied to prevent discharges of turbid water to the

receiving drainages and to minimize damage to reclaimed surfaces due to erosion. For

example, SWMP BMPs such as erosion control blankets will be installed in sections of the

Appendix F - Surface Water and Sediment Controls June 2015J3uhy-2014
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Bench and Downdrain channels that are vulnerable to erosion until vegetation has established.

The permanent SW and sediment controls described in this BODR Appendix F comprise the

permanent site features that are intended to control stormwater in the remediated areas as
described in Section 04.0 of the SWMP (Permanent Stormwater Control Plan).phases-

The remainder of thisThis appendix covers the following topics:

(1) Section F2.0 - Site description {Section-F2.0)

(2) Section F3.0 - Basis of analysis and design (Sectien-F3.0)

(3) Section F4.0 - Hydrologic analyses for SW and sediment controls{Sectien
F4.0)

(4) Section F5.0 - Design of SW and sediment controls (SectionF5.0)

(5) Section F6.0 - Green and Sustainable Remediation Considerations {Section

F2.0 SITE DESCRIPTION AND BACKGROUND

Midnite Mine-(Site) was developed on the south slope of a ridge separating Blue Creek and
Sand Creek (refer to Figure F-1). The Site, located on the Spokane Tribe of Indians
Reservation, is in a mountainous region with approximately 2,500 feet of elevation relief from
north to south across the property. A description of surface water drainage, Site hydrology

data, and remedial action construction activities is provided below.
F2.1 SURFACE WATER DRAINAGE

The primary Site drainages are not named in the Turtle Lake, Washington Quadrangle Map
(USGS, 1985). The naming convention assigned in the Remedial Investigation/Feasibility Study
(RI/FS) is used for this analysis. The primarily tributaries emanate from the Site as the Western,
Central and Eastern Drainages as shown in Figure F-1. The upper portion of the Central
Drainage forks into two drainages, which are referred to as the Central-West Drainage and
Central-East Drainage in this report. The Central Drainage combines with the Eastern
Drainage, which combines with the Western Drainage about 1,000 feet above the Site drainage

outfall.

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
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Surface water flow in and from the mined area (MA) is generally intermittent and flows from
north-to-south via the combination of the three tributary drainages mentioned above. These
three primary drainages converge below the MA and constitute the Site surface water outfall.
The Site surface water outfall-steam is tributary to Blue Creek, which below the confluence flows

to the southwest and into the Spokane River Arm of Lake Roosevelt.

Blue Creek is a perennial stream; although, flows can be low in late summer. Blue Creek’s
post-mining daily flow, measured upstream of the confluence with the mine drainages, ranges
from 0.04 to 60 cubic feet per second (cfs) based on data collected between 1984 and 2002 by
the United States Geological Survey (USGS).

Currently, effluent from the existing water treatment plant {AP}-at the Site is conveyed by pipe
to a pond (the National Pollution Discharge Elimination System [NPDES] Pond) in the Eastern
Drainage on the upstream side of the East Access Road crossing. Flow during the dry season
(i.e., late summer and fall months) in Blue Creek is dominated by discharge from the WTP,

which normally operates 4 days a week from April through November.

Mining operations have disturbed SW drainage patterns within the Site. The upper portions of
the three primary drainages were excavated to access the ore body and/or were filled with
waste rock during mining operation. Pits, waste piles, pumpback systems, and other features
contain and store waters higher in contaminant concentrations within the Site watershed than in
similar nearby watersheds. The current Site grading, compacted haul roads, and truck staging
areas increase runoff in much of the MA compared to pre-mine conditions. In other areas,
unconsolidated, coarse-grained, and permeable waste rock, ore, and proto-ore decrease
precipitation runoff and increase infiltration rates and temporary storage of water compared to
pre-mine conditions. Several facilities have been constructed for SW management, which
further modify the pre-mine SW flow patterns. These facilities include the pollution control pond
(PCP), seep collection systems, detention ponds, pipes and culverts that route MA SW to the
PCP and Pit 3, and ditches that divert up-gradient SW around the MA. All captured SW from
the disturbed area is collected and stored for treatment (See Drawing 1-11, Volume 2 of the
BODR).

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
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Figure F-1 — General Site Map
<Figure 1 is a pdf map — to replace this page>
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F2.2 SUMMARY OF HYDROLOGIC DATA

Meteorological and stream flow data are collected at the Site. The United States Bureau of
Land Management (BLM) installed a remote automated weather station (RAWS) at the Site in
1991. The RAWS collects hourly data for precipitation, temperature, wind speed, evaporation,
and solar radiation. Data for this weather station is available from the Western Regional
Climate Center (WRCC, 2014).

Stream flow is monitored at several locations throughout and downstream of the Site. The
stream gaging stations are listed in Table F-1 and locations are shown on Drawing 1-18,
Volume 2 of the BODR. Figure F-2 shows historical precipitation at the Site and corresponding

historical flows at SW-6 (Site outfall station).
The historical monitoring data indicate the following:

¢ Flow in the Eastern Drainage is dominated by discharge from the WTP, which typically
operates 4 days a week during April through November. Except for flows from WTP
discharge, the flow in the East Drainage is absent or low during the dry summer months

(1 to 30 gallons per minute [gpm]) and during the winter months when water is frozen.
e The highest surface flows in the Site drainages typically occur in early spring and are
likely a product of increased soil moisture combined with rainfall and snowmelt in the
spring.
The USGS estimates the 100-year peak discharge from the Site outfall to be 7.9 cfs (USGS,
2014).

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
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Table F-1 - Stream Gages at or near Midnite Mine

Data Average | \1oasured | 200V
Station . . Location Period of X Daily Peak
Installed by Location Description . . Collection Peak
ID Coordinates Operation Frequenc Flow Flow (cfs) Flow
QUeNCY | (cfs) (cfs)!
On the Midnite Mine
drainage at the
12433556 5 confluence of the | 47°55'28” N, | 6/16/1984- .
(SW-6) UsGs Western, Central, and | 118°0528" W present 15 minutes | 0.4 53 7.9
Eastern drainages
upstream of Blue Creek
12433542 2 On Blue Creek, upsteam | 47°55°26” N, | 6/17/1984- :
(Sw-4) | USCS of Midnite Mine Drainage | 118°0522" W | present 15 minutes | 1.29 60 80
On Blue Creek
0| 47.55724° N, | 6/17/1984 .
12433558 | USGS do_wnstre_am of Midnite 118.05"25' W 9/30/1988 15 minutes | N/A N/A N/A
Mine Drainage
On Eastern Drainage at OEEI Ay
SW-11 Tetra Tech confluence with Central 47 505 4,3 N 6/10/2010 15 minutes | ~0.25 ~1 N/A
. 118°05’30” W present
Drainage
On Central Drainage S
SW-12 Tetra Tech upstream of confluence 47 ?5 4,6 N 6/10/2010 15 minutes | ~0.01 cfs | ~0.04 N/A
; . 118°05'35” W present
with Eastern Drainage
On Western Drainage
upstream of confluence | 47°55'35" N, 6/10/2010 , - -
WDAC Tetra Tech with Central and Eastern | 118°05'34” W present 15 minutes 0.05 0.8 N/A
Drainages
Notes:
1. Estimated by USGS
2. SW-6 and SW-4 have been maintained and monitored by Worthington Miller Environmental since the fourth quarter of 2012
cfs = cubic feet per second
N/A = Data not available or insufficient data available
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F2.3 REMEDIAL ACTION CONSTRUCTION ACTIVITIES AND OBJECTIVES
Remedial action (RA) construction activities will include:

¢ Removal of the mine waste from upper portions of the Eastern, Central, and Western

Drainages, grading and revegetation of these areas.
e Excavation, consolidation, and capping of mine wastes in Pit 3 and Pit 4

o Replacement of the existing WTP and changing the WTP discharge point from the

Eastern Drainage to Lake Roosevelt
¢ Removal of existing ponds

¢ Removal of contaminated sediments and the associated vegetation in the lower portions
of the Eastern, Central, and Western Drainages which are existing natural drainages

followed by revegetation of the remediated areas

These construction activities and others will change the SW flow patterns throughout the MA as

construction progresses through the three phases and after construction is complete.

To meet the performance standards discussed in Section F3.1, Bench Channels and Downdrain
Channels will be constructed to convey SW off the capped waste-centainment-area{WCA) and
into the Eastern, Central and Western drainages at the Site. The SW controls design discussed
in Section F5.0 does not include Site Drainage restoration plans for the Western, Central, or
Eastern Drainages where mine waste cleanup and sediment removal is required. Temporary
erosion controls and other best-managementpractices {BMPs) will be installed in the Site
Drainages that are impacted by the construction and maintained until vegetation in the
drainages is established. StormwaterSterm-water management during construction and

temporary BMPs are described in Appendix O of the BODR.

In addition, temporary SW and sediment controls will be necessary to accommodate changes in
the location and/or size of haul/construction roads, water management ponds, and other
temporary facilities as the construction progresses in phases as described in Appendix D. This
appendix provides the analyses and design for the permanent SW and sediment controls as
well as the more prominent temporary controls that will be installed during the construction

phases.

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
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F3.0 BASIS OF ANALYSIS AND DESIGN

The basis of analysis and design of SW and sediment controls are based-en-the requirements
presented in the form of Performance Standards specified in the Consent Decree Statement of
Work (CD, SOW, U.S. Environmental Protection Agency [EPA], 2011). The Where-applicable;
the-analysis and design of SW and sSediment controls also incorporates guidance documents,
Ssite investigation reports, and general engineering principles. The Performance Standards

and other documents, as well as a description of the design components are provided below.
F3.1 PERFORMANCE STANDARDS

The design of SW and sediment controls for the Site during remedial activities and post-
remediation has been prepared to meet the Performance Standards detailed in the Consent
Decree Statement of Work (EPA, 2011). These performance standards define attainment of the
Remedial Action Objectives (RAOs) for the Selected Remedy. The performance standards
include both general and specific standards applicable to the Selected Remedy work elements
and associated work components. All of the Performance Standards for the Midnite Mine RA,
as well as a summary of where or how they are addressed in the RD, are summarized in main
text of the BODR. The general and specific Performance Standards related to SW and

sediment controls are presented in Table F-2.

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 1 of 6)

CD Sow
Reference Performance Standard CD SOW Reference Number
Number

2.3.18 B.iii | Work that occurs within SW bodies With a few specific exceptions (e.g., sediment
shall be performed in accordance cleanup within drainages; construction of the WTP
with the requirements of the SWMP effluent pipeline in the Blue Creek Delta), the RA
in the approved Remedial Action work will not occur within surface water bodies. To
Work Plan to minimize sediment the maximum extent practical, sediment cleanup
migration from the Work Area and within drainages will be conducted during summer
mitigate damage to existing and early autumn when water typically is not
vegetation. All such Work shall be present in the intermittent drainages. Excavations
performed in a manner that limits for installing the WTP effluent pipeline only will
harm to wetlands and SW. In occur above the water line of the Blue Creek delta;
addition, the Work shall be performed | all pipeline/diffuser materials below the water line
in a manner that minimizes the will be placed on the streambed or lakebed
release of sediments beyond the surface. The SWMP in Appendix O contains the
Work Area. BMPs shall be employed | BMP catalog, including BMPs to minimize the
and refined as necessary to minimize | transport of sediments to adjacent water bodies.
the release of sediment.

2.3.18 B.iv | Any dewatering or diversion of SW See response to 2.3.18 B.iii above. The majority of
and groundwater shall be performed | excavation activities are expected to occur above
in a manner that minimizes the the water table. If groundwater is encountered or if
release of sediments to the extent stormwater accumulates in the excavations, the
practicable beyond the Work Area water will be contained and transferred to surface
and limits harm to wetlands and SW. | water impoundments and then treated if necessary.

2.3.24 All water requiring treatment shall be | Surface Water — During the RA, surface water that

conveyed to and treated at the water
treatment plant operating at the time
of conveyance.

contacts mine wastes will drain to the mine pits or
temporary surface water impoundments that will
store the mine-impacted water. The water in the
impoundments will be conveyed to the operating
WTP via conveyance channels and pipelines. The
topography of the reclaimed areas will shed clean
water away from any wastes that are pending
excavation (i.e., during the phased RA construction
activities), and away from the consolidated wastes
(upon remedy complete).

Groundwater — During the RA, groundwater
discharging from seeps in the mine wastes will be
captured and conveyed the temporary surface
water impoundments, and ultimately treated by the
operating WTP. Groundwater that accumulates in
the consolidated wastes in the pits and BPA will be
captured by groundwater extraction wells, and
treated at the WTP.

These details are described in the following design
appendices:

Appendix D — Mine Waste Excavation and
Containment describes how excavation of mine
waste will occur such that surface water drains to
the impoundments.

Appendix F — Surface Water and Sediment Controls
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 2 of 6)

CD SOW
Reference
Number

Performance Standard

CD SOW Reference Number

Appendix E — Water Management Ponds describes
how the mine pits and temporary impoundments
will be used to capture and store potentially mine-
impacted water.

Appendix F — Surface Water and Sediment
Controls describes the temporary and permanent
structures that will convey surface water and
control sediments.

Appendix J - Influent and Effluent Pipelines
describes how mine-affected water will be
conveyed from the impoundments and seeps to the
operating WTP.

2.3.25

To the degree practicable, clean
surface and ground waters shall be
segregated from contaminated water
to minimize water volumes requiring
treatment.

Surface Water - The RA construction will be
phased such that segmented areas of mine wastes
can be consolidated in the pits and those
excavated areas reclaimed. Excavation
topography and SW controls will be maintained
during each RA construction phase such that
potentially mine-affected water drains to the pits or
temporary impoundments, and clean water drains
away from the construction activity. Topography of
the reclaimed areas will shed the clean water away
from the remaining areas of mine waste. Likewise,
the final reclaimed topography of the caps and
excavated areas will shed clean water away from
the consolidated wastes in the pits and the BPA.
Groundwater - Mine affected groundwater that
accumulates in the consolidated wastes in the pits
and BPA will be extracted and treated. Design
and operation of the groundwater extraction
systems will suppress groundwater levels to
prevent migration away from the pits and BPA, and
will limit groundwater contact with consolidated
wastes at higher elevations within the pits/BPA.

Surface Wat

er and Stormwater Management and Controls During Excavation

24232
B.i.

During the excavation of
contaminated materials, surface
water and stormwater BMPs shall be
applied to prevent, to the extent
practicable, sediment transport and
the contact of clean SW and
stormwater with contaminated
materials.

Examples of the surface water and stormwater
BMPs that are included in this design include
erosion control blankets, diversion ditches, and
filter fences are contained in Appendix O. Site
grading will be used to shed clean water away from
the excavation areas during the various phases of
the RA to prevent, to the extent practicable,
sediment transport and the contact of clean
surface water and stormwater with contaminated
materials. This-AppendixF-Surface-Waterand
Sedi - . .
Eoshoc oy e contominatad cnnon clcioe
vopeus slocos cnthe S
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 3 of 6)

CD SOW
Reference
Number

Performance Standard

CD SOW Reference Number

Section F9 discusses the design of the
sediment/SW control and water containment
structures (embankmentsberms). The Section 6
drawings associated with Appendix F depict the
locations of those sediment controls and SW
structures in each phase of construction. The
design details for the temporary and permanent
channels, impoundments (flow control
embankmentsberms), etc. for separation of
clean/dirty water and control of SW/Sediment as
the construction progresses and at the end of the
RA.

24232
B.ii.

To the extent practicable, clean
water coming into contact with
contaminated materials in the
excavation areas that results in SW
concentrations exceeding the SW
cleanup levels identified in Table 4-3
shall be collected and conveyed to
the WTP for treatment.

Excavation topography will be maintained during
each RA construction phase such that potentially
mine-affectedAs-discussed-inresponseto-2.4-2.3.2
B-i—above; water is captured and conveyed to the
operating WTP. Clean water will be segregated
from thatcomes-into-contact-with-contaminated
water usingmaterials-willbe-separated-and
contained-by the designs and engineering controls
discussed in this Appendix F (i.e., {channels,
embankmentsberms, grass lined benches, etc).)

prior-to-capping- Consistent with the NPDES

General Permit terms governing stormwater
management at construction sites, upon
completing remediation in specific areas, including
satisfaction of the SW standards in Table 4-3 and
establishment of site revegetation and soil
stabilization, further management of stormwater
runoff from the remediated areas will no longer be
required and the SW will be shed as “clean”.

24232
B.iii.

Sediments captured by SW and
stormwater controls shall be
contained and removed to an
approved location designed to
prevent redistribution of the
sediments to the surrounding
environment. The disposition of the
sediments shall be determined by
sampling the sediments at a
frequency and for analytes
determined during RD.

Sediments will be captured during construction in a
variety of temporary surface water and sediment
controls structures discussed in this Appendix F
{Seetion-F9)-and BMPs identified in Appendix O
(SWMP). The process for verifying Site COC
concentrations in sediments is included in the
Analytical Support and Verification Plan for
Remediation of Surface Materials and Sediments
contained in Appendix S. Sediment determined to
be contaminated (or assumed to be contaminated
based on the location of the BMP) will be
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incorporated into the waste containment areas in
Pits 3 and 4. Captured sediments that are

determined to be clean may be incorporated into
soil cover layers as part of remedial construction.
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 4 of 6)

conveyance systems shall remain in
place and be monitored for
effectiveness until such a time as all
contaminated materials requiring
excavation have been removed for
consolidation and containment in Pits
3 and 4.

CD SOwW
Reference Performance Standard CD SOW Reference Number
Number
2.4.2.3.2 Surface water and stormwater The temporary SW and sediment controls are
B.iv. controls and water collection and described in Section F5.6 and are shown on

Drawings 6-3 and 6-4. These temporary controls,
which are intended to divert clean SW from the
active remediation areas, will remain in place until
they are no longer necessary during the phased
RA construction. For example, the temporary Pit 4
West Downdrain Diversion (that diverts clean SW
to the Eastern Drainage; see Drawing 6-3) will be
removed by the end of Phase 2 construction when
that water can be discharged to the remediated
Western Drainage. The effectiveness of the
temporary and permanent SW and sediment
controls will be monitored in the down gradient
receiving drainages in accordance with the Site
Wide Monitoring Plan included in Appendix Q.
Note that additional water conveyance systems
include the pipelines (described in Appendix J —
Influent and Effluent Pipelines) that will be used to
convey mine-affected water to the temporary water
storage impoundments (Appendix E — Water
Management Ponds), and ultimately to the WTP
(Appendix |).Fhe-surface-waterand-sediment

contrels-are-designed-as-diseussed-in-this
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24232
B.v.

The Settling Defendants shall
develop a monitoring program to
ensure that the concentrations of
contaminants in SW leaving the MA
are below those listed in Table 4-3. If
concentrations are greater than
those listed in Table 4-3, the water
shall be collected and conveyed to
the water treatment plant for
treatment.

The Site water management system will be
maintained during the phased RA to capture and
treat mine-affected SW. The RD is such that only
SW from remediated areas will be allowed to shed
off the Site and into the down gradient drainages.
Additional details regarding how SW will be
managed in the remediated areas are presented in
the technical memorandum titled Midnite Mine -
Management of Stormwater Runoff from
Remediated Areas, which is contained in the
SWMP (Appendix O) as Attachment O-1. The Site-
Wide Monitoring Plan (SMP) in Appendix QO-that
willbe-used-during-and-afterthe-RA defines the
monitoring program to evaluate contaminant
concentrations in SW down gradient of within-and
leaving-the MA during and after the RA-WME

Temporary Facilities During Construction Activities

24242A.

During performance of the Pits 3 and
4 Component of Work, temporary
facilities, such as covers, runoff
controls, temporary sumps, and
water capture and removal systems,
shall be provided, as determined in

the SWMP and RD -Wa%%eq&#ag

Design sections contained in Appendix E (Water
Management Ponds), this Appendix F (Surface
Water and Sediment Controls), Appendix J —
influent and effluent Pipelines);; and the associated
design drawings in sections 5, 6, and 10 of Volume
Il describelillustrate how surface water and
impacted site water will be managed-upon
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 5 of 6)

CD SOwW
Reference
Number

Performance Standard

CD SOW Reference Number

Water requiring treatment shall be

upon completion of each major

conveyed as soon as practicable to

phase of construction. Mine-affected

the WTP for storage and treatment.

water will be transferred to the WTP

as soon as practicable in order to
maintain capacity in the
impoundments for future storm
events. In addition, the Master
SWMP included in Appendix O
describes the over-arching
framework for how stormwater and
surface water will be managed to
limit the release of sediment,
pollutants, and deleterious debris to
downstream areas during RAs.

Surface Wat

er Management — Pits 3and 4

contaminated water to minimize
water volumes requiring treatment.

24242 Facilities shall be constructed to The design information is presented

C.ii. divert clean SW away from the pits. throughout this Appendix F for
The diversion facilities shall be diverting clean SW away from the
designed using standard engineering | pits. The conveyance capacity of
techniques for capacity and erosional | these diversion facilities has been
stability to convey the 100-year, 24 designed for the 500-year, 24-hour
hour storm event in a stable manner | storm event. Erosion protection has
and to withstand a 500-year, 24 hour | been designed for the 100-year, 24-
storm event. hour event.

24.24.2 To the degree practicable, clean SW | The RA will be performed in phases

C.iii. shall be segregated from such that surface water from

remediated areas can be shed away
from the active excavation areas as
soon as practicable. Surface water
will be segregated by site grading to
manage and direct drainage, and
using permanent and temporary
drainage channels (described in this
Appendix F) to divert clean surface
water away from the active
construction areas. Appendix D
(Mine Waste Excavation and
Containment) describes the phased
excavation activities and the site
topography at the end of each
Phase is depicted on the Section 1
design drawings (located in Volume
II). This Appendix F (Stormwater
and Surface Water Controls)
includes the design information for
the diversion channels and the
phased stormwater controls are
shown on the Section 6 design
drawings.
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Additionally, the SWMP in Appendix
O describes how the Construction
SWPPP will be prepared and
updated annually to reflect
stormwater controls at intermediate
phases of construction.

This-Appendix-F-contains-the
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Table F-2 — Midnite Mine Performance Standards Applicable to Surface Water and
Sediment Controls (Page 6 of 6)

CD SOwW
Reference
Number

Performance Standard

CD SOW Reference Number

: oilit
{o-capture-and-convey-stormwater-te

NTP at i : ¢
conctnetion:

Pits 3 and 4 Mine Waste Consolidation

Surface Water — Backfilled Pit Area

2.4.2.5 C.i. | Facilities shall be constructed to This Appendix F describes the
divert SW away from the BPA. The shococootino i dnSoction =2 ond
diversion facilities shall be designed the-necessary-design-structuresfor
using standard engineering conboinmonbe s oo snsle e — R0
techniques for capacity and erosional | design-drawings-in-Section-6-depicts
stability to convey the 100-year, 24 a series of Bbench channels and
hour storm event in a stable manner | Downdrains that have been
and to withstand a 500-year, 24 hour | designed to convey surface water
storm event. away from the BPA with the capacity
and erosional stability to convey the
100-year, 24 hour storm event in a
stable manner and to withstand a
500-year, 24 hour storm eventduring
these-events.
2.4.2.5 C.ii. | Tothe degree practicable, clean SW | This-werk-willbeperformed-as-part
shall be segregated from of the Phase 2 Pit 3-remediation-as
contaminated water to minimize depicted-in-Drawing-6-2—Refer to
water volumes requiring treatment. 2.4.2.4.2 C.iii above.

Mine Waste Excavation and Consolidation

2425E..

As approved during RD, mine waste
materials shall be mounded above
the top elevation of the BPA and
sloped to support a cover and SW
management system designed to
maximize runoff and minimize
infiltration into the mine wastes, while
preserving slope stability.

The elevation of the upper surface
consisting of mine waste rock in the
BPA will be higher than the current
edge of the BPA as discussed in
Appendix D and depicted on the
drawings referenced in Volume II.
This will allow the upper liner coming
from Pit 3 to extend beyond this
edge so that precipitation will run off
the cover surface and be channeled
away from the BPA. Cap slope
stability also is discussed in
Appendix D and there are
calculations supporting the cover
design including the slopes
presented. This Appendix F
descibes the design of a series of
Bench and Downdrainbeneh
channels and-Downdrains-that
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collect and convey surface water off
offrem the capped areasBPA
(Drawing 6-2 with design details in
other sheets of Section 6.0). Sizing
and erosion protection for these
channels are designs to meet the
requirements in 2.4.2.5 C.i above.

Cover Construction

2425F.v.

The cover shall overlay mounded
mine waste and shall slope out to a
SW management system to
maximize runoff and minimize
infiltration into the mine wastes, while
preserving slope stability.

Refer to 2.4.2.5 E.i. above

F3.2 GUIDANCE DOCUMENTS AND SITE INVESTIGATION REPORTS

Where applicable, the analyses and design incorporate guidelines presented in the Storm Water

Management Manual for Eastern Washington (SMMEW, Washington Department of Ecology
[WDOE], 2004). Although adherence to the SMMEW is not specified by the CD, the SMMEW

provides commonly accepted technical methodologies and design standards for SW

management in Eastern Washington.

The analyses and design also use information and guidelines from previous Site investigations

and generally -accepted engineering practices. The Phase 1 Hydrologic Modeling for Midnite
Mine RI/FS (URS, 2002) describes hydrologic modeling conducted for the Midnite Mine RI/FS.

The Surface Water Design Investigation Report (Tetra Tech, 2011) provides modeling methods

and parameters based on design investigations conducted to support the Midnite Mine RD/RA.

In addition, generally -accepted engineering principles and practices have been used

throughout the SW/Sediment design to interpret the output of various modeling efforts and

evaluations so that the resulting design is grounded in accepted engineering practices.

F4.0 HYDROLOGIC ANALYSIS

Permanent SW controls were designed using the criteria listed in Table F-3. The methods and

results of the analysis to evaluate the parameters listed in Table F-3 are explained below.

Table F-3 — Hydrologic Analysis Design Criteria

Design Parameter |

Use in Surface Water Controls Design
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Peak flows in the WCA Cover Bench Channels

- Post-remediation 100-year, 24-hour and short-
duration storm events

- Post-remediation 500-year general and short-
duration storm events

Bench channel armoring for erosional stability
under as-designed and post- settlement conditions

Bench channel geometry for capacity_under as-
designed and post- settlement conditions

Peak flows in the WCA Cover Downdrains

- Post-remediation 100-year, 24-hour and short-
duration storm event

- Post-remediation 500-year general and short-
duration storm event

Downdrain armoring for erosional stability

Downdrain geometry for capacity

Flow hydrographs at locations of Flow Attenuation

EmbankmentsBerms and Site Outfall

- Pre-mine and post-remediation 100-year 24-
hour storm event.

Sizing of the Flow Attenuation EmbankmentsBerms

Peak flow at Site Outfall
- Existing conditions 100-year 24-hour storm
event.

Verification of hydrologic model.

F4.1 METHODS

Design methodelegies used to meet the design criteria listed in Table F-3 for the WCA and

areas adjacent and downstream of the WCA are discussed below._Included in this discussion

are the results of a conceptual analysis to evaluate the impacts of potential future land use

(specifically logging) at the Site in the post-remediation conditions.

F4.1.1 Bench Channels and Downdrain Channels - Waste Containment Area

As shown in Table F-3, Downdrain Channels coming off the WCA are designed to provide

erosional stability and capacity for the peak flows from the 100-year, 24-hour storm and the 500-

year, 24-hour storm, respectively, as specified in the Performance Standards. In addition, the

Bench Channels and Downdrain Channels are designed to provide erosional stability and

capacity for shorterthe-shoert-duration storm events. The peak flows generated from short-

duration storms often exceed the peak flows generated from the 24-hour storms for small

catchment areas such as the WCA. This results in designs for the Bench Channels and

Downdrain Channels that more conservatively meet the Performance Standards. However,

consideration of the short-duration, high-intensity storm events is appropriate because short-

duration, high-intensity storms are common in Eastern Washington in the months between late
spring though early fall where the Site is located (WDOE, 2004).
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The Rational Method was used to estimate peak flows within the WCA because the catchments
are small and relatively uniform; however, outside of the WCA in the areas on the margins and
downstream of the cover, the Rationale Method is less accurate because it does not properly
account for effects of infiltration and attenuation in larger catchments where the Site Drainages
and Flow Attenuation EmbankmentsBerms are located. Peak flows and storm hydrographs
outside of the WCA were estimated using the Soil Conservation Service (SCS) method as
described in Chapter 4 of the SMMEW and Chapter 10 of the NRCS National Engineering
Handbook (NEH) 630 (NRCS, 2010).

Table F-4 summarizes the methods of analysis for the SW controls off the WCA, which include
the Flow Attenuation EmbankmentsBerms and other permanenttemperary SW controls.
Detailed explanations of the analysis methods, including calculation results, are included in
Attachment F-1 for the Bench Channels and Downdrain Channels within the WCA and in
Attachment F-2 for the Site Drainages off the WCA.

The hydrologic analysis for the Site Drainages included analysis of pre-mine conditions, existing
conditions, construction phase conditions (Phase 1, 2, and 3), and post-remediation conditions.
The analysis of pre-mine conditions was used to set the 100-year baseline storm flow at the Site
outfall-that-in-the-post-remediation-condition; the existing conditions analysis was used to check
the reasonableness of the analysis results; and the construction phase and post-remediation
conditions were used as the basis for design. Only the post-remediation conditions were
evaluated for the Bench Channels and Downdrain Channels as it is the most relevant condition
for the areas within the WCA.

Model simulations also were performed to determine design flows for temporary SW controls.

These temporary controls will include the following:

¢ A culvert that will be constructed to route water from the Pit 4 West Downdrain, across
Area 5, and into the Eastern Drainage during Phase 1 (Pit 4 West Downdrain Diversion
Pipe — See Drawing 6-3)

e A diversion channel around the east side of the West Pond that will be constructed

during Phase 2 (West Pond Diversion Channel — See Drawing 6-4)

e A diversion embankmentberm around the west side of the West Pond that will be
constructed during Phase 2 (West Pond Diversion EmbankmentBerm — See Drawing 6-
4)
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e Adiversion embankmentberm around the north side of the South Pond that will be
constructed during Phase 2 (South Pond Diversion EmbankmentBerm — See Drawing 6-
4)

e Adiversion embankmentberm separating excavated and non-excavated areas of the
Hillside Waste Rock Pile (Hillside Waste Rock Pile Diversion EmbankmentBerm — See
Drawing 6-3).

The design storm events for the temporary SW controls ranged from the 2-year event (Rationale
Method) to the 25-year, 24-hour event for the South Pond diversion, to the 100-year and 500-
year events (24-hour and 3-hour). These design storm events were selected based on the
longevity of the structure and the consequence of failure. Flows to the Hillside Waste Rock Pile
Diversion EmbankmentBerm were not analyzed as this SW control will be re-positioned as the
waste rock pile area is systematically removed and crushed during the phased construction.
Construction of this temporary SW control will be determined as part of the construction Storm

Water Management Plan.
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Table F-4 — Hydrologic Analysis Methods for Permanent Stormwater Controls

Site-Wide Hydrology and Flow

Iltem Attenuation EmbankmentsB Bench Channels and Downdrains
Analysis SCS Method per SMMEW (WDOE, Rational Method per SMMEW (WDOE,
Method 2004), Section 4.4 2004), Section 4.7.

Numerical HEC-HMS, version 3.5 (USACE, 2000) MS Excel Spreadsheet
Model

Catchment AutoCAD Civil 3d - 2013 AutoCAD Civil 3d — 2013,
Delineation

Design Storm |

nput Variables

Storm

100-yr (Erosional Stability); 500-yr,

100-yr (Erosional Stability); 500-yr,

Frequency (Channel Capacity); 25-yr, (Temporary (Channel Capacity)

channels)
Storm 24 hours; 3-hour event also evaluated for | Equal to the catchment time--of-
Duration Temporary West Pond Diversion concentration producing peak flow

Storm Depth

2.6 inches (100-yr, 24-hr); 3.3 inches
(500-yr, 24-hr). Depths for other storm
events are reported in Attachment F-2.

Not applicable — peak flows estimated only

Storm SCS Type-IA Not applicable — peak flows estimated only
Distribution

Rainfall SCS Curve Number Rationale rainfall loss coefficient

Losses

Hydrograph Transformation

Unit SCS Unit Hydrograph Not applicable — peak flows estimated only
Hydrograph

Time of SCS TR-55 Method (NRCS, 1986; SCS Method per SMMEW, Section 4.7.2
Concentration | WDOE, 2004)

Channel Muskingham-Cunge Not applicable — peak flows estimated only
Routing

Reservoir Modified Puls (level-pool routing) Not applicable — peak flows estimated only
Routing

F4.2 RESULTS

A summary of the peak flow results from the hydrologic analysis is presented below for the

Bench Channels and Downdrain Channels that are located on the WCA and Site Drainages

located adjacent to and downstream from the WCA. A complete list of results is provided in
Attachment F-1 (Bench Channels and Downdrain Channels) and Attachment F-2 (Site-Wide

Hydrologic Analysis).

F4.2.1 Bench Channels and Downdrain Channels — Waste Containment Area

The estimated peak flows in the Bench Channels and Downdrain Channels for the 100-year and

500-year storm events are listed in Table F-5. The peak flows reported in Table F-5 are for

locations relevant to the design, such as Downdrain Channels outlets and locations of
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transitions in channel lining type (i.e., native rock to riprap or vice-versa). The 100-year and
500-year peak flows reported for the Bench Channels is the maximum flow that was computed
for all of the Bench Channels, and these were used as the basis of design. Estimated peak
flows in the Bench Channels ranged from 1.7 cubicfeetpersecond-{cfs) to 4.8 cfs for the 100-

year storm event and from 1.9 cfs to 5.6 cfs for the 500-year storm event.

The peak flow at the end of the Pit 4 West Downdrain (Station 31+00) was also determined for
the 2-year storm event for sizing the temporary culvert that routes SW from the Pit 4 West

Downdrain to the Eastern Drainage. This peak flow was computed to be 10.5 cfs.

Table F-5 — Estimate Peak Flows at Design Locations for Bench Channels and Downdrain

Channels
Channel Station 1_00—Year Peak 5_00—Year Peak
Discharge (cfs) Discharge (cfs)
Bench Channels outlet fo downdrain 4.8 (max)’ 5.6 (max)’
ransition
10+46 22.8 25.8
Pit 4 West Downdrain 21+26 22.8 25.8
31+28 32.3 36.4
07+55 8.0 9.3
Pit 4 East Downdrain 14+00 12.1 13.9
30+27 35.0 39.9
08+9706+50 14.540.2 16418
Pit 3 West Downdrain 19+25 20.4 23.4
24+96 23.2 26.5
09+00 6.3 7.1
Pit 3 East Downdrain 17+00 13.9 15.6
21452 13.9 15.6

Notes:

1. Values listed are the maximum discharges calculated for all bench channels. This value was used as
the basis of design for all bench channels.

cfs = cubic feet per second

F4.2.2 Site Drainages and Flow Attenuation EmbankmentsBerms - Off the WCA

Table F-6 summarizes the simulated peak flows at the Site outfall and at locations in the Site
Drainages where permanent Flow Attenuation EmbankmentsBerms and culverts will be
constructed. Table F-7 summarizes the simulated peak flows for temporary SW controls that will
be installed during construction. Simulated peak flows for the design storms are reported for all

the model elements in Attachment F-2.

Comparison of simulated and estimated peak flows at the Site outfall provides a general check
on the model performance. The flow monitoring station at the Site Outfall (SW-6) measures

flow on a 15-minute interval; whereas, the model simulates flow on 1 minute intervals. The
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simulated 1-minute hydrograph at the Site outfall for existing conditions produced two peaks

(Figure F-3). The larger peak is 15.8 cfs, with a range of about 10.9 cfs to 15.8 cfs on the 15

minute interval. The primary source area for this larger peak is the disturbed mine area to the

west of Pit 3. The secondary peak, which occurred almost 10 hours after the initial peak, is 9.9

cfs. The second peak is much broader than the first and is less influenced by the sampling

interval. The range of the first peak and the second peak are, greater than, but reasonably

close to, the 100-year peak flow values (7.9 cfs) at the Site outfall that is estimated by the
USGS StreamStats (USGS, 2014). This indicates that simulated peak flows could overestimate

actual peak flows at the Site, but are within reasonable accuracy for use in design.

Table F-6 — Simulated Peak Flows at Site Outfall and Locations of Permanent
EmbankmentsBerms and Culverts in Site Drainages

Pre-Mine Post-Reclamation
Structure Model Element 100-yr, 24-hr 100-yr, 24-hr 500-yr, 24-hr
Peak Flow Peak Flow Peak Flow
(cfs) (cfs) (cfs)
Midnite Mine Outfall MM Outlet 8.3 8.1 24.0
Western Err;rt?ﬁlar;kmentBeFm J-WD-R2 23 8.0 129
Western EmbankmentBerm WD-R1 23 36 8.9
Outlet
Central Emlt;]ellgtkmentBeFm J-CW/CE 09 77 126
Central EmbankmentBerm CD-R1 09 17 43
Outlet
Eastern Emla?erlkmentBeFm J-E1 24 79 110
Eastern EmbankmentBerm ED-R5 24 15 54
Outlet
Southern Enlwr:)lz?kmentBeFm J-WE 82 92 23.7
Southern EmbankmentBerm MD-R1 8.2
Outlet
Permanent Site Maintenance
Road Culvert 2 J-WD-R6 - 8.0 12.4
Permanent Site Maintenance
RoadCulvert 3 J-WD-R5 - 8.0 12.4
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Table F-7 —Simulated Peak Flows at Locations of Temporary Storm Water Controls

T Model Construction Storm Duration | Storm Frequency | Peak Flow
Element Phase (hr) (yr) (cfs)
T West 3 100 23.1
emporary Wes
Pond Diversion J-WP-DC | End of Phase 2 23;1 ?88 39856
Channel .
24 500 18.2
- West 3 100 <0.1
emporary Wes
Pond Diversion J-WP-TB End of Phase 2 234 ?83 8?
Berm :
24 500 14
Temporary
South Pond J-CWO0 End of Phase 2 24 25 3.82.7
Diversion Berm
18 15.8 cfs |
16 .8 cfs
14
2 12
P 19.9 cfs
(]
= s
; 8 N
o 6
o
4
2
0 10 20 30 40 50
Time since start of storm (hrs)

Figure F-3 — Simulated 100-yr, 24-hr Peak Flows for Existing Conditions at Site Outfall

F4.3 EVALUATION OF POTENTIAL FUTURE LAND USE (LOGGING) IMPACTS

The planned long-range land use for the Site areas beyond the limits of the WCA could include

logaing of mature trees for up to 80 percent of the area in the drainage basin. Establishment of

trees within the limits of the capped WCA will prohibited as part of ongoing maintenance due to

concerns over potential impacts of large trees on the WCA cover system. MWH performed a

conceptual evaluation of the impacts of logging on the hydraulics of the flow attenuate

embankments, assuming that up to 80 percent of the Site beyond the limits of the capped WCA

was logged (691 acres of total 864 acres). The evaluation used the hydrologic model described
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in this report with modified Curve Numbers representing logged areas. The curve numbers for

the logged areas was set to 65 for a 50 percent woods- 50 percent grass combination land use,

representative of selective cutting of mature trees with smaller trees and understory remaining

relatively undisturbed, on a Type B soil (WDOE, 2004). The simulation results predict that the

peak flow at the Site outfall will increase from 8.3 cfs to 19 cfs for the 100-yr, 24-hr event and
from 24 cfs to 34 cfs for the 500-yr, 24-hr event.

Although the logged condition (with mature trees removed) will be a temporary condition, the

West, Central, East, and South attenutation pond embankment spillways should have the

capacity to safely convey the 100-year, 24-hour peak flows for the post-remediation logged

condition since logqging is likely to be a recurring future land use in the Site drainage basin..

Analyses of the spillways for the attenuation embankments indicate they have the capacity to

convey estimated flows associated with the 100-year, 24-hour and 500-year, 24-hour storm

events under the logged condition without overtopping the embankment crests.

F5.0 STORM WATER AND SEDIMENT CONTROL DESIGNS

SW and sediment control designs were prepared using the hydrologic analysis presented in the
previous section. The complete set of engineering drawings for these designs are in Section 6
of Volume Il of the BODR (Section 6 Drawings) with details for some of the drainage features on
the WCA shown in the Section 4 Drawings. The designs shown in these drawings are
summarized in this section, and details of the SW design structures presented in this section are

provided in calculation briefs included as attachments to this appendix.
F5.1 DESIGN COMPONENTS — ON AND OFF THE WASTE CONTAINMENT AREA

The design of the SW controls includes the following elements (see Section 6 Drawings):

o Grass-lined channels-on-the benchesof the WCA-{i.e--Bench Channels) that shed storm
water off of the WCA.

¢ Riprap-lined or native rock-lined Downdrain Channels that are positioned at WCA
boundary and are designed to collect stormwater from the Bench Channels and convey
it away from the WCA in a controlled manner.

e Transitions where the Downdrain Channels’ lining material changes from native rock to
riprap and where the Downdrain Channels flow into natural Eastern, Central, and

Western drainages.
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¢ Flow Attenuation EmbankmentsBerms on the Eastern Drainage, Western Drainage,
Central Drainage (at confluence of Central-East and Central-West Drainages), and near
the Midnite Mine outfall that are designed to reduce peak flow at the Midnite Mine outfall
from the post-remediation 100-year, 24-hour storm event to be similar to the peak flow
from the pre-mine 100-year, 24-hour storm event at the Midnite Mine outfall.

o Ditches, culverts, and turnouts to control SVW runoff along access roads which-control
e

e A temporary diversion channel designed to route clean SW around the West Pond.

e Other temporary features that will be in place during the remedial construction phases.

The SW controls design does not include drainage restoration plans for the Western, Central, or
Eastern Drainages where mine waste cleanup and sediment removal is required. Descriptions
of the remediation and revegetation plans, and best-managementpractice {BMP) for SW and
sediment retention structures during construction are provided in Appendix D and Appendix O of
the BODR.

Currently, large sections of the former Western, Central, and the Eastern Drainages are filled
and/or covered by mine waste rock. The waste material will be removed as part of the RA. The
newly exposed surface will have sections of exposed bedrock as well as sections of soil. These
remediated drainages will be regraded and-revegetated-and, where bedrock surfaces are not

too steep, they will be covered with 1 foot of soil and revegetated.

Lower sections of these drainage channels downstream-from-the-MA-are- naturally-established
drainages-thatare-covered-with-native-vegetation, including the entire Eastern Drainage

Channel and the lower portions of the Western and Central drainage channels, are naturally

established drainages that are covered with native vegetation,.- Some of the sediments in the

lower portions of these drainages are impacted by previous mining activity. These contaminated

sediments, and proximal vegetation, will be removed as part of the RA.

The intent of the RAthis-design is to facilitate the long-term development and preservation of
natural channel geometry and vegetation in the Site Drainages. Exposed soils will be re-seeded
and biodegradable erosion control blankets will be used to provide temporary stabilization of the
drainages until vegetation is re-established as discussed in detail in the Revegetation Plan in
Attachment D-12 to Appendix D of the BODR.

Where excavation of established stream sections is necessary to remove impacted sediments,

the native topography of the channel will be preserved as much as practical. These sections will
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be re-seeded/planted with vegetation and will also be lined with biodegradable erosion control

blankets to provide erosional stability until the vegetation is re-established.

Despite the use of erosion control blankets, temporary increases in sediment yields are
expected until suitable vegetation has been established and stable drainages have evolved. The
temporary increase in sediment loading will be captured by the four flow--attenuation
embankmentsberms constructed in each of the drainages (see Drawing 6-2). An'Aith-these
berms-in-place-an increase in the sediment load is not expected downstream of these
embankments.the-RA- Occasional removal of sediment from the bottom of the
embankmentsberms may be necessary until the stable revegetated drainages are re-

established.
F5.2 BENCH CHANNELS — WASTE CONTAINMENT AREA
F5.2.1 Channel Geometry and Lining

The design details for the Bench Channels are shown on Drawing 4-5184, and are summarized
in Table F-8. The Bench Channel geometry is governed by slope and bench-width
requirements for the WCA. This geometry provides acceptable flow capacity on the Bench
Channels to convey the calculated peak flows from the 500-year storm event. The Bench

Channels will be grass-lined with a cross-slope of 5 percent. The designtypical longitudinal

slopes on Bench Channel range from 0.6 percent to 3.5 percent. After long-term settlement of
the WCA, the longitudinal slopes of the Bench Channels will decreaseslope-of 2percent and are
expected to range from about 0.5 percent to 4.1 percent (see Attachment D-13 of Appendix D).

For the maximum longitudinala-eress slope, the-ef 5-percent—The-minimum estimated factor of
safety for erosional stability of the grass-lined bench channels in the 100-year, 24-hour storm

event is 3.94.5, where the factor of safety is defined as the ratio of the allowable shear stress on
the soil or grass to the estimated shear stress imparted to the soil or grass by the peak flow

from the 100-year storm. These factors of safety values assume an established stand of grass.

Calculation methods and results for the design of the bench channels are provided in
Attachment F-3.

Appendix F — Surface Water and Sediment Controls June 20153uly-2014
10099 Percent Design 30



@ mwH

Table F-8 — Typical Bench Channel Design

Bench Channel Parameter Typical Design Value
Based width (feet) 10
Side slope (z:1) 3
Cross-slope (%) 5
Depth (ft) 2.045
Linin Grass; assumes good stand (75 percent cover)
9 with height of 1-ft (minimum) and 2-ft (maximum)
500-year, 24-hour storm peak flow (cfs) 5.6
Freeboard at 500-year, 24-hour storm peak flow (at 0.756
0.52% slope) (feet) —
Factor of safety against soil erosion (under a fully
established grass stand) in 100-year storm_(at 2747
3.5% slope)
Factor of safety against grass erosion in 100-year 639

storm (at 3.5% slope)

Notes:

z = relative horizontal distance
% = percent

cfs = cubic feet per second

Revegetation guidelines for the bench channels are provided in Appendix D of the BODR. The
Bench Channel design is based on a good grass stand (75 percent cover or a stem density of
approximately 200 stems per square foot). Interim best-managementpractices{(BMPs) will be
required during construction and post-remediation until the grass stand is established. BMP

concepts are discussed in Appendix O of the BODR.

Bench channels on the WCA will be underlined with a beth-a-synthetic geemembrane-and
geocomposite drainage layer and geomembrane, whichelay-liner{GCL)—The-linersystem will

prevent water from penetrating the cover. These layers willnet extend beneath the bench
channel apron/transition areas which are located at the margins of the WCAas-thiscould-lead-to

" | : oran.

F5.2.2 Bench Channel Transitions

The Bench Channels route SW to the east and west margins of the WCA and into Downdrain
Channels. (Drawing 6-2 and in the SectionBrawing 4 Drawings-84). The Bench Channels will
discharge SW into the Downdrains Channels via riprap-lined aprons or connector channels.
The aprons and connector channels are designed to widen the area of flow and avoid flow

concentrations (details shown in the SectionBrawing 4 Drawings-85). To facilitate this
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transition, the bench channel cross-slope transitions from 5 percent to flat at the approach to the
apron. At a minimum of 35 feet upstream of the apron transition, the bench channel lining
changes from grass to riprap. At the apron, the Bench Channel widens into an apron that feeds
the Downdrain Channels. The riprap size on the apron is set equal to the size of the riprap
required in the collector Downdrain Channels. This riprap size is computed to be stable for

apron slopes up to 44 percent.

In the other situation where the Bench Channel apron flows into a native rock-lined Downdrain
Channels, the transitions aprons will be similar to that described above. The top of riprap in the

apron will align with the top of bedrock in the Downdrain Channel.

F5.3 DOWNDRAINS CHANNELS — MARGINS OF WCA

The design includes four Downdrain Channels that will run along the east and west side of the
WCA-:

e The Pit 4 West Downdrain Channel
e The Pit 4 East Downdrain Channel
e The Pit 3 West Downdrain Channel
e The Pit 3 East Downdrain Channel

Plan, profiles, and sections for the Downdrains are provided in the Section 6 Drawings
(Drawings 6-6 to 6-16-and-Drawing6-21). Calculations to support the Downdrain Channel

design are provided in Attachment F-3.
F5.3.1 Downdrain Channel Geometry and Lining

A summary of the Downdrain Channel designed geometries and linings are provided in Table F-
9.
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Table F-9 — Downdrain Channel Geometry and Lining

Side Channel . sl -
Bottom Slope Channel Channel Armor Riprap | Flow for | board at
Downdrain Station Width P Depth? B : Safety | Capacity® | Design
Angle Lining# Thickness A 5
(ft) z:1) (ft) rcles) Factor (cfs) Flow
' (ft)
0+00 to 10+46 7.5 3 1.5 Native rock - - 25.8 0.7
Pit 4 West 10+46 to 21426 | 4.05 1 1.50 Native rock - - 25.8 0.76
21+26 to 31+28 5 3 1.5 12 inch riprap 24 1.45 36.4 0.7
00+00 to 07+55 | 2.53 1 1.526 Native rock - - 9.3 0.86
Pit 4 East 07+55 to 14+00 7.08 1 1.50 Native rock - - 13.9 0.76
14+00 to 30+27 7.08 3 1.528 12 inch riprap 24 15 39.9 1.20-6
00+39 to . . 11.8
08+9706+50 5 3 1.56 | 12inch riprap o4 1.79 1.05
PitsWest | D890 00t 1 5 1 2.01.75 | Native rock ] . 234 0.9
19+25 to 24+96 5 3 1.525 12 inch riprap 24 15 26.5 0.86
00+43 to 09+00 163 1 1.50 Native rock - - 7.1 1.30-8
Pit 3 East 09+00 to 17+00 16 3 1.50 9 inch riprap 18 2.2 15.6 1.267
1768+00 to . , 15.6
2141552 3 3 1.50 9 inch riprap 18 1.6 0.94
Notes:
1. Minimum channel depth set to 1 foot
2. Limits of native rock and competency of rock require in-field verification
3. Reported riprap size is the median (Dso) stone size
4. Safety factor defined as ratio of the riprap Dso provided to the riprap Dso required
5. 500-year storm peak flow
6. Freeboard includes surface water superelevation atAt the dBowndrain section of minimum slope and or the tightest curvature

ft = feet

cfs = cubic feet per second
z = relative horizontal distance
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Large sections of the WCA surface on which the Downdrain Channels will be constructed are
currently covered by overburden material that will be removed as part of the RA. The
underlying material in which the Downdrain Channels will be constructed will include sections of
rock and other sections of soil. The Downdrain Channel design includes an estimate of the
locations of the rock and soil along the proposed Downdrain Channels. However, the exact
locations of soil and rock sections are not known with certainty and must be field-verified at the
time of construction. The Downdrain Channel design assumes that when constructed into rock
they will be inherently stable and will be able to withstand erosion from peak stormwater flow so
that counter erosion measures will not be necessary for the bedrock portions of the Downdrain
Channels. This assumption must also be field-verified by testing the competency of the rock
using the Erodibility Index Method (NRCS, 2001), as discussed in Attachment F-3. Portions of
the Downdrain Channels that will be constructed over soil will be armored with riprap to provide

erosional stability.

Downdrain Channels around the perimeter of the WCA that are excavated into fractured rock

will be slush grouted to seal open fractures.

F5.3.2 Riprap and Filter Requirements
The riprap in the Downdrain Channels must have the following characteristics. Riprap must:

o Be angular and blocky, with the length of the riprap not exceeding 2.5 times the width.
Rounded riprap should not be placed in the Downdrain Channels. If rounded riprap is
provided in other channels, the size should be increased by 40 percent (Ullmann and
Abt, 2000).

¢ Have a minimum coefficient of uniformity (C,) of between 2 and 3.
e Have a minimum specific gravity of 2.6.

e Be durable under design conditions. Durability can be tested with the durability index
test and the absorption test (ASTM C127). A durability adsorption ratio (DAR) can then
be computed as the ratio of the durability test and the adsorption test. Riprap borrow
material should be rejected if it has a DAR less than ten or a durability index less than
51.

¢ Have a minimum thickness two times the Ds (the riprap layer).

e Be underlain by an appropriate filter.
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Riprap filter requirements were determined using the Giroud (2003, 2010) filter criterion for
retention, and the gradation window for the filters was developed using the NRCS method

(NRCS, 1994). Riprap and filter gradation calculations are discussed in Attachment F-4.

Based on the estimated subgrade characteristics, two filter layers will be required between the
riprap and subgrade. The characteristic particle sizes of the two filters are alse-listed in Table F-
10. The subgrade particle size of the Downdrain Channels were assumed to be equivalent to
the Rhoads Property borrow material. This assumption should be verified in the field. The
subgrade soil and the filter layers must be compacted to 92 percent of the maximum dry density
(Standard Proctor).

Table F-10 — Downdrain Channels - Gradations for Riprap, Filters, and Subgrade

Particle Gradation Riprap? Subgrade? Coarse Filter® | Fine Filter*
Dis 6.3—-7.5in 0.004 in 0.5-1.0in 0.05-0.09in
Dso 12-14.4in 0.04 in 0.8-1.6in 0.10-0.20in
Dss 17.7-21.3in 0.17 in 1.1-22in 0.15-0.30in

Notes:

' Assumes a coefficient of uniformity of 3
2 Assumes a subgrade similar to Rhoads property extremely weathered bedrock with soil

3 Between riprap and Filter 2
4 Between Filter 2 and subgrade

in = inches
Dxx = Diameter of particle for which xx percent of particles are less than

F5.3.3 Downdrain Channel Transitions

The Downdrain Channels will include the following transitions:

e Transitions from native rock-lined to riprap-lined Downdrains
e Transitions from riprap-lined to native rock-lined Downdrains

e Transitions from rock-lined or riprap-lined Downdrains to Site drainages

Transition details are shown in the Section 6 Drawings. The exact locations of the transitions

will be determined by conditions encountered in the field during construction. Calculation
methods for the design of the transitions are provided in Attachment F-3.
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The transitions are designed to maintain the erosional stability of the Downdrain Channels at
locations where the Downdrain Channel foundations change from soil (riprap-lined Downdrain
Channels) to native rock and at the transition between the Downdrain Channel leading off the
WCA and the site drainages. Potential erosional instabilities arise because of changes in
channel cross-section or lining that result in localized zones of elevated shear stress on the
channel. The transitions provide smooth transitions between upstream and downstream
channel geometries to reduce shear stress concentrations. In transitions where the flow regime
changes from super-critical to sub-critical (e.g., rock to riprap or riprap to grass) a riprap-lined
outlet basin is designed to contain the resulting hydraulic jump. The outlet basins range from
about 11 to 15 feet with depths of 2 feet to 2.25 feet. Additional details on Downdrain transitions

are provided in Attachment F-3.
F5.3.4 Downdrains Channels at Road Crossings

Pump stations are located on the Pit 3 and Pit 4 final cover. Permanent roads will be

constructed to providecenstruction access to these locations. The access roads will cross the

designed Downdrains Channels at threefour locations (see Drawing 6-2).

o AOne-crossing-at native rock section inef the Pit 4 West Downdrain Channel
(approximate Station 18+608¢€) (see Drawing 6-7)

o ATwe-crossings-at native rock section insections-of the Pit 3 West Downdrain Channel
(approximate station 19+25approximately-Stations-08+70-and-18+10) (see
DrawingBrawings-6-12-and 6-13)

o AOne-crossing-ata riprap section inef the Pit 3 West Downdrain Channel (approximately
Station 03+0058) (see Drawing 6-1213)

Corrugated plate arch bridges will be placed to allow for vehicular passage over the channel

and water to pass under the bridges. The arch span will extend beyond the top of the channel at

all three crossings such that the design flow passes uninterrupted through the crossings (500

year peak discharge).
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F5.4 FLOW ATTENUATION EMBANKMENTSBERMS — OFF THE WCA

The primary purpose of the Flow Attenuation EmbankmentsBerms is to attenuate flow peaks

from largedissipate-the-energy-ofa storm events, particularly surge-and to limit peak flow from

the 100-year, 24-hour storm in post-remediation condition to be at or below pre-mine flows at
the Site outfall (i.e., where the Midnite Mine drainage flows into Blue Creek). -The-berms-alse

The design includes four Flow Attenuation EmbankmentsBerms (see Drawing 6-2):

o Western Flow Attenuation EmbankmentBerm is located on the Western Drainage near

the upstream side of the current Midnite Mine fence-line

o Central Flow Attenuation EmbankmentBerm is located near the confluence of the
Central-West and Central--East drainages on the downstream side of the current Midnite

Mine fence-line

o Eastern Flow Attenuation EmbankmentBerm is located on the Eastern Drainage at the

location of the current NatienalPollution-Discharge Elimination-System{NPDES) pond

e South Flow Attenuation EmbankmentBerm is located about 1,000 feet upstream of the
Site outfall

The design of these embankmentberm geometries, outlet pipes, and overflow weirs are

described below.

F5.4.1 EmbankmentBerm Geometries

The embankmentberm geometries are shown in the Section 6 Drawings and summarized in
Table F-11. All embankmentsberms are designed with 3H: 1V slopes on the downstream side.
The upstream side of the Central, Eastern, and Southern embankmentsberms will have 4H: 1V
slopes. The Western embankmentberm will have 3H: 1V slopes on the upstream side. The
embankmentberm crest widths are 12 ft.

The flow attenuation embankmenisberms are classified as intermittent storage, intermediate
height (15-feet to 50-feet) dams with a low downstream hazard potential (WDOE, 1993; 2008).
The end-of-construction static factor of safety values between 1.7 for the Eastern and Southern

Flow Attenuation EmbankmentsBerms and 1.9 for the Western and Central Flow Attenuation
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EmbankmentsBerms. The Pseudo-Static factor-of--safety values are 1.0 (Eastern and
Southern) and 1.1 (Central and Western). These factor of safety values are acceptable for the
hazard classification of the embankmentsberms. The geotechnical stability analysis of the
embankmentsberms is explained in Attachment F-5. The flow attenuation embankmentberm
designs are not subject to review by WDOE because they have storage capacities less than 10
acre-feet (WDOE, 2004; 2008).

Table F-11 — Summary of Flow Attenuation EmbankmentsBerms

Height from Height from Height from Water Water
Crest to Crest to Crest to Storage Storage
EmbankmentBerm Native Upstream Downstream Capacity at Capacity at
Ground (feet) Toe (feet) Toe (feet) Spillway Crest
(acre-feet) (acre-feet)
Western 16.5 115 21.5 2.2 3.2
Central 20.5 13.5 305 2.0 3.1
Eastern 23.0 14.0 36.0 25 3.6
Southern 175 115 26.5 2.1 3.2

F5.4.2 EmbankmentBerm Outlet Controls

Controlled SW releases from each of the embankmentsberms will be through a single 24-inch
CMP culvert. Each culvert inlet will be capped with a standpipe that includes a series of orifice
perforations. The purpose of the orifice perforations is to regulate SW releases from behind the
embankmentsberms. Sediments will likely accumulate behind the embankmentsberms during
the early post-remediation years prior to the establishment of vegetation. Periodic sediment

removal may be required during these years.

The flow attenuation embankmentsberms are designed to not be overtopped during a 100-year,
24-hour simulated peak flow event. In an event greater than the 100-year, 24-hour storm, the
embankmentsberms are designed to channelize overtopping flow through an overflow weir
(spillway) located in the crest of the embankmentberm. The overflow spillway will be riprap-
lined to prevent erosion during an overtopping event. The design of the embankment'sberm’s
overflow weirs is based on simulated peak flows from the 500-year, 24-hour event occurring

during post-remediation conditions. A riprap apron will be placed below the toe of the

embankment to prevent erosion at the pipe and spillway outlets. The riprap gradation of 9-inch
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or 12-inch will be used (see Table F-13). The suitability of this riprap for the pipe outlet was

analyzed using the methods outlined in HEC-14 (FHWA, 2006) for pipe outlet riprap aprons.

-Design parameters for the overflow weir geometry and riprap armoring are summarized in
Table F-12 and Table F-13, respectively. Spillway riprapRiprap sizing criteria were based on
the methods presented in Attachment F-3.

Table F-12 — Overflow Spillway\Weir Parameters and Geometry

Weir .
EmbankmentBerm | EmbankmentBerm Vl?liisti Side gge'trh Qo Qp (500-yr,
Name Model Element ID Slope b Allowed 24-hr)
(b) 2 (H)
(ft) Z:1 (ft) (cfs) (cfs)
Western WD-R1 16 3 2 121 8.9
Central CD-R1 16 3 2 121 4.3
Eastern ED-R5 16 3 2 121 6.8
Southern MD-R1 16 3 2 121 23.7

Table F-13 — Riprap Sizing for Embankment Overflow SpillwaysBerm-Overflows

Base 500- . .
Erpankcngern | SIS | it | Sgpe | 524 | epient| esn | sty
(ft) (ft/ft) (cfs) (inches) | (inches) | (cfs)
Western WD-R1 16 0.333 8.9 4.6 9 2.0
Central CD-R1 16 0.333 43 3.9 9 23
Eastern ED-R5 16 0.333 6.8 4.3 9 21
Southern MD-R1 16 0.333 23.7 6.6 12 1.8

F5.5 SURFACE WATER CONTROLS ALONG PERMANENT ACCESS ROADS

SW controls along permanent access roads will include the following (see Section 4 Drawings
4-52 and-4-81):

¢ Roadside ditches along the uphill side of the road

e Turnouts to convey water from the ditches, across the road, and to the downstream side
of the road

e Culverts to convey SW under roads where the roads cross natural drainages.
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Roadside ditches are designed as triangular channels with 1.5:1 side slopes and a total depth of
1 foot. The turnouts will be angled bumps across the road to transfer SW in the ditch to the
downstream side of the road. The turnouts will be spaced between 100 feet and 300 feet based
on road grade and the guidelines of the United States Forest Service (USFS, 2011). The

ditches and turnouts have capacity to convey peak flows from typical storm events, but may

overtop during extremelew-frequency storm events and require some maintenance.

Culverts will be installed under roads at locations where the roads intersect larger drainages.
(Intersections with smaller drainages will be handled with the turnouts.) Culverts will be CMP
with a minimum diameter of 24-inches to limit debris getting trapped in the culvert. These

culvert diameters provide a flow capacity greater than required for the 100-year storm event.

F5.6 TEMPORARY SURFACE WATER CONTROLS

In addition to the temporary BMPs that will be established by the construction contractor on
bench channels and impacted site drainages (the requirements are described in the SWMP
contained in Appendix O), several temporary SW control structures will be installed to control

SW during the construction phases. These temporary SW controls are listed in Table F-14.

Table F-14 — Temporary Surface Water Controls

Temporary Surface
Water Control

Construction
Phase Installed

Construction
Phase Removed

Purpose

Pit 4 West Downdrain

Divert “clean” SW in the Pit 4 West

(Drawing 6-4)

Diversion Pipe 1 2 Downdrain Channel to the Eastern

(Drawings 6-3 and 6-22) Drainage.

Hillside Waste Rock Pile Separate SW flows from remediated

Diversion Berm 1 3 (clean) and non-remediated (dirty)

(Drawing 6-3) areas of the Hillside Waste Rock Pile

South Pond Diversion Divert minor glean SW flows in Fhe Pit

Berm (Drawing 6-4) 2 3 3 East and Pit 3 West Downdrain

Channels around South Pond.

Chanme (Brawime o4 , s Divert lean SW flows in the Western
rainage around the West Pond

and 6-22)

West Pond Diversion Divert minor clean SW flows on the

BermEmbankmentBerm 2 3 upgradient hillslope of the West Pond

around the West Pond

F5.6.1 Pit 4 West Downdrain Channel Diversion Pipe

The purpose of the Pit 4 West Downdrain Channel Diversion Pipe is to capture non-impacted

SW that drains from the west side of backfilled and capped Pit 4 and divert it to the Eastern
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Drainage, thereby separating the non-impacted SW from potentially impacted areas during the
Phase 1 construction. The Pit 4 West Downdrain Channel Diversion Pipe will be an 18-inch,
high-density polyethylene (HDPE) pipe running across Area 5 between Pit 3 and Pit 4. The pipe
is sized to convey the 2-year, 24-hour storm peak flow (10.5 cfs). Storm flows in excess of this
will overtop the pipe inlet and will be conveyed to the large depression area southwest of Pit 3
(future West Pond location). The pipe will be removed in Phase 2 after the Hillside Waste Rock

Pile is removed and the West Pond Diversion is installed.

F5.6.2 Hillside Waste Rock Pile Diversion Berm

A diversion berm (or berms) will be installed to separate non-impacted SW flow from the
remediated Hillside Waste Rock (HSWR) area from impacted SW flows from the un-remediated
Hillside Waste Rock area. The berm(s) will be installed prior to the start of the HSWR
excavation (mid-late in Phase 1) and remain in place until the HSWR area has been fully
processed for use as drain rock in the pit bottoms. The location(s) of the berm(s) will be
adjusted as required during excavation and processing of the waste rock. The construction
contractor will be responsible for placement of the berm(s) as part of the construction

stormwatersterm-water management (Appendix O).

F5.6.3 South Pond Diversion Berm

The South Pond Diversion Berm will be constructed in Phase 2 to divert clean flows from the Pit
3 East Downdrain Channel and the Pit 3 West Downdrain Channel around the South Pond and
into the Eastern and Central Drainages while the South Pond is still in place. The Pit 3
Downdrain Channels will be constructed during the early backfilling of Pit 3 (Phase 2). Early in
Phase 2, the Pit 3 Downdrains will not be connected to the Central drainages, but will terminate
upstream of the South Pond. SW flows emanating from the Pit 3 Downdrain Channels will be

negligible during early Phase 2 because Pit 3 has not been backfilled above the Downdrain.

Consequently, the diversion berm-with-subsequent-overland-drainage-to-the Easternand
Central-Drainages is sufficient to manage SW flows.

F5.6.4 West Pond Diversion Channel

The West Pond Diversion Channel will collect SW clean flow in the upper Western Drainage
and divert it around the eastern side of the West Pond. Although this diversion channel is a
temporary structure, it is designed to meet the Performance Standards for the permanent SW

controls because it will be in place while the West Pond is operating, which could be up to 15
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years after the end of construction. The channel is a triangular ditch designed with side slopes
of 1.5:1 and a minimum channel depth of 3 feet. The channel foundation is expected to be
native rock; however, if the foundation is soil, then the channel will be stable with native grass
coverlining, provided that erosion control BMPs are in place until the grasses are fully

established.
F5.6.5 West Pond Diversion Berm

The West Pond Diversion Berm will be constructed to the north and west of the West Pond.
This diversion berm will divert SW flows to the south of the West Pond and into the lower
Western Drainage. SW flow rates toward this berm will be low because of the catchment area

is small. The diversion berm is sufficient to manage SW flows in this location.

F6.0 GREEN AND SUSTAINABLE REMEDIATION CONSIDERATIONS

Surface Water and Storm Water Containment includes the development of a Storm-Water

Management-Plan{SWMP,}; which is presented in Appendix O and includes best-management
practices{BMPs) for stormwater and sediment control. These BMPs are designed to govern

the construction activities and engineering controls located within the MA, surface water,
waterways, and/or wetlands. Aspects of the BMPs necessary for the Midnite RA support the

green and sustainable objectives by effectively:
e Minimizing the transport of potentially contaminated SW and sediments from the MA
¢ Limiting damage to existing vegetation, wetlands, and SW

¢ Diverting clean water away from the pits and remediation activities thus preventing its

potential contamination

e Segregating contaminated water from clean water to minimize the volume of stormwater

requiring treatment at the WTP

These activities decrease the impacts of the RA construction on the surrounding environment

and serve to limit short-term treatment of potentially contaminated stormwater.
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Figure 6. Cumulative Rainfall Hyetographs for 100-year and 500-year, 3-hour Storm
Durations

Rainfall Losses

Rainfall losses are mechanisms that capture rainfall within a catchment and reduce the amount
of total runoff at a catchment outlet. These mechanisms include rainfall interception by
vegetation, depression storage, and infiltration into soils. Rainfall losses were simulated in the
HEC-HMS model using the SCS Curve Number (CN) method. In the SCS CN method, losses
are defined using a CN value ranging from 100 (no losses) to 1 (very high losses). CNs are
selected based on soil conditions defined by soil groups and associated vegetative cover.

The assignment of the CN for the pre-mine condition was based on the recommendations from

the Surface Water Design Investigation Report prepared by Tetra Tech (2011). As reported by
Tetra Tech and shown in Table 4, the Site drainage area consists of nine soil types as

Page 9



determined by the NRCS and presented in the Soil Survey for Stevens County, Washington
(NRCS 1982; Supplement F-2.2). Tetra Tech (2011) evaluated areas outside of the mine
disturbed area from aerial photography and from the results of a hydrologic field reconnaissance
performed in 2010. The hydrologic field reconnaissance indicated that the vegetative cover in all
the undisturbed areas are classified as greater than 70 percent ground cover. Although the
Stevens County Soils surface for the site shows a portion of the Site is Skanid Loam (hydrologic
soil group B), this soil type was not encountered during the hydrologic field reconnaissance.
The other soils identified in the soils survey and in the field reconnaissance were all of
hydrologic soil group B and had similar vegetation cover. Typically, Group B soils have
between 10 and 20 percent clay, 50 to 90 percent sand, and are generally identified to have
loamy sand or sandy loam textures. The NRCS rating of Group B soil was used in conjunction
with soil condition evaluations to calculate a weighted CN based upon the percentage of an
individual sub-basin’s soil condition and soil group as depicted in Table 4. Based on this
information, Tetra Tech concluded that a single curve number of 55 could be used for the entire
area for the pre-mine condition.

Table 4. Midnite Mine Regional Soil Summary

Soil Constituents and Description Hydrologic Soil Group

Bestrom silt loam, 0% to 15% slopes

Clayton fine sandy loam, 5% to 15 slopes
Dragoon silt loam, 25% to 45 slopes

Hartill silt loam, 15% to 25% slopes

Hartill silt loam, 25% to 40% slopes

Huckleberry silt loam, 40% to 65% slopes
Narcisse silt loam

Raisio-Rock outcrop complex, 40% to 65% slopes
Spokane loam, 0% to 25% slopes

V|V O|W|W| 0| ||

Table 5 summarizes the CNs used for various soil cover conditions. The CN values were
selected from Table 4.5.2 of the SMMEW for the undisturbed and remediated soil conditions
and from the NRCS Technical Release 55 (NRCS, 1986) for the disturbed condition. A single
established remediated condition was used to represent all remediated areas. The CN value
selected for the established remediated areas primarily represents the fully established post-
remediation condition on the WCA, which will mostly consist of grasses and forbs, with some
shrubs (see Appendix D of the BODR). This condition is also representative of remediated
areas with shallow bedrock, and consequently shallow rooting depths. The CN values for
remediated areas may be conservative (i.e., under-predicting rainfall losses) for remediated
areas that can support larger shrubs and trees; however, delineating these specific remediation
areas was not done for this analysis.

Table 5. Midnite Mine Curve Numbers

Soil Condition CN Cover Type and Hydrologic Condition

Undisturbed - Good 55 Woo.ds - qud Condition (Woods are protected_ Irom
grazing, and litter and brush adequately cover the soil)

Undisturbed - Poor 66 Woods - Poor Condition (Forest litter, small trees, and

brush destroyed by heavy grazing or regular burning)*
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Herbaceous (Mix of grass, weeds, and low-growing brush,
62 with brush the minor element) - Good Condition (>70%
ground cover)*

Herbaceous (Mix of grass, weeds, and low-growing brush,
71 with brush the minor element) - Fair Condition (30-70%
ground cover)*

Herbaceous (Mix of grass, weeds, and low-growing brush,
80 with brush the minor element) - Poor Condition (<30%

Established, Remediated
Area?

Partially Established,
Remediated Area®

Unestablished, Remediated

4
Area ground cover)?
Disturbed 86 Bare sc_)il og newly graded areas (pervious areas only, no
vegetation)

Notes:
1. Table 4.5.2 of SMMEW _(WDOE, 2004)
2. Newly reclaimed areas (i.e., areas reclaimed in current construction phase)
3. Areas reclaimed in previous construction phase
4. Reclaimed areas in post-remediation condition
5. Table 2-2a and 2-2b of NRCS (1986)

The CN values were weighted for catchments with two or more soil cover conditions. In these
catchments, the total catchment area was divided into separate cover conditions. The fraction of
land assigned to each soil cover was multiplied to the assigned CN for the cover type. This was
done for each soil cover condition within the catchment. All sub-catchments were then added
together to create the weighted CN value. Supplement F-2.3 lists the watershed areas and CNs
used for each Site Remedial Action (RA) condition evaluated (pre-mine, existing, end of Phase
1, end of Phase 2, end of Phase 3, and post-remediation).

The initial abstraction, Ia (the event rainfall required for the initiation of runoff); within a
watershed is calculated as 20 percent of the maximum soil water retention, S, which is a
function of the CN as shown below:

la=02xS: s=22_1p [3]
CN

The initial abstraction of the WCA cover slopes and channels was assumed to be zero. This
assumption was made because the cover of the WCA is designed shed surface water by
limiting infiltration.

Hydrograph Transformation

The SMMEW recommends the use of the SCS Unit Hydrograph. As discussed in the National
Engineering Handbook (NEH), Chapter 16 (NRCS, 2010), the SCS Unit Hydrograph describes
the temporal distribution at which the runoff will discharge at a catchment outlet. The primary
variable used to modify the hydrograph is the-a lag time value, which is related to the time of
concentration as follows:

0.6 T, =Tigq [4]
Where:
Tiag = SCS Unit Hydrograph lag time (minutes)
T, = time of concentration (minutes)

Calculations for the time of concentration are discussed below.

Time of Concentration
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The time of concentration method specified in the SMMEW separates the time of concentration,
T,, into separate components of travel time: sheet flow (T;_,f), shallow concentrated flow (T;_),
and open channel flow (T;_,.). The sum of these individual travel times is the total time of

concentration:

T. = Tt—sf + Ti—se + Tiooc (5]

Sheet flow travel time, T;_, is calculated using a modified Manning’s roughness equation:

_ (n*LSf)O'5
Tt—sf = 042« (P2y24hr) 05 +(Ssp)04 [6]
Where:
Ti_sr = Travel time for sheet flow (minutes)
n = Manning’s roughness coefficient
Lgr = Maximum sheet flow length (ft)
Pyyr24nr = Inches of rainfall from the 2-year; 24-hour storm (1.6 inches)
So = Slope of flow path (ft/ft)

The travel times for shallow concentrated flow, T;_g., and open channel flow, T;_,., are
calculated by:

To= = and V=k/S [7]

Where:

T; = Travel time for shallow concentrated (SCF) flow or open channel (OCF) flow
(minutes)

L = Maximum flow length (ft)

% = Average velocity (feet per second; fps)

k = time of concentration velocity factor (fps)

So = Slope of flow path (ft/ft)

The time of concentration velocity factor is estimated using the following equation:
k = (1.49R%%7) /n [8]

Values for the velocity factor are tabulated in Table 4.4.1 of the SMMEW for typical channel
sections.

Input values and calculations for time of concentration and lag time are presented in
Supplement F-2.4.

Flow Lengths and Slopes
In order to determine travel times for sheet flow, shallow concentrated flow, and open channel
flow, the slopes and flow segments must be specified. Open channel flow sections are well

defined by site topography. The longest hillslope to reach the open channel segment is divided
into sheet flow and shallow concentrated flow.
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Guidance for maximum sheet flow length is discussed in the SMMEW and the NEH, Chapter 15
(NRCS, 2010). The NEH refers to the method of McCuen and Speiss (1995) for determining
sheet flow length, which is not to exceed 300 feet (WDOE, 2004):

I, < 300 or (A5 [9]
Tlhf
Where:
Lgs = Maximum Sheet Flow Length (ft)
Npf = Manning’s roughness coefficient for hillside
_ AEhf
Shr s (10]
Where:
AEp; = Change in elevation from headwaters to start of open channel flow (ft)
Lpg = Hillside flow length, from headwaters to start of open channel (ft)

Once the sheet flow length was determined, the length of shallow concentrated flow was
computed as the difference between the hillslope length and the sheet flow length. The slope of
the shallow concentrated flow was also set equal to the average hillside slope as calculated
above in Equation 10.

For catchments within the WCA, determining sheet flow, shallow concentrated flow, and open
channel flow was straightforward:

e Sheet flow occurred on the cover slopes upstream of Bench Channels
e Shallow concentrated flow occurred on the Bench Channels
¢ Open channel flow occurred in the Downdrain Channels.

Channel Routing

Routing through Site drainages was computed using the Muskinguham-Cunge routing method.
The Muskinguham-Cunge method couples the Manning formula and the convective-diffusion
equation to compute the hydrograph travel time and hydrograph peak attenuation through a
channel reach.

Channel reaches were created in the three principal drainages to connect confluence points in
the drainages. In the HEC-HMS model, the channel cross sections were specified to be either a
trapezoidal channel with a 10-foot base width and 3:1 side slopes or an irregular-shaped
channel typical of the natural drainages at the site (Figure 7). These specifications are only an
approximation of the final geometry of the channels. The Manning’s roughness coefficient was
selected to be 0.04 for all channels. The model results are relatively insensitive to channel
geometry and roughness. Routing parameters for the channel reaches are listed in Supplement
F-2.5.
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Reservoir Routing

The purpose of the flow attenuation embankmentsberms is to reduce the peak flow from the
100-year, 24-hour storm to the equivalent simulated pre-mine condition peak flow. Hydrographs
for flows routed through the berms were simulated in HEC-HMS using the Modified Puls (level-
pool) routing method. The Modified_-Puls method requires a stage-storage-discharge
relationship for each structure. The locations of the embankmentseentrel-berms are shown in
the catchment delineation figures in Supplement F-2.1 and in the Section 6 drawings. The
stage-storage-discharge relationships for the four flow attenuation embankmentsberms and for
other storage areas (the NPDES Pond, the South Pond, and the Phase 1 Excavation Area) are
given in Supplement F-2.6. The stage-storage-discharge curves are shown from upstream toe
to the invert of the emergency spillway at each flow attenuation embankmentberm. The 500-
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year, 24-hour flows were also calculated to size riprap protection on the downstream end of the
emergency spillways.

3.0 RESULTS

Simulated peak flows at the flow attenuation embankmentsberms are listed in Table 6. The
simulated peak flows entering the two culvert crossings under the Permanent Site Maintenance
Road are shown in Table 7. Table 8 shows the simulated peak flows for Phase 2 and Phase 3
along the Temporary West Pond Diversion Channel and Temporary West Pond Diversion Berm.
Peak flows along the temporary berms in Phase 2 and Phase 3 are shown in Table 9. Model
results for all hydraulic elements and hydrographs at the flow attenuation embankmentsberms
and site outfall are provided in Supplement F-2.7.

Table 6. Summary of HEC-HMS Peak Flows for Specific Locations

Pre-Mine Post-Remediation
Structure Flow Element 1D 1= o0 ahr | 100-yr, 24-hr | 500-yr, 24-hr

(cfs) (cfs) (cfs)

Western Berm Inlet J-WD-R2 2.3 8.0 12.9

Western Berm Outlet WD-R1 2.3 3.6 8.9

Central Berm Inlet J-CWICE 0.9 7.7 12.6

Central Berm Outlet CD-R1 0.9 1.7 4.3

Eastern Berm Inlet J-E1 24 7.2 11.0

Eastern Berm Outlet ED-R5 2.4 15 5.4

Southern Berm Inlet J-W/E 8.2 9.2 23.7

Southern Berm Outlet MD-R1 8.2 8.1 23.7

Mine Outlet MM Outlet 8.3 8.1 24.0
Notes: cfs = cubic feet per second

Table 7. Summary of HEC-HMS Peak Flows for Culvert Crossings Along West Access

Road
Post-Remediation Peak Flow
West Access Road Culvert ID | Flow Element ID | 100-yr, 24-hr | 500-yr, 24-hr
(cfs) (cfs)
1 J-WD-R6 8.0 12.4
2 J-WD-R5 8.0 12.4

Notes: cfs = cubic feet per second
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Table 8. Summary of HEC-HMS Peak Flows for the West Pond Diversion Channel and
West Pond Diversion Berm

Construction Storm Duration | Storm Frequency | Peak Flow
Structure | Element ID Phase (hr) (yr) (cfs)
West Pond 3 500 38.6
Diversion J-WP-DC End of Phase 2 24 100 9.9
Channel 24 500 18.4
Temporary 3 100 0.2
West Pond 3 500 2.0
Diversion J-WP-TB End of Phase 2 24 100 0.9
Berm 24 500 2.1
Notes:

Bolded values were used to design the structure
hr = hour; yr=year; cfs = cubic feet per second

Table 9. Summary of HEC-HMS Peak Flows for Temporary Berm Diversions

Element Construction Storm Duration Storm Frequency Peak Flow
Structure ID Phase (hr) (yr) (cfs)
Temporary
Central West J-CWO0 End of Phase 2 24 25 3.8
Diversion Berm
Temporary
Central East J-CEO End of Phase 2 24 25 2.9
Diversion Berm
Notes:

Bolded values were used to design the structure
hr =hour; yr=year; cfs= cubic feet per second

4.0 EVALUATION OF POTENTIAL FUTURE LAND USE
(LOGGING) IMPACTS

The long-range land use for the Site could include logging of up to 80 percent of the mature
trees in the drainage basin. A conceptual evaluation was made of the potential impacts of
logging on the hydraulics of the flow attenuation embankments, assuming that previously
undisturbed wooded areas were logged. The evaluation used the hydrologic model described
previously, with modified CNs used to represent logged areas. The curve number for the logged
areas was set to 65.5, which was derived to represent land cover with 25 percent woods in good
condition and 75 percent grass in fair_condition on a Type B soil (WDOE, 2004). This
representation assumes that logging will be selective cutting of mature trees and that smaller
trees and understory will be left intact. Assigned CN values for each catchment in the logged
scenario, post-remediation condition are provided in Attachment F-2.3. Other parameters were
kept the same as in the original post-remediation condition simulations.

Analyses of peak flows for the logged scenario were made for the post-remediation condition for
both the 100-year, 24-hour and 500-year, 24-hour events. The peak flow estimates under the
assumed logged conditions are shown in Table 10.
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Table 10. Peak Flows from Flow Attenuation Embankments for Logged Scenario, Post-
Remediation Conditions

Post-Remediation; 100-yr, 24-hr Event
Site outfall 19.3 | cfs
West Embankment 7.2 | cfs
Central Embankment 1.7 | cfs
East Embankment 4.8 | cfs
South Embankment 19.0 | cfs
Post-Remediation; 500-yr, 24-hr Event
Site outfall 34.6 | cfs
West Embankment 13.6 | cfs
Central Embankment 4.6 | cfs
East Embankment 8.6 | cfs
South Embankment 34.0 | cfs

The results predict that the peak flows at the Site outfall will increase from: 1) 8.3 cfs to 19.3 cfs
for the 100-yr, 24-hr event and 2) 24 cfs to 34.6 cfs for the 500-yr, 24-hr event when compared
to_ mature forest (without logging) conditions. Although the logged condition (with mature trees
removed) will be a temporary condition, the West, East, and South attenuation embankment
spillways will have the capacity to safely convey the 100-yr, 24-hr peak flows for the post-
remediation, logged condition since logging is a likely to be a recurring future land use and in
the Site drainage basin.. Analyses of the spillways in the attenuation embankments indicate
they do have the capacity to convey the estimated flows associated with the 100-year, 24-hour
and 500-year, 24-hour storm events under the logged condition without overtopping the
embankment crests.
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1.0 OBJECTIVE

This calculation brief is included as an attachment to Appendix F of the Midnite Mine Superfund
Site_Basis of Design Report (BODR). The objective of the calculations described in this
calculation_brief is to produce acceptable design gradation envelopes for the riprap and filter
layers to be used for lining the Downdrain Channels from the Waste Containment Area (WCA)
at the Midnite Mine Superfund Site (the Site) given the median riprap diameter and the
subgrade soil particle size distribution.

2.0 DESIGN PARAMETERS

The minimum required median-particle diameter sizes (Dso), or the particle diameter of which 50
percent of the gradation is finer, used for riprap armament on the Midnite Mine Downdrain

Channelsdewndrains are 12-inches and 9-inches_(—{The-riprap-size-is-determined-in-a-separate
caledlation—see Attachment F-3).

The gradation of the native soils which the Downdrain Channels will be constructed over is
unknown at this time because the surface is covered by mine waste rock. In order to estimate
the gradation of the soil base layer, gradation measurements taken from the Rhoads Property
soil samples for soil similar to the expected soil base layer on the Downdrain Channels
(extremely weathered bedrock with residual soil) were used. The similar soil gradations were
measured in a study conducted by Miller Geotechnical Consultants (MGC, 2011) at the Rhoads
Property borrow area located approximately 0.75 miles south and west of the Site. The
gradation of this soil is presented in Table 1.

Table 1. Soil Base Layer Gradation

Percent Finer Gr?rl’r?rr?)lze
8515 4.30.093
50 0.933
1585 0.0934-3

3.0 METHODSMEFHOBOLOGY

Riprap Gradation

The calculations for riprap stability for the riprap-lined Downdrain Channels give a minimum
required Dso based on the design flow and slope of the Downdrain Channels and the thickness
and coefficient of uniformity (Cu = Deo/D1o) of the riprap_(—Methods—and-Caleulations—are
provided-ina-separate-caleulation—see Attachment F-3).-) The minimum particle diameter for a

given percent finer along the gradation window (Dxxmin) is determined by regressing a line that
passes through the design minimum Ds at a slope that is controlled by the design Cu value.

The maximum gradation window is also linear with points defining the line maintaining a
constant ratio with the points along the minimum gradation line. The gradation window ratio is
set so that all possible gradations within the gradation window will have a Cu value above the
minimum and below the maximum acceptable Cu value. The minimum and maximum possible
coefficient of uniformity values within the gradation window was calculated as:
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D60min o _ D60mas
D10y M D10min

Cumin =

Filter Design

A riprap filter has been designed to ensure that flow between the riprap voids will not cause the
underlying soil material to scour. The gradation of the filter is designed so that the particles of
the filter are large enough that they cannot pass through the voids of the riprap layer and the
voids of the filter are small enough to prevent soil particles from washing through the filter. Two
types of filters have been designed:

e Granular filter, consisting of a fine (Type I) filter underlying a coarse (Type Il) filter
o Geotextile/granular filter, consisting of a non-woven geotextile filter underlying a coarse
(Type 1I) filter.

Design procedures for both types of filters are explained below.

Fine/Coarse Granular Filter

To ensure a well-functioning granular filter, the gradation windows of the granular filter materials
have been designed to conform to following 5-point design criteria adapted from NRCS (1994)
and Giroud (2003, 2010):

Retention Criteria

No Gap Gradation

Maximum Coefficient of Uniformity
Maximum and Minimum Particle Diameters
Gradation Segregation

ablrown=

Explanations of these criteria are presented below.
1. Retention Criteria

The filter has been designed to achieve proper particle filtration using the methods outlined by
Giroud (2003, 2010). The effectiveness of the filter at preventing scour of underlying particles is
controlled by the ratio between the D15 of the filter layer (D1s¢) to the Dgs of the underlying soil (or
base) layer (Dsss). The maximum ratio of D1s/Dgss is variable depending on the base layer
coefficient of uniformity and by the relative density of the base layer. This design assumes a
“‘medium dense” base layer, which requires a base layer compacted of at least 92 percent of
Standard Proctor. Figure 1 presents the maximum allowable D1s/Dsgss ratio as a function of Cu
for a medium dense base layer.
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Figure 1. Maximum Allowable Ratio of D1sf/Dsss as a Function of Base Layer Cu Value

2. No Gap Gradation
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The design width of the allowable filter design-band must be kept relatively narrow to prevent
the use of a possible gap--graded filter. To prevent gap gradation, the ratio of the maximum and
minimum particle size diameter at a given percent passing must be less than 5 (NRCS, 1994).
3. Maximum Coefficient of Uniformity

To further ensure the prevention of a gap--graded filter, the maximum allowable coefficient of
uniformity for the filter layer is 6 (NRCS, 1994).

4. Maximum and Minimum Particle Diameters

The maximum allowable particle diameter for any filter layer is 3 inches. The minimum particle
diameter is 0.075 millimeters (NRCS, 1994).

5. Gradation Segregation
To minimize segregation during construction, the relationship between the maximum Dgy and

minimum D1 of the filter is important. Table 2 presents the appropriate relationships between
D1igand Dgo (NRCS, 1994).
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Table 2. Appropriate Segregation Criteria

If Diois : Then Max Dgo is:
<0.5 20.0
0.5-1.0 25.0
1.0-2.0 30.0
20-5.0 40.0
5.0-10 50.0
>10 60.0
Notes:

All units are Millimeters

Geotextile Filter

The nonwoven geotextile filter has been designed as an alternate to the fine (Type I) filter.
Design criteria for the geotextile filter are the following:

Retention Criteria
Permeability Criteria
Thickness Criteria
Anti-clogging Criteria
Survivability Criteria

Explanations of these criteria are presented below.
1. Retention Criteria
The retention criteria for geotextile filters specify the apparent opening size (Ogs) for the

geotextile. The method of Giroud (2003), as explained above for granular filters, was used to
size the Ogs of the geotextile, with a translation of Ogs = D1s:/5.

2. PermeabilityPermeabilty Criteria

The minimum permeability of the geotextile was specified as (Giroud, 2003):
ks 2 maximum(ks, i*ks)

Where:
ks = permeability of the geotextile filter (centimeters per second [cm/s])
ks = permeability of the subgrade soil (cm/s)

i = hydraulic gradient on the geotextile filter (approximately 1 for channel flow).

The ks value is not known, but was estimated to be in the range of 0.005 cm/s based on the
assumed particle-size distribution of the soil base layer.

3. Thickness Criteria

The thickness criteria developed by Giroud (2003) is set to provide a minimum thickness so that
approximately all of the flow paths through the geotextile are constricted by the Ogs value.
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Giroud (2003) also derives the thickness criteria in terms of the mass per unit area, since this is
more a typical specification for geotextile than thickness:

ter = NppdpV1 —n
Where:
MeT = mass per unit area of geotextile
N = number of constrictions in flowpath (set minimum as 25)
pr = density of fiber material (~ 1380 kg/m?)
dr = fiber diameter (~ 0.03 mm)
n = geotextile porosity (~ 0.70)
4. Anti-clogging Criteria

The anti-clogging criteria, from Ten Cate, specify to use the largest Ogs needed for the retention
criteria and a minimum nonwoven geotextile porosity of 0.3.

5. Survivability Criteria

Minimum survivability criteria, developed by AASHTO (1996) are shown in Figure 2.

GRAE STRENGTH ELORGATION SEAN SEAM PFLNCTURE BURST TRAFEIOD
S i STENGTHLES | STRENMHLES | STRENTHRES TEAR LB
247 | <s0%*| 222 60 392 56
HIGH CONTALCT STRESSES
ey | 157 | x60% | 342 56 189 56
SUBSURFACE [HEAWY CONFINMG STRESSES)
DRANAGE 180 | <50%°| 162 67 305 56
LOWY COMTACT STRESSES
e | 112 | =508 | 10 40 138 40
JLIGHT COMFMNG STRESSES)
247 | <s0%*| 222 60 392 56
HIGH CONTACT STRESSES
ECT STONE PLACEMENT)
N e 202 | =50% | 182 79 247 79
ARMORED
EROSION COMNTROL
247 | <s0%*| 222 90 292 56
LOWY DORTACT STRESSES
(EAMD OR GEOTEXTILE
CUSHION) and 157 = 50% 142 56 189 R6
(DROP HEIGHT < 3F1)

" Only woven mondfiament geolexilizs are acceplable as < 50% elongabion filra-
lion geolexliles. No woven slit fim geclexlies are perrmitlad.

Figure 2. Geotextile Survivability Criteria (Ten Cate, AASHTO, 1996)

4.0 RESULTS

The calculations demonstrating TFables-of calculationresulis-outlining-the riprap and filter design

compliance with the design criteria outlined in the methodology section are provided in
Supplement F.4.1 - Riprap Gradation and Filter Design Worksheets._ The results of these
calculations are discussed below.
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Riprap Gradation

The acceptable riprap gradation window for 9-inch and 12-inch riprap is presented in Table 3
and Table 4, respectively. The resultant gradation graphs are shown in Figures 3 and 4.

Table 3. Acceptable Riprap Gradation Window for 12-Inch Riprap

) Riprap Diameter (Inches)
Percent Finer — -
Minimum Maximum
100 20.2 24.2
90 18.5 22.3
85 17.7 21.3
60 13.6 16.4
50 12.0 14.4
40 104 124
15 6.3 7.5
10 55 6.5
5 4.6 5.6

12-Inch Riprap Gradation Window
100

% 1A

o A

i 7 7

o iyt

o Dt

40 // e Nax
30 // —MiN
20 et

10 )it

V& d

Percent Finer

0.0 5.0 10.0 15.0 20.0 25.0 30.0
Particle Size (inches)
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Figure 3. 12-Inch Riprap Gradation Window
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Table 4. Acceptable Riprap Gradation Window for 9-Inch Riprap

i Riprap Diameter (Inches)
Percent Finer — -

Minimum Maximum
100 15.1 18.2
90 13.9 16.7
85 13.3 16.0
60 10.2 12.3
50 9.0 10.8
40 7.8 9.3
15 4.7 5.6
10 4.1 49
5 3.5 4.2

9-Inch Riprap Gradation Window

A | T
1 | 7
| AT
7
iy
AT
P
A
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Particle Size (inch)

9-Inch Riprap Gradation Window
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1 | 7
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%t
yayd
Vet
P
Pt
77
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Particle Size (inch)

e 111N

em— 111
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Figure 4. 9-Inch Riprap Gradation Window

For the presented gradations to be valid; riprap in the Downdrain Channels must have the
following characteristics:

o Be angular and blocky, with the length of the riprap not exceeding 2.5 times the width.
Rounded riprap should not be placed in the downdrains. If rounded riprap is provided in
other channels, the size should be increased by 40 percent (Ullmann and Abt, 2000)

¢ Have a minimum coefficient of uniformity (Cu) of between 2 and 3.
¢ Have a minimum specific gravity of 2.5.

o Be durable under design conditions. Durability can be tested with the durability index
test and the absorption test (ASTM C127). A durability adsorption ratio (DAR) can then
be computed as the ratio of the durability test and the adsorption test. Riprap borrow
material should be rejected if it has a DAR less than ten or a durability index less than
51.

¢ Have a minimum thickness two times the Ds (the riprap layer)

e Be underlain by an appropriate filter
Filter Gradation
In order to meet filtration requirements a double filter system is required. As designed, this can
either be a fine (Type |) filter underlying a coarse (Type Il) filter or a non-woven geotextile

underlying a coarse filter.

Fine/Coarse Granular Filter

A fine filter layer will first be placed over the base soil, a coarse filter will be placed over the fine
filter, and the riprap will then be place on the coarse filter. The same filter gradation window is
acceptable for use with the 12-inch and 9-inch riprap.

The gradation windows of the fine and coarse filters are presented in Table 5. The resultant

graphs for the fine and coarse filter gradation windows are presented in Figures 5 and 6
respectively.

Table 5. Fine and Coarse Filter Gradation Window and Minimum and Maximum Cu

; IS (e _Particle RIS Coarse Filter Particle Diameter (inches)
Percent Finer (inches)
Minimum Maximum Minimum Maximum
100 0.17 0.35 1.21 2.42
90 0.16 0.32 1.12 2.25
85 0.15 0.30 1.08 2.16
60 0.11 0.23 0.86 1.73
50 0.10 0.20 0.78 1.55
40 0.08 0.17 0.69 1.38
15 0.05 0.09 0.48 0.95
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Figure 5. Fine Filter Gradation Window
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Coarse Filter Gradation Window

100
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Figure 6. Coarse Filter Gradation Window
The presented gradations are only valid if each base layer (base soil layer, fine filter layer, and
the coarse filter layer) are compacted to at least 92 percent of maximum Standard Proctor dry
density.

Geotextile/Coarse Granular Filter

Minimum specifications for the geotextile filter are listed in Table 6. The coarse granular filter
requirements are as given in Table 5 and Figure 6.
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Table 5. Minimum Geotextile Requirements

Property Requirement
Geotextile Type Non-Woven, Needle-Punched
Maximum Apparent Opening Size (Ogs) 0.26
Minimum Permeability 0.005 cm/s (73 gpm/ft?)
Porosity 0.70
Minimum survivability requirements See Figure 2
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ATTACHMENT F-5

CALCULATION BRIEF:
GEOTECHNICAL ANALYSIS OF FLOW ATTENUATION
EMBANKMENTSBERMS

Revisioning

Rev. Date Description By Checked Date Reviewed
A0 11-Jul-14 :Ds:gg; for90% S. Abbaszadeh N. Haws 12-jul-14 T. Kelley
0 | 13-May-15 :;zg%‘:}fw S. Abbaszadeh N. Haws 13-May-15

Location and Format

Electronic copies of these calculations are located in the project files system at:

\\usphx2s02\Projects\Clients\Dawn Mining Company\Midnite Mine\90 Percent Design\5 -
Technical\Geotechnical\Slope Stability of the Berms\Calc Brief

The following calculations were generated using the following software:

Slope/W 2012 (Geoslope International Ltd., 2012)




1.0 OBJECTIVE

This calculation brief is included as an attachment to Appendix F of the Midnite Mine Superfund
Site Basis of Design Report (BODR). The objective of the analyses presented in this calculation
brief was to evaluate the slope stability of the four proposed Flow Attenuation
EmbankmentsBerms (the EmbankmentsBerms): Eastern, Southern, Central, and Western
Berms. The primary purpose of the Embankmentsflow—attenuation-berms is to limit peak flow
from the 100-year, 24-hour storm in post-remediation condition at the Site outfall to be at or
below pre-mine flows at the Site outfall. The Embankmentsberms will also to capture sediment
migrating from the Waste Containment Area (WCA) during the early post-remediation period.

2.0 METHODOLOGY AND ASSUMPTIONS
2.1 METHODS

Slope stability calculations were performed using Slope/W version 8.13 (Geoslope International
Ltd., 2012). Slope/W is a two-dimensional computer program that performs slope stability
computations using limit equilibrium methods. The Morgenstern-Price method (Morgenstern &
Price, 1965) with a half-sine function for interslice forces was selected for performing the
computations in Slope/W. The method can evaluate both circular and non-circular shear
surfaces and satisfies both moment and force equilibrium.

The analyses presented in this calculation brief considered circular failure modes, which are the
most realistic failure mechanism for the Berms. A minimum failure depth of 3 feet (at the
maximum slice thickness) was specified since any slide smaller than that would be considered a
maintenance issue rather than a true slope failure.

The peak ground acceleration (PGA) for a probability of exceedance of 10 percent in 250 years
at the Site for site Class B (rock) is 0.131g (MGC, 2010), where g is gravity. The PGA at the Site
was adjusted to site Class C (very dense soil and soft rock) to represent foundations conditions
for the slope stability analyses. Any soft or otherwise unsuitable foundation materials (e.g.
organic soils, peat, other deleterious materials) in the Embankmentberm footprints will be
removed during construction and replaced with compacted fill. The recommendations presented
in USGS (2013) were used to calculate the adjusted PGA. The Class C PGA at the Site is
0.157g. The strategy of representing the seismic coefficient as a function of the PGA has been
adopted in review of uranium facility design and documented by the U.S. Department of Energy
(DOE, 1989). DOE (1989) recommends the use of a horizontal seismic coefficient of 2/3 g of the
PGA for pseudo-static stability analyses for post-reclamation conditions. The U.S. Nuclear
Regulatory Commission (NRC, 2003) recommends the seismic coefficient be either 67 percent
of the PGA or 0.1, whichever is greater. Therefore, the horizontal seismic coefficient used for
the pseudo-static stability analyses is 0.105.

2.2 DESIGN CRITERIA

Design criteria selected for the evaluation of the stability of the EmbankmentsBerms are
summarized in Table 1.
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Table 1. Design Criteria — Minimum Required Factors of Safety for Stability Analyses

Minimum FOS from

Minimum FOS based

Minimum FOS

G Consent Decree Wpem DE ey Selected for Design
Guidelines
Static 1.3 1.5 1.5
Pseudo-Static 1.0 1.0to 1.1 1.0

FOS = Factor of Safety

2.3 DEVELOPMENT OF THE STABILITY SECTIONS

One section per Embankmentberm was selected to represent the most critical condition for the
slope stability analysis. These sections were located such that they pass through the proposed
Embankmentberm where the embankment fill is the highest and the foundation conditions are
the least favorable for slope stability. The locations of these sections are shown in Figure 1.

3.3 GROUNDWATER CONDITIONS

The stability analyses for the EmbankmentsBerms assume that positive pore pressures will not
develop in the proposed berms. This assumption is reasonable since the embankment materials
are expected to remain in a drained condition at all times, with water impoundment behind the
berms for only brief periods during and following storm events.

4.0 MATERIAL PROPERTY ASSUMPTIONS IN MODEL

A summary of the material properties used in the slope stability modeling of the proposed
Embankmentsberms is shown in Table 2. The basis for the selection of the material properties
for each material is described below.

Alluvium (Native)

This material is the primary foundation material for the proposed EmbankmentsBerms. The long
term (drained) strength parameters of the native alluvium were estimated based on the CU
triaxial test results presented in MWH (2012). The undrained shear strengths are estimated from
the interpretations of the CPT investigations along the toe of the SWRP (see MWH, 2012 for
more detail).

Alluvium (Compacted)

This material includes both the compacted Embankmentembankment fill and the excavated and
recompacted material at the foundation of the proposed Embankmentsberms. The long term
(drained) strength parameters were estimated based on the CU triaxial test results (MWH,
2012). The shear strength parameters for the Pseudo-Static loading are taken to be 80 percent
of the tangent of the pre-earthquake effective stress friction angle (drained) to incorporate
possible strength reduction due to strain softening.

Bedrock

The bedrock material was modeled as an impenetrable layer since the bedrock is a stronger
material that underlies a much weaker material (alluvium). Therefore, the critical slip surface is
not anticipated to penetrate through the bedrock, but rather slide along the top of the bedrock
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contact. Additionally, the focus of this study was to evaluate the stability of the proposed
embankment berms; therefore, it is reasonable to model the bedrock located at deeper depths
as an impenetrable layer.

Table 2. Material Properties Used for Slope Stability Analysis

Shear Strength
Unit Long Term (Drained) Pseudo-Static
Material Weight Costand
(pcf) gf)u?ﬂ Central and | Eastand South | Central and West
Berms West Berms Berms Berms

Alluvium @' =29 ¢'=32 ", W,
(Native) 122 ¢' =0 psf ¢ =0 psf Su/c'v = 0.56 Su/a'v = 0.56
Alluvium 129 @' =29 @' =32; Phi=23.9 Phi=26.5
(Compacted) c' =0 psf c' =0 psf c=0 psf c=0 psf
Bedrock Impenetrable

4.0 RESULTS

The factors of safety against slope stability failure that were calculated in this analysis are
summarized in Table 3 and shown in Figures 2 to 9. The required minimum factors of safety are
1.5 under static conditions and 1.0 under pseudo-static conditions as discussed in Section 2.2.
The factors of safety under static and pseudo-static conditions for all cases meet or exceed the
minimum required factors of safety.

Table 3. Factors of Safety Against Slope Failures

Factor of Safety (FOS)
Berm Static (Drained) Pseudo-Static
1.5 Minimum FOS 1.0 Minimum FOS

Eastern EmbankmentBerm 1.7 1.0
Southern 1.7 1.0
EmbankmentBerm

Western 1.9 1.1
EmbankmentBerm

Central EmbankmentBerm 1.9 1.1

As can be seen in Figures 2 through 9, the critical failure surfaces in all cases involve shallow
surface failures in the downstream face of the embankment. None of the critical failure surfaces
identified cut back far enough into the crest to result in a potential breach of the Stormwater
impoundment.
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