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F1.0 INTRODUCTION 

This appendix to the Midnite Mine Superfund Site Basis of Design Report (BODR) 

presentsprovides the detailedanalysis and design information forof 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 SWfor post-

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: 

 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). 

 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. 

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

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

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

roads. 

 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 
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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 O4.0 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 (Section F3.0) 

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

F4.0) 

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

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

F6.0) 

The analyses and designs presented in this appendix are prepared for the 90 percent design 

submittal.  

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.  
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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 (WTP) 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).  
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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. 

 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). 
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   Table F-1 - Stream Gages at or near Midnite Mine 

Station 
ID 

Installed by Location Description 
Location 

Coordinates 
Period of 
Operation 

Data 
Collection 
Frequency

Average 
Daily 
Flow 
(cfs) 

Measured 
Peak 

Flow (cfs) 

100-yr 
Peak 
Flow 
(cfs)1 

12433556 
(SW-6) 

USGS2 

On the Midnite Mine 
drainage at the 
confluence of the 
Western, Central, and 
Eastern drainages 
upstream of Blue Creek 

47°55’28” N, 
118°05’28” W 

6/16/1984-
present 

15 minutes 0.4 5.3 7.9 

12433542 
(SW-4) 

USGS2 
On Blue Creek, upsteam 
of Midnite Mine Drainage 

47°55’26” N, 
118°05’22” W 

6/17/1984-
present 

15 minutes 1.29 60 80 

12433558 USGS 
On Blue Creek, 
downstream of Midnite 
Mine Drainage 

47.55”24’ N, 
118.05”25’ W 

6/17/1984 - 
9/30/1988 

15 minutes N/A N/A N/A 

SW-11 Tetra Tech 
On Eastern Drainage at 
confluence with Central 
Drainage 

47°55’43” N, 
118°05’30” W 

6/10/2010 - 
present 

15 minutes ~0.25 ~1 N/A 

SW-12 Tetra Tech 
On Central Drainage 
upstream of confluence 
with Eastern Drainage 

47°55’46” N, 
118°05’35” W 

6/10/2010 - 
present 

15 minutes ~0.01 cfs ~0.04 N/A 

WDAC Tetra Tech 

On Western Drainage 
upstream of confluence 
with Central and Eastern 
Drainages 

47°55’35” N, 
118°05’34” W 

6/10/2010 - 
present 

15 minutes ~0.05 ~0.8 N/A 

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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   Figure F-2 – Historical Post-Mining Precipitation at the Site and Historical Post-Mining Stream Flow at the Midnite Mine 
Drainage Outfall
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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. 

 Excavation, consolidation, and capping of mine wastes in Pit 3 and Pit 4  

 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 containment 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 management practices (BMPs) will be installed in the Site 

Drainages that are impacted by the construction and maintained until vegetation in the 

drainages is established.  StormwaterStorm 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. 
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F3.0 BASIS OF ANALYSIS AND DESIGN 

The basis of analysis and design of SW and sediment controls are based on 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. 
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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 
Number 

Performance Standard CD SOW Reference Number 

2.3.18 B.iii Work that occurs within SW bodies 
shall be performed in accordance 
with the requirements of the SWMP 
in the approved Remedial Action 
Work Plan to minimize sediment 
migration from the Work Area and 
mitigate damage to existing 
vegetation. All such Work shall be 
performed in a manner that limits 
harm to wetlands and SW. In 
addition, the Work shall be performed 
in a manner that minimizes the 
release of sediments beyond the 
Work Area. BMPs shall be employed 
and refined as necessary to minimize 
the release of sediment. 

With a few specific exceptions (e.g., sediment 
cleanup within drainages; construction of the WTP 
effluent pipeline in the Blue Creek Delta), the RA 
work will not occur within surface water bodies.  To 
the maximum extent practical, sediment cleanup 
within drainages will be conducted during summer 
and early autumn when water typically is not 
present in the intermittent drainages.  Excavations 
for installing the WTP effluent pipeline only will 
occur above the water line of the Blue Creek delta; 
all pipeline/diffuser materials below the water line 
will be placed on the streambed or lakebed 
surface.  The SWMP in Appendix O contains the 
BMP catalog, including BMPs to minimize the 
transport of sediments to adjacent water bodies. 

2.3.18 B.iv Any dewatering or diversion of SW 
and groundwater shall be performed 
in a manner that minimizes the 
release of sediments to the extent 
practicable beyond the Work Area 
and limits harm to wetlands and SW. 

See response to 2.3.18 B.iii above. The majority of 
excavation activities are expected to occur above 
the water table.  If groundwater is encountered or if 
stormwater accumulates in the excavations, the 
water will be contained and transferred to surface 
water impoundments and then treated if necessary. 

2.3.24 All water requiring treatment shall be 
conveyed to and treated at the water 
treatment plant operating at the time 
of conveyance. 

Surface Water – During the RA, surface water that 
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. 
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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 Water and Stormwater Management and Controls During Excavation  
2.4.2.3.2 
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 Appendix F - Surface Water and 
Sediment Controls describes how clean water will 
be shed away from contaminated areas during 
various stages of the RA. 
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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. 

2.4.2.3.2 
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 in response to 2.4.2.3.2 
B.i. above, water is captured and conveyed to the 
operating WTP. Clean water will be segregated 
from that comes into contact with contaminated 
water usingmaterials will be separated and 
contained by the designs and engineering controls 
discussed in this Appendix F (i.e., (channels, 
embankmentsberms,  grass lined benches, etc).) 
discussed in this Appendix F.  This water will be 
pumped to larger ponds (e.g., Pit 3 or the South 
Pond or the West Pond) for storage then pumped 
to either the existing WTP or the new WTP for 
treatment prior to discharge to the Spokane River 
Arm of Lake Roosevelt.  The water from the area 
under remediation will be assumed to be “dirty” 
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”. 

2.4.2.3.2 
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 
(Section 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)  

CD SOW 
Reference 
Number 

Performance Standard CD SOW Reference Number 

2.4.2.3.2 
B.iv. 

Surface water and stormwater 
controls and water collection and 
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. 

The temporary SW and sediment controls are 
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 I).The surface water and sediment 
controls are designed as discussed in this 
Appendix F (specifically Section F9) and shown on 
the associated drawings in Section 6.  Each phase 
of construction and the associated layout of 
channels and berms are depicted in Section 6.  
The designs of the temporary water collection and 
conveyance systems is discussed and depicted in 
Appendix E -Water Management Ponds (Sections 
E4.0 and E5.0) and the Section 5 drawings. 
Appendix J (Influent/Effluent Pipeline Design) 
discusses the temporary and permanent influent 
pipeline design and construction for conveyance of 
the water from the ponds to the WTP.  Section J5.0 
includes details of the position of the influent line 
during the construction phases.  The temporary 
and permanent influent pipeline designs are 
provided in Section 10 of the drawings.  As 
discussed throughout these design appendices 
and depicted in the design drawings, temporary 
sediment and surface water control and 
conveyance structures will be constructed and later 
removed during the RA.  These temporary 
engineering structures will be replaced by 
permenant structures at the end of the RA as 
discussed and designed in Appendices F (Section 
6 drawings) and J (Section 10 drawings). 
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2.4.2.3.2 
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 
will be used during and after the 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 
provided a memorandum entitled Midnite Mine - 
Management of Stormwater Runoff from 
Remediated Areas on March 22, 2013 that 
discusses how SW/stormwater will be managed 
during the RA through the use of a Construction 
SWPPP.   

Temporary Facilities During Construction Activities 
2.4.2.4.2 A. 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. Water requiring 
treatment shall be conveyed as soon 
as practicable to the WTP for storage 
and treatment. 

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 
II describe/illustrate how surface water and 
impacted site water will be managed upon 
completion of each major phase of construction. 
Water will be transferred to the WTP as soon as 
practicable in order to maintain capacity in the 
impoundments for  
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Table F-2 – Midnite Mine Performance Standards Applicable to Surface Water and 
Sediment Controls (Page 5 of 6)  

CD SOW 
Reference 
Number 

Performance Standard CD SOW Reference Number 

 Water requiring treatment shall be 
conveyed as soon as practicable to 
the WTP for storage and treatment. 

upon completion of each major 
phase of construction. Mine-affected 
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 Water Management – Pits 3 and 4 
2.4.2.4.2 
C.ii. 

Facilities shall be constructed to 
divert clean SW away from the pits. 
The diversion facilities shall be 
designed using standard engineering 
techniques for 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 event. 

The design information is presented 
throughout this Appendix F for 
diverting clean SW away from the 
pits. The conveyance capacity of 
these diversion facilities has been 
designed for the 500-year, 24-hour 
storm event. Erosion protection has 
been designed for the 100-year, 24-
hour event.   

2.4.2.4.2 
C.iii. 

To the degree practicable, clean SW 
shall be segregated from 
contaminated water to minimize 
water volumes requiring treatment. 

The RA will be performed in phases 
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. 

2.4.2.4.2 
C.iv. 

Contaminated surface water shall be captured and 
treated in the WTP. 

This Appendix F contains the 
temporary engineering control 
designs that will be constructed to 
capture and convey contaminated 
water to the Water Management 
Ponds (discussed in Appendix E).  
Water from these temporary ponds 
will be conveyed either to the Water 
Management Ponds described in 
Appendix E or directly to the 
equalization pond at the new WTP 
for treatment.   
Additionally, the SWMP in Appendix 
O (which includes the BMP catalog) 
describes how the Construction 
SWPPP, will be updated annually to  

 
  



 
 

Appendix F – Surface Water and Sediment Controls  June 2015July 2014 
10090 Percent Design 19  

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

CD SOW 
Reference 
Number 

Performance Standard CD SOW Reference Number 

  reflect temporary facilities employed 
to capture and convey stormwater to 
the WTP at intermediate phases of 
construction. 

Pits 3 and 4 Mine Waste Consolidation 

Surface Water – Backfilled Pit Area 
2.4.2.5 C.i. Facilities shall be constructed to 

divert SW away from the BPA. The 
diversion facilities shall be designed 
using standard engineering 
techniques for 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 event. 

This Appendix F describes the 
phases of the RA in Section F2 and 
the necessary design structures for 
containment of design storms.  The 
design drawings in Section 6 depicts 
a series of Bbench channels and 
Downdrains that have been 
designed to convey surface water 
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. To the degree practicable, clean SW 
shall be segregated from 
contaminated water to minimize 
water volumes requiring treatment. 

This work will be performed as part 
of the Phase 2 Pit 3 remediation as 
depicted in Drawing 6-2.  Refer to 
2.4.2.4.2 C.iii above. 

2.4.2.5 C.iii. Contaminated SW shall be captured and treated in 
the WTP. 

This work will be performed as part 
of the Phase 2 Pit 3 remediation as 
depicted in Drawing 6-2.  Refer to 
2.4.2.4.2 C.iv above. 

Mine Waste Excavation and Consolidation 
2.4.2.5 E.i. 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 Downdrainbench 
channels and Downdrains that 
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collect and convey surface water off 
offrom 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 
2.4.2.5 F.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 methodologies 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 short-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).  

F4.1.2 Site Drainages and Flow Attenuation Berms – Off the WCA 
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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 permanenttemporary 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) 

 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) 

 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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 A diversion embankmentberm around the north side of the South Pond that will be 

constructed during Phase 2 (South Pond Diversion EmbankmentBerm – See Drawing 6-

4) 

 A diversion 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 

Item 
Site-Wide Hydrology and Flow 

Attenuation EmbankmentsBerms 
Bench Channels and Downdrains 

Analysis 
Method 

SCS Method per SMMEW (WDOE, 
2004), Section 4.4 

Rational Method per SMMEW (WDOE, 
2004), Section 4.7. 

Numerical 
Model 

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

Catchment 
Delineation 

AutoCAD Civil 3d - 2013 AutoCAD Civil 3d – 2013,  

 
Design Storm Input Variables 
Storm 
Frequency  

100-yr (Erosional Stability); 500-yr, 
(Channel Capacity); 25-yr, (Temporary 
channels) 

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

Storm 
Duration 

24 hours; 3-hour event also evaluated for 
Temporary West Pond Diversion 

Equal to the catchment time- of- 
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 
Distribution 

SCS Type-IA Not applicable – peak flows estimated only 

Rainfall 
Losses 

SCS Curve Number  Rationale rainfall loss coefficient 

 
Hydrograph Transformation 
Unit 
Hydrograph 

SCS Unit Hydrograph Not applicable – peak flows estimated only 

Time of 
Concentration 

SCS TR-55 Method (NRCS, 1986; 
WDOE, 2004) 

SCS Method per SMMEW, Section 4.7.2 

Channel 
Routing 

Muskingham-Cunge Not applicable – peak flows estimated only 

Reservoir 
Routing 

Modified Puls (level-pool routing) Not applicable – peak flows estimated only 

 

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 cubic feet per second (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 
100-Year Peak 
Discharge (cfs) 

500-Year Peak  
Discharge (cfs) 

Bench Channels 
outlet to downdrain 

transition 
4.8 (max)1 5.6 (max)1 

Pit 4 West Downdrain 
10+46 22.8 25.8 
21+26 22.8 25.8 
31+28 32.3 36.4 

Pit 4 East Downdrain 
07+55 8.0 9.3 
14+00 12.1 13.9 
30+27 35.0 39.9 

Pit 3 West Downdrain 
08+9706+50 14.510.2 1611.8 

19+25 20.4 23.4 
24+96 23.2 26.5 

Pit 3 East Downdrain 
09+00 6.3 7.1 
17+00 13.9 15.6 
21+52 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 

Structure Model Element 

Pre-Mine Post-Reclamation 

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 EmbankmentBerm 

Inlet 
J-WD-R2 2.3 8.0 12.9 

Western EmbankmentBerm 
Outlet 

WD-R1 2.3 3.6 8.9 

Central EmbankmentBerm 
Inlet 

J-CW/CE 0.9 7.7 12.6 

Central EmbankmentBerm 
Outlet 

CD-R1 0.9 1.7 4.3 

Eastern EmbankmentBerm 
Inlet 

J-E1 2.4 7.2 11.0 

Eastern EmbankmentBerm 
Outlet 

ED-R5 2.4 1.5 5.4 

Southern EmbankmentBerm 
Inlet 

J-W/E 8.2 9.2 23.7 

Southern EmbankmentBerm 
Outlet 

MD-R1 8.2   

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  

Structure 
Model 

Element 
Construction 

Phase 

Storm Duration Storm Frequency Peak Flow 

(hr) (yr) (cfs) 

Temporary West 
Pond Diversion 
Channel 

J-WP-DC End of Phase 2  

3 100 23.1 
3 500 38.6 
24 100 9.9 
24 500 18.2 

Temporary West 
Pond Diversion 
Berm 

J-WP-TB End of Phase 2 

3 100 <0.1 
3 500 0.5 
24 100 0.7 
24 500 1.4 

Temporary 
South Pond 
Diversion Berm 

J-CW0 End of Phase 2 24 25 3.82.7 

  

 

 

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 

logging 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 logging 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 II 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): 

 Grass-lined channels on the benches of 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. 

 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. 

 Ditches, culverts, and turnouts to control SW runoff along access roads which control 

SW runoff 

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

 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 management practice (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 that are 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 



 
 

Appendix F – Surface Water and Sediment Controls  June 2015July 2014 
10090 Percent Design 30  

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).  AnWith 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 4-8184, 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 2 percent 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 cross slope, the of 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 3.91.5, 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. 
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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) 2.01.5 

Lining 
Grass; assumes good stand (75 percent cover) 
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 
0.52% slope) (feet) 

0.756 

Factor of safety against soil erosion (under a fully 
established grass stand) in 100-year storm (at 
3.5% slope) 

2747 

Factor of safety against grass erosion in 100-year 
storm (at 3.5% slope) 

6.3.9 

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 management practices (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 both a synthetic geomembrane and 

geocomposite drainage layer and geomembrane, whichclay liner (GCL).  The liner system will 

prevent water from penetrating the cover.  These layers willnot extend beneath the bench 

channel apron/transition areas which are located at the margins of the WCAas this could lead to 

stability problems for the riprap.   

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 SectionDrawing 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 SectionDrawing 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 :  

 The Pit 4 West Downdrain Channel  

 The Pit 4 East Downdrain Channel  

 The Pit 3 West Downdrain Channel 

 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 Drawing 6-21).  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  

Downdrain Station 
Bottom 
Width 

(ft) 

Side 
Slope 
Angle  
(z:1) 

Channel 
Depth1 

(ft) 

Channel 
Lining2,3 

Channel 
Armor 

Thickness 
(inches) 

Riprap 
Safety 
Factor4

Design 
Flow for 

Capacity5 
(cfs) 

Free-
board at 
Design 
Flow6 

(ft)  

Pit 4 West 

0+00 to 10+46 7.5 3 1.5 Native rock - - 25.8 0.7 

10+46 to 21+26 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 

Pit 4 East 

00+00 to 07+55 2.53 1 1.525 Native rock - - 9.3 0.86 

07+55 to 14+00 7.08 1 1.50 Native rock - - 13.9 0.76 

14+00 to 30+27 7.08 3 1.525 12 inch riprap 24 1.5 39.9 1.20.6 

Pit 3 West 

00+39 to 
08+9706+50 

5 3 1.50 12 inch riprap 
24 

1.79 
11.8 1.0.5 

08+9706+50 to 
19+25 

5 1 2.01.75 Native rock 
- 

- 
23.4 0.9 

19+25 to 24+96 5 3 1.525 12 inch riprap 24 1.5 26.5 0.86 

Pit 3 East 

00+43 to 09+00 163 1 1.50 Native rock - - 7.1 1.30.8 

09+00 to 17+00 16 3 1.50 9 inch riprap 18 2.2 15.6 1.20.7 

1709+00 to 
21+1552 

3 3 1.50 9 inch riprap 
18 

1.6 
15.6 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 (D50) stone size 
4. Safety factor defined as ratio of the riprap D50 provided to the riprap D50 required 
5. 500-year storm peak flow 
6. Freeboard includes surface water superelevation atAt the dDowndrain 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: 

 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 (Cu) of between 2 and 3. 

 Have a minimum specific gravity of 2.6. 

 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 D50 (the riprap layer). 

 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 also 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 Riprap1 Subgrade2 Coarse Filter3 Fine Filter4 

D15 6.3 – 7.5 in 0.004 in 0.5 – 1.0 in 0.05 - 0.09 in

D50 12 – 14.4 in 0.04 in 0.8 – 1.6 in 0.10 - 0.20 in

D85 17.7 – 21.3 in 0.17 in 1.1 – 2.2 in 0.15 - 0.30 in

Notes: 
1 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: 

 Transitions from native rock-lined to riprap-lined Downdrains 

 Transitions from riprap-lined to native rock-lined Downdrains 

 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 provideconstruction access to these locations.  The access roads will cross the 

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

 AOne crossing at native rock section inof the Pit 4 West Downdrain Channel 

(approximate Station 18+6080) (see Drawing 6-7) 

 ATwo crossings at native rock section insections of the Pit 3 West Downdrain Channel 

(approximate station 19+25approximately Stations 08+70 and 18+10) (see 

DrawingDrawings 6-12 and 6-13) 

 AOne crossing at a riprap section inof the Pit 3 West Downdrain Channel (approximately 

Station 03+0050) (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). 

The roads will cross the Downdrain Channels over bridges.  Storm water will be channeled 

under the bridges through two 24-inch corrugated metal pipe (CMP) culverts that will be 

installed in parallel.  Armoring of the culvert inlet an outlet is not required for the culverts at the 

crossing locations at native rock sections, provided the rock meets competency criteria (see 

Attachment F-3).  For the one crossing of a Downdrain riprap section, the Downdrain Channel 
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will be lined with 24-inch riprap for 6 feet downstream of the culvert outlets (per the guidelines of 

the SMMEW) (Drawing 6-24). 

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 of a 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 also 

will capture any sediment migrating from the WCA during the early post-remediation period.  

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

 Western Flow Attenuation EmbankmentBerm is located on the Western Drainage near 

the upstream side of the current Midnite Mine fence-line 

 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 

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

location of the current National Pollution Discharge Elimination System (NPDES) pond 

 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 embankmentsberms 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 

EmbankmentBerm 

Height from 
Crest to 
Native 

Ground (feet) 

Height from 
Crest to 

Upstream 
Toe (feet) 

Height from 
Crest to 

Downstream 
Toe (feet) 

Water 
Storage 

Capacity at 
Spillway 

(acre-feet) 

Water 
Storage 

Capacity at 
Crest  

(acre-feet) 

Western  16.5 11.5 21.5 2.2 3.2 

Central 
 

20.5 13.5 30.5 2.0 3.1 

Eastern 
 

23.0 14.0 36.0 2.5 3.6 

Southern 
 

17.5 11.5 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 SpillwayWeir Parameters and Geometry 

EmbankmentBerm 
Name 

EmbankmentBerm 
Model Element ID 

Base 
Width 

(b) 

Weir 
Side 

Slope 
(Z) 

Weir 
Depth 

(H) 

Qp 
Allowed 

Qp (500-yr, 
24-hr) 

 (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 

EmbankmentBerm  
EmbankmentBerm 
Model Element ID 

Base 
Width 

(b) 

Slope 
(S) 

Qp (500-
yr, 24-

hr) 

Incipient 
D50 

Design 
D50 

Safety 
Factor 

 (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 4.3 3.9 9 2.3 

Eastern ED-R5 16 0.333 6.8 4.3 9 2.1 

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 4-61): 

 Roadside ditches along the uphill side of the road  

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

of the road 

 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 extremelow 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 
Diversion Pipe 
(Drawings 6-3 and 6-22) 

1 2 
Divert “clean” SW in the Pit 4 West 
Downdrain Channel to the Eastern 
Drainage. 

Hillside Waste Rock Pile 
Diversion Berm 
(Drawing 6-3) 

1 3 
Separate SW flows from remediated 
(clean) and non-remediated (dirty) 
areas of the Hillside Waste Rock Pile 

South Pond Diversion 
Berm (Drawing 6-4) 

2 3 
Divert minor clean SW flows in the Pit 
3 East and Pit 3 West Downdrain 
Channels around South Pond. 

West Pond Diversion 
Channel (Drawing 6-4 
and 6-22) 

2 3 
Divert clean SW flows in the Western 
Drainage around the West Pond 

West Pond Diversion 
BermEmbankmentBerm 
(Drawing 6-4) 

2 3 
Divert minor clean SW flows on the 
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 

stormwaterstorm 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 Eastern and 

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:  

 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  

 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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1.0 OBJECTIVE 

This calculation brief to Appendix F (Surface Water and Sediment Controls) of the Midnite Mine 
Superfund Site 90 Percent Basis of Design Report (BODR) provides the analysis methodology, 
parameter values, and computed peak design flows that were used as the basis for design of 
the Bench Channels and the Downdrain ChannelsDowndrains that will transport stormwater 
flows away from the Waste Containment Area (WCA).  The explanation of the design of the 
Bench Channels and Downdrain Channels is presented in a separate calculation brief (see 
Attachment F-3). 
 

2.0 DESIGN CRITERIA 

The Consent Decree Statement of Work (CD, SOW) for the Midnite Mine Superfund Site (Site) 
provides the following performance standard for design: 
 

 CD SOW Reference Number 2.4.2.4.2 C.ii - Facilities shall be constructed to divert clean 
SW away from the pits (i.e., Pits 3 and 4). The diversion facilities shall be designed using 
standard engineering techniques for 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 
event. 

 
Hydrologic analysis of the Waste Containment Area (WCA) was conducted for the 100-year and 
the 500-year storm events using the Rational Method as described in the Stormwater 
Management Manual for Eastern Washington (SMMEW; WDOE, 2004). The Rational Method is 
most applicable for small, developed catchments.  Use of the Rational Method  allows the 
consideration of short-duration, high-intensity storm events.  The peak flows generated from 
short-duration storms can exceed the peak flows generated from the 24-hour storms for small, 
steep catchments such as the WCA.  Although not required by the Performance Standards, 
consideration of short-duration stormsThe additional conservatism (i.e., design beyond the 
performance standard requirement) is appropriate because (1) short-duration thunderstorms do 
occur at the Site during the late spring and summer and (2) erosion of storm water controls 
within the WCA might compromise the integrity of the containment cover.      
 

3.0 METHODSOLOGY 

The Rational Method equation is: 
 

	                               [1] 
 
Where : Q = Peak stormwater discharge, cubic feet per second (ft3/s) 
              C = Runoff coefficient (-) 
               i = Design rainfall intensity, inches per hour (in/hr) 
              A = Basin contribution area, acres  
 
Runoff Coefficient (C)  
 
C values were selected from Table 4.7.1 of the SMMEW.  The cover type “Side Slope, Turf, 
Hilly – Over 10%” topography was selected for sub-basin areas within the WCA. The cover type 
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“Woodlands and Forest, Hilly – Over 10%” topography was selected for sub-basin areas on the 
adjacent hillside. The values presented in the table for the “Side Slope, Turf” and “Woodland 
and Forest” are 0.3 and 0.2 respectively. 
 
The C coefficients presented in SMMEW Table 4.7.1 represent values corresponding to the 10-
year storm event. In the 100-year and 500-year events, a lower percentage of rainfall will 
infiltrate into the ground due to the higher rainfall intensity. To account for this, the SMMEW 
suggests that loss coefficient values should be increased by 25 percent. Applying this increase 
produces loss coefficient values of 0.375 and 0.250 for the WCA and adjacent hillside areas, 
respectively.   
 
A composite runoff coefficient (Cc) was developed for sub-basins that captured runoff from both 
the WCA and the adjacent hill side.  The Cc valuecomposite precipitation loss coefficient (C) for 
each sub-basin was then computeddeveloped using an area-weighted average: 
 

∗ ∗ 	
 

 
Where: Cc = Composite precipitation loss coefficient 
            CWCA = Waste containment area loss coefficient 
            AWCA = Sub-basin area within the waste containment area 
            Csh = Adjacent side hill loss coefficient 
            Ash = Sub-basin area with the adjacent side hill 
            Asb = Sub-basin total area 
 
Design Rainfall Intensity (Ii) 
 
The design rainfall intensity is the peak rainfall that occurs within the design storm frequency 
(100-yYear or 500-yYear) over a duration that allows for the entire sub-basin to contribute flow 
at the sub-basin point of discharge. The storm duration that allows for flow contribution from the 
entire sub-basin is determined by the time of concentration (Tc).  The Tctime of concentration is 
the time required for the surface runoff to flow from the most hydraulically most remote part of 
the drainage basin to the point of discharge and includes sheet flow, shallow concentrated flow, 
and channelized flow:  
 

	                                            [2] 
 

Where: Tc = Time of concentration, minutes 
             Tsf =  Sheet flow travel time, minutes 
             Tsc = Shallow concentrated flow travel time, minutes 
             Tcf = Channelized flow travel time, minutes 
 
The sheet flow segment was the portion of the flow path that travels down the WCA sloped 
surface. The shallow concentrated flow segment was the portion of the flow path that travels 
down the grass-lined Bench Channels.bench channels. The channelized flow segment was the 
portion of the flow path that travels down the WCA Downdrain Channels.Downdrains. The travel 
time of each segment was calculated using the following expression:  
 

, ,
, , ∗ , ,

.
		
                                             [3] 
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Where: L = Length of the segment analyzed, feet (ft) 
            ksf,sc,cf = Ground cover coefficient for each segment, (-) 
            Ssf,sc,cf = Slope of the segment analyzed, ft/ft 
 
Once the time of concentration is determined, the design rainfall intensity is calculated as: 
 

,
,
,

                                    [4] 

 
Where: I100,500 = Rainfall intensity for the 100-year and 500-year events, inches per hour  
            M100,500 = Constant rainfall coefficient for the 100-year and 500-year events, unitless 
            N100,500 = Constant rainfall coefficient for the 100-year and 500-year events, unitless 
 
 
The parameters M100 and N100 have been calibrated to local hydrologic conditions for the area 
surrounding Spokane, Washington (WDOE, 2004SMMEW).  The parameter values for the 500-
year event were extrapolated using a logarithmic regression on the values provided in Table 
4.7.2 of the SMMEW. 
 
Basin Contribution Area (A) 
 
The basin contribution area was determined by delineating watersheds from the 90% design 
WCA grading plan (MWH, 2014).  As changes in grading between the 90% and 100% design 
are not hydrologically significant, these delineations are carried forward for the 100% design. 
The basin delineation maps are presented in Supplement F-1.1.   
 

4.0 PARAMETER VALUES 

The values used as input parameters for the WCA hydrologic analysis as well as the source of 
the values used are presented in Table 1. 
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Table 1.  Input Parameters for the WCA Hydrologic Analysis 

Parameter Value Unit Description Source 
CWCA 0.375 - Precipitation Loss 

coefficient for WCA  
SMMEW, Table 4.7.1, Section 4.7.1 

Csh 0.25 - Precipitation loss 
coefficient for side hill 
area 

SMMEW, Table 4.7.1, Section 4.7.1 

Ksf 420 - Ground cover coefficient 
for sheet flow (short 
pasture and grass) 

SMMEW, Table 4.7.3 

Ksc 420 - Ground cover coefficient 
for shallow concentrated 
flow (short pasture and 
grass) 

SMMEW, Table 4.7.3 

Kcf
1  1200 - Ground cover coefficient 

for open channel flow 
(wide channel) 

SMMEW, Table 4.7.3 

M100 12.33 - Rainfall coefficient for 
100-year event in 
Spokane, WA 

SMMEW, Table 4.7.2 

M500
2 15.91 - Rainfall coefficient for 

500-year event in 
Spokane, WA 

SMMEW, Table 4.7.2 

N100 0.64 - Rainfall coefficient for 
100-year event in 
Spokane, WA 

SMMEW, Table 4.7.2 

N500
2 0.69 - Rainfall coefficient for 

500-year event in 
Spokane, WA 

SMMEW, Table 4.7.2 

Ssf Varies ft/ft Sheet flow slope from 
WCA Grading Plan  

MWH, 2014 

Ssc Varies ft/ft Shallow concentrated flow 
slope from WCA Grading 
Plan 

MWH, 2014 

Scf Varies ft/ft Channelized flow slope 
from WCA Grading Plan 

MWH, 2014 

A Varies ft2 Sub-basin area delineated 
from the WCA Grading 
Plan 

MWH, 2014 

Notes 
1. Value extrapolated by fitting regression equation to the values provided in SMMEW Table 4.7.3 using design 

channel flow depths 
2. Value is extrapolated by fitting a logarithmic regression equation to the values provided in SMMEW Table 4.7.2  
ft=feet; ft2=square feet; ft/ft=feet per feet 
 

5.0 RESULTS 

The results of the time of concentration calculations are presented in Table 2; the rainfall 
intensity, and contribution area used in the Rational Method calculations are presented in Table 
3; and the maximum discharges for the 100-year and 500-year storm events are presented in 
Table 4. Calculation sheets are provided in Supplement F-1.2. 
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Table 2. Computed Segment Travel Time and Time of Concentration Values 

Channel Outlet 
Outlet 

Station1 

Travel Time (minutes) 

Sheet 
Flow  

Shallow 
Concentrated 

Flow  

Channelized 
Flow  

Time of 
Concentration 

Bench Channel Varies Varies2 Varies2 - Varies2 
P4 West Transition 

1 
21+26 0 20.6 1.83 22.4 

P4 West Downdrain 
Outlet 

31+28 0 20.6 4.15 24.8 

P4 East Transition 1 07+55 0.35 11.92 0.42 12.7 
P4 East Transition 2 14+00 0.35 11.92 4.08 16.4 
P4 East Downdrain 

Outlet 
30+27 0.35 16.88 0.55 17.8 

P3 West Transition 
1 08+9707+50 0.55 10.72 1.20 12.5 

P3 West Transition 
2 

19+25 0.55 10.72 5.20 16.5 

P3 West Downdrain 
Outlet 

24+96 0.55 10.72 5.96 17.2 

P3 East Transition 1 09+00 1.37 15.83 2.86 20.1 
P3 East Downdrain 

Outlet 
21+52 1.37 18.83 6.24 23.4 

Notes:  
1. See Sections 6 Drawings 
2. See Supplement F-1.2 

 

Table 3.  Computed Runoff Coefficient, Design Rainfall Intensity, and Basin Contribution 
Area 

Channel Outlet  Outlet Station1 

Runoff 
Coefficient  

(C) 

Design Rainfall 
Intensity  

(i100/i500) (in/hr) 

Basin 
Contribution 

Area  
(A) (ac) 

Bench Channels Varies 0.375 Varies1 Varies1 

P4 West Transition 1 21+26 0.338 1.67/1.83 40.36 
P4 West Downdrain 

Outlet 
31+28 0.337 1.57/1.76 60.72 

P4 East Transition 1 07+55 0.375 2.41/2.78 8.89 
P4 East Transition 2 14+00 0.375 2.04/2.34 15.58 
P4 East Downdrain 

Outlet 
30+27 0.369 1.94/2.21 48.90 

P3 West Transition 1 08+9707+50 0.375 2.3543/2.7282 15.411.08 
P3 West Transition 2 19+25 0.375 2.04/2.33 26.34 
P3 West Downdrain 

Outlet 
24+96 0.375 1.98/2.26 30.70 

P3 East Transition 1 09+00 0.375 1.79/2.03 9.28 
P3 East Downdrain 

Outlet 
21+52 0.375 1.62/1.83 22.46 

Notes: 
1. See Section 6 Drawings  
2. See Supplement F-1.2 
in/hr = inches per hour; ac = acres 
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Table 4.  Computed Maximum Discharge for the 100-Year and 500-Year Events 

Outlet Title Outlet Station1 
100-Year Peak 

Discharge 
(cfs) 

500-Year Peak  
Discharge 

(cfs) 
Bench Channels Varies 4.881 (max)1 5.659 (max) 1 

P4 West Transition 1 21+26 22.8 25.8 
P4 West Downdrain Outlet 31+28 32.3 36.4 

P4 East Transition 1 07+55 8.0 9.3 
P4 East Transition 2 14+00 12.1 13.9 

P4 East Downdrain Outlet 30+27 35.0 39.9 
P3 West Transition 1 08+9707+50 14.510.2 1611.8 
P3 West Transition 2 19+25 20.4 23.4 

P3 West Downdrain Outlet 24+96 23.2 26.5 
P3 East Transition 1 09+00 6.3 7.1 

P3 East Downdrain Outlet 21+52 13.9 15.6 
Notes: 

1.    See Section 6 Drawings 
2.    Maximum discharge calculated for all bench channels. (Used as basis of design for all bench 

channels) 
cfs = cubic feet per second 

 

6.0 DISCUSSION OF RESULTS 

The Tc values rangetime of concentrations ranges from about 13 minutes to 25 minutes. The 
length of time it takes for flow to drain to the outlets is controlled primarily by the length of time it 
takes for flow to pass through the grass lined Bench Channelsbench channels, which have a 
relatively mild slope.  The rainfall intensity values calculated as a function of Tcthe time of 
concentration range from about 1.6 to 2.4 inches per hour for the 100-year event and about 1.8 
to 2.8 inches per hour for the 500-year event as shown in Table 3.  
 
The discharge values calculated foron the Downdrain Channelsdowndrains range from 14 to 35 
cubic feet per second (cfs) for the 100-year event and 15 to 40 cfscubic feet per second for the 
500-year event at the outlets. Intermediate locations along the Downdrain Channelsdowndrains 
will have lower peak flows.  
 
Values calculated for each individual Bench Channelbench channel are presented in 
Supplement F-1.2. The highest discharge computed for the Bench Channelsbench channels 
was used as the basis of design for all of the Bench Channels.bench channels. The maximum 
calculated Bench Channelbench channel discharge is 4.8 cfscubic feet per second for the 100-
year event and 5.6 cfscubic feet per second for the 500-year event.  
 
The design of the Downdrain ChannelsDowndrains and the Bench Channels using the 
computed peak flows is presented in a separate calculation brief (see Attachment F-3). 
 

7.0 REFERENCES 
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Washington Department of Ecology (WDOE). 2004. Storm Water Management Manual for 

Eastern Washington. September. 
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1.0 OBJECTIVE 

This calculation brief is included as a supplement to Appendix F of the Midnite Mine Superfund 
Site Basis of Design Report (BODR).  The purpose of this calculation brief is to provide the 
methodsology and results of the analysis to estimate stormwater runoff hydrographs and peak 
flows in the Midnite Mine (Site) drainage channels for pre-mine conditions, existing conditions, 
construction-phase conditions (Phase 1, Phase 2, and Phase 3) and post-remediation 
conditions.  These peak flows were used to size flow attenuation embankmentsberms, culverts 
along the Permanent Site Maintenance Road, and for some temporary structures installed 
during construction phasing.   
 
The primary design goals related to thisof the Site-wide hydrologic analysishydrology are to:  
 

 Stably pass the peak stormwater runoff flow generated by the 100-year, 24-hour design 
storm; 

 Safely convey the peak stormwater flow from the 500-year, 24-hour design storm; and.   
 Match post-remediation flows from the 100-year, 24-hour storm with the pre-mine 100-

year, 24-hour peak runoff released at the mine outlet. 
 
Other secondary goals included the following: 
 

 Safely passing flows below or over the Permanent Site Maintenance Road using road 
crossings and culverts using the 100-year, 24-hour flows for post-remediation conditions. 
Culverts will be installed in construction Phase 2. 

 Stably and safely passing flow of clean waterflows around the temporary West Pond by 
a temporary diversion channel and temporary diversion berm.  The 100-year, 3-hour and 
500-year, 3-hour storms were simulated to estimate peak flows during Phase 2, when 
the temporary berm and channel are installed. 

 Preventing clean waterflows from flowingpassing into the temporary South Pond by 
installing a temporary berm to routeforce flows into the Western and Eastern Site 
drainages.  Due to the temporary nature of this structure, theThe berm was sized using 
the 25-year, 24-hour storm event. 

 
The estimation of peak flows in the Bench and Downdrain Channels within the Waste 
Containment Area (WCA) is addressed is a separate calculation brief (see Attachment F-3).  
The analyses presented here were prepared for the 90 percent design submittal and follow the 
guidance of the Washington State Department of Ecology’s (WDOE) Stormwater Management 
Manual for Eastern Washington (WDOE, 2004) unless otherwise specified.    
 

2.0 METHODSOLOGY 

The Site-wide hydrologic analysishydrology methods are summarized in Table 1.  Subsections 
are provided describing catchment delineations, rainfall depths, rainfall storm distributions, 
rainfall losses, and hydrograph transformation components.  
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Table 1. Hydrologic Analysis Methods for Site-Wide Hydrology 

Item Design Method, Software, or Criteria  
Numerical Model HEC-HMS, version 3.5 
Catchment Delineation AutoCAD Civil 3d - 2013, various topography files 
Design Storm Input Variables 

Storm Frequencies  
1) 25-yr, 24-hr   2) 100-yr, 24-hr   3) 500-yr, 24-hr 
4) 100-yr, 3-hr   5) 500-yr, 3-hr 

Design Storm Input Variables (continued)

Storm Depths 
1) 2.2 inches     2) 2.6 inches       3) 3.3 inches 
4) 1.2 inches     5) 1.6 inches        

Storm Distribution SCS Type-IA 
Rainfall Losses SCS Curve Number  
Hydrograph Transformation 
Unit Hydrograph SCS Unit Hydrograph 
Time of 
Concentration 

SCS TR-55 Method (NRCS, 1986; WDOE, 2004) 

Channel Routing Muskinguham-Cunge and Kinematic Wave 
Reservoir Routing Modified Puls Method 

 
Catchment Delineations 
 
Catchment boundaries and flow patterns were delineated in AutoCAD Civil 3D.  The data 
sources used for topography, and the construction phasing where the data werewas used, are 
bulleted below: 
 

 Delineations for pre-mine conditions were established using 10-foot contour interval 
topography of pre-mining topography prepared by the U.S. Bureau of Mines (BOM) 
office in Spokane, Washington prior to their closure in 1995. 

 Delineations for existing basin conditions were established using a site-specific LiIDAR 
survey performed as part of the Survey Design Investigations (Tetra Tech, 2010) which 
generatedhas a 2-foot contour topographyprecision. 

 Delineations for construction phases and post-remediation conditions were established 
using the site-specific aerial imagery combined with excavated mine waste subgrade 
surfaces prepared by the Bureau of Mines (BOM) in areas of waste rock removal, and 
proposed site grading developed as part of this remedial design. 

 
Supplement F-2.1 presents figures that depict the catchment delineation for pre-mine, existing 
conditions, end-of-construction Phases 1, 2, and 3, and post-remediation conditions.  
Supplement F-2.1 also shows the conceptual models used to route flows to the mine outlet in 
HEC-HMS.  
 
Storm Depth 
 
Storm depths for 24-hour hyetographs were determined from the National Oceanic and 
Atmospheric Administration (NOAA) Atlas 2, Volume 9, Precipitation Frequency Atlas of the 
Western United States – Washington (NOAA, 1973).  The Surface Water Design Investigation 
Report, conducted by Tetra Tech (2011), compared site-specific precipitation data to the NOAA 
projected storm depths for different storm return intervals.  The comparison showed the NOAA 
storms for a given return frequency generally produced more precipitation than on-site 
measurements for equivalent return frequency storms.  As a conservative measure, theThe 
NOAA Atlas 2 depthsresults were selected to design surface water controls.  NOAA Atlas 2 did 
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not provide the 500- year precipitation depth.  The 500-year storm was extrapolated after fitting 
the provided storm intervals to a log Pearson Type III statistical distribution.   
 
The 3-hour storm depths were developed using the methodsology prescribed in the SMMEW 
(WDOE, 2004), Section, section 4.2.6.  The total precipitation from the 2-year, 2-hour event was 
0.45 inches and the mean annual precipitation was 18 inches (, as selected from the SMMEW, 
Figure 4.3.1)..  The coefficients for converting 2-year, 2-hour precipitation to x-year, 2-hour 
precipitation was selected from SMMEW Table 4.2.11 for Region 3 with mean annual 
precipitation depths between 16 and 22 inches. These coefficients are labeled  in the 
SMMEW.  The 100-year return period was directly calculated from SMMEW procedure.  The 
500-year  value, 3.24, was extrapolated from the 25-, 50-, and 100-year  values, using 
the equation shown in Figure 1.  The full list of  values is presented in Figure 2. 
 

 

 
 
Figure 1.  Log-linear fit for 25-year, 50-year, and 100-year  Values Used to Extrapolate 

the 500-year  Value 
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Figure 2.   Values for Region 3 when Mean Annual Precipitation is between 16 and 22 
inches 

The precipitation depths for various storm return intervals are presented in Table 2.   
 

Table 2.  Precipitation Depths for Specified Storm Durations and Return Periods 

Storm Return Interval 
Precipitation 

(inches) 

25-year, 24-hour 2.2 

100-year, 24-hour 2.6 

500-year, 24-hour 3.3 

100-year, 3-hour 1.2 

500-year, 3-hour 1.6 

 
Rain-on-Snow Considerations 
 
The site receives precipitation in the form of rain or snow, depending on the time of year.  Snow 
accumulates during the fall, winter and spring seasons.  Annual peak flows are not necessarily 
produced by annual maximum precipitation events alone, but as a combination of soil moisture, 
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snowmelt runoff, precipitation, snowpack condition, and other weather factors.  Site stream flow 
records show that most annual peak flows occur in early spring.  Rain-on-snow events are 
common during this period.   
 
Design for the rain-on-snow event is not specified in the Consent Decree; however, rain-on-
snow events occurred more frequently in the Pacific Northwest United States than any other 
western region (McCabe et al., 2007).  Although historic snowpack measurements are not 
available for the Site, snow depth measurements are available for a weather station located 
approximately 10 miles southeast of the Site in Wellpinit, WA.  Figure 3 shows the historic 
average snow depths recorded over a more than 50-year period at the Wellpinit Weather 
Station (WRCC, 2012). 
 

 
Source:  WRCC (2012). http://www.wrcc.dri.edu/cgi-bin/cliFD2rec.pl?wawell 

 

Figure 3.  Average Daily Snow Depth 

 
Snow accumulation depths are converted into a snow-water equivalent (SWE) in regional water 
resource studies.  The SWE is a function of snowpack density and depth as illustrated in the 
following equation: 

 	 	 	  [1]  

For Eastern Washington, the National Resource Conservation Service (NRCS, 2012) reports 
typical densities ranging between 10 and 20 percent in the winter and 20 and 40 percent in the 
spring.  Assuming a 20 percent density for the Wellpinit snowpack, the peak SWE available for 
runoff is approximately 2.2 inches in late January and early February.   
 
The SMMEW (WDOE, 2004) provides general guidance to consider for evaluation of a rain-on-
snow event.  The SMMEW references the United States Army Corps of Engineers (USACE) 
Runoff from Snowmelt – EM1110-2-1406 (USACE, 1998).  This USACE report recognizes the 
complexities of predicting runoff from snowmelt, but provides generalized snowmelt equations to 
represent rain-on-snow events. The following equation applies for open to partially forested 
regions which is representative of the Site: 
 

 0.029 0.0084 0.007 32 0.09	  [2]  

Where: 
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 M = Snowmelt, in/day 
 k = basin wind coefficient (0.8 assigned for mostly open terrain) 
 v = Wind velocity, miles per hour (mph) 
  = rate of precipitation, in/day (2.6 for 100-year storm) 
  = Temperature of saturated air, °F 
 
The Bureau of Land Management (BLM) Midnite Mine remote automated weather station 
(RAWS 324F26B8) has recorded the variable components of the USACE equation presented 
above.  Table 3 summarizes the snow melt potential resulting from a 100-year return storm 
event occurring in the specific month. 
 

Table 3.  Snow Melt Potential 

 Month 
Basin Wind 
Coefficient 

Average 
Wind 

Velocity 
(mph) 

Average High 
Saturated Air 
Temperature 

(°F) 

100-year, 24-hour 
Precipitation 
Accumulation 

(in/day) 

Snow Melt 
Potential 
(in/day) 

Average 
SWE 

Available 
(in) 

Jan 0.8 2.74 34.73 2.60 1.03 1.70 

Feb 0.8 3.30 40.94 2.60 1.37 1.66 

Mar 0.8 4.16 48.81 2.60 1.89 0.66 
Notes:   SWE = snow water equivalent;    mph = miles per hour;    °F = degrees Fahrenheit;    in = inches of precipitation;    

in/day = inches per day of precipitation 

 
By comparing the snow melt potential with the available average SWE, the months where a 
100-year storm event could produce a higher flow rate due to additional runoff from snow melt 
are January and February.  However, these months are more likely to yield a large storm 
precipitation event of a 100-year magnitude producing snow rather than rain (refer to the 
average high temperatures for those months in Table 3).  
 
The SWE of 0.66 for March when added to a 100-year return precipitation event of 2.6 inches 
would equal approximately 3.36 inches, which is reasonably equivalent to the 500-year storm 
depth that was used in the modeling (as listed in Table 2). This rain-on-snow evaluation 
suggests that adequate channel capacity (i.e., size) will be provided to convey a 100-yr rain-on-
snow event if the design storm event is maintained at the estimated peak flow from the 500-year 
storm event according to the Record of Decision. 
 
Rainfall Hyetographs 
 
Rainfall hyetographs for 24-hour and 3-hour storm durations were used in the project.  The SCS 
Type IA design storm was selected for the 24-hour storm distribution and the 3-hour storm was 
designated in the SMMEW.  The following sections discuss the background of the selected 
storm distributions. 
 
24-Hour Hyetograph 
 
The NRCS established four primary rainfall distributions for the continental US, based on 
evaluation of precipitation data collected in the 1970s.  The State of Washington contains two 
zonal hyetographs (Figure 2). 
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 SCS Type IA – Hyetograph of lower intensity, meant to simulate a steady precipitation 
event which originates in the Pacific Ocean, typical of winter events 

 SCS Type II – Hyetograph of high intensity, which simulates thunderstorm type 
precipitation event typical of summer storm patterns. 

 
The dimensionless precipitation distributions for the NRCS Type IA and Type II storms are 
presented in Figure 4. 

 

Figure 4.  SCS Rainfall Distribution in US and Dimensionless Precipitation Distribution 

 
Eastern Washington specific design storms were developed at the request of the Eastern 
Washington Stormwater Management Project Steering Committee (WDOE, Supplement 4A).  
Storm patterns were compiled for four regions within Eastern Washington, as indicated below: 
 
Region 1 – East Slope of Cascades 
Region 2 – Central Basin 
Region 3 – Okanogan, Spokane, Palouse 
Region 4 – Northeastern Mountains and Blue Mountains 
 
The Site falls within Region 3.  The SMMEW concludes that precipitation events in Region 3 are 
represented reasonably well by the NRCS Type IA storm (Figure 5).  
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Figure 5.  Precipitation Distributions for 24-hour Storm Durations 

 
Following the recommendations of the SMMEW, the Type IA storm distribution was used for the 
hydrologic analyses of the Site drainages. 
 
3-Hour Hyetograph 
 
The 100-year, 3-hour and 500-year, 3-hour storm distributions are shown in Figure 6 and were 
calculated using 5-minute dimensionless storm values presented in SMMEW Table 4.2.4. 
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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 
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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 B 

Clayton fine sandy loam, 5% to 15  slopes B 

Dragoon silt loam, 25% to 45  slopes B 

Hartill silt loam, 15% to 25% slopes B 

Hartill silt loam, 25% to 40% slopes B 

Huckleberry silt loam, 40% to 65% slopes B 

Narcisse silt loam C 

Raisio-Rock outcrop complex, 40% to 65% slopes B 

Spokane loam, 0% to 25% slopes B 

 
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 
Woods - Good Condition (Woods are protected from 
grazing, and litter and brush adequately cover the soil)1 

Undisturbed - Poor 66 
Woods - Poor Condition (Forest litter, small trees, and 
brush destroyed by heavy grazing or regular burning)1 
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Established, Remediated 
Area2 

62 
Herbaceous (Mix of grass, weeds, and low-growing brush, 
with brush the minor element) - Good Condition (>70% 
ground cover)1 

Partially Established, 
Remediated Area3 

71 
Herbaceous (Mix of grass, weeds, and low-growing brush, 
with brush the minor element) - Fair Condition (30-70% 
ground cover)1 

Unestablished, Remediated 
Area4 

80 
Herbaceous (Mix of grass, weeds, and low-growing brush, 
with brush the minor element) - Poor Condition (<30% 
ground cover)1 

Disturbed 86 
Bare soil or newly graded areas (pervious areas only, no 
vegetation)5 

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

 0.2 ∗ ;	   10 [3]  

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 ∗  [4] 
Where: 
   = SCS Unit Hydrograph lag time (minutes) 
   = 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, 

, into separate components of travel time: sheet flow ( ), shallow concentrated flow ( ), 
and open channel flow ( ).  The sum of these individual travel times is the total time of 
concentration:  
 
 	 	 	 							 [5] 
 
Sheet flow travel time, , is calculated using a modified Manning’s roughness equation: 
 

 0.42 ∗
∗

.

. . 	  [6]  

Where: 
   = Travel time for sheet flow (minutes) 
 n = Manning’s roughness coefficient 
   = Maximum sheet flow length (ft) 
   = Inches of rainfall from the 2-year; 24-hour storm (1.6 inches) 
   = Slope of flow path (ft/ft) 
 
The travel times for shallow concentrated flow, , and open channel flow, , are 
calculated by: 
 

 	 					 					  [7] 

Where: 
   = Travel time for shallow concentrated (SCF) flow or open channel (OCF) flow 
(minutes) 
   = Maximum flow length (ft) 
   = Average velocity (feet per second; fps) 
   = time of concentration velocity factor (fps) 
   = Slope of flow path (ft/ft) 
 
The time of concentration velocity factor is estimated using the following equation: 
 

1.49 . /  [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): 
  

 300	 	 	   [9] 

Where: 
   = Maximum Sheet Flow Length (ft) 
   = Manning’s roughness coefficient for hillside 
 

 
∆

  [10] 

 
Where: 
 ∆   = Change in elevation from headwaters to start of open channel flow (ft) 
  = 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: 
 

 Sheet flow occurred on the cover slopes upstream of Bench Channels 
 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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Figure 7.  Eight-Point Cross SectionsPrecipitation Distributions for Irregular-Shaped 
Channel24-hour Storm Durations 

 
 
 
 
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 embankmentscontrol 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 

Structure Flow Element ID

Pre-Mine Post-Remediation 

100-yr, 24-hr 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-CW/CE 0.9 7.7 12.6 

Central Berm Outlet CD-R1 0.9 1.7 4.3 

Eastern Berm Inlet J-E1 2.4 7.2 11.0 

Eastern Berm Outlet ED-R5 2.4 1.5 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 

West Access Road Culvert ID Flow Element ID
Post-Remediation Peak Flow

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 

  
Structure 

  
Element ID 

Construction 
Phase 

Storm Duration 
(hr) 

Storm Frequency 
(yr) 

Peak Flow 
(cfs) 

Temporary 
West Pond 
Diversion 
Channel 

J-WP-DC End of Phase 2  

3 100 23.1 
3 500 38.6 
24 100 9.9 
24 500 18.4 

Temporary 
West Pond 
Diversion 

Berm 

J-WP-TB End of Phase 2 

3 100 0.2 
3 500 2.0 
24 100 0.9 
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 

  
Structure 

 Element 
ID 

Construction 
Phase 

Storm Duration Storm Frequency Peak Flow 
(hr) (yr) (cfs) 

Temporary 
Central West  

Diversion Berm  
J-CW0 End of Phase 2 24 25 3.8 

Temporary 
Central East  

Diversion Berm 
J-CE0 End of Phase 2 24 25 2.9 

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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CALCULATION BRIEF: 

DESIGN OF SURFACE WATER CONTROLS WITHIN 
THE WASTE CONTAINMENT AREA 

 
Revisioning 

Rev. Date Description By Checked Date Reviewed 

A0 27-Jun-14 
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Design 

J. Erickson N. Haws 10-Jul-14 N. HawsK. Kammerzell 
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Design 
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Location and Format 
 
Electronic copies of these calculations are located in the project files system at: 
 
\\usslc1s01\IFO\Industrial Projects\MIDNITE MINE\Deliverables_Working Documents\Basis of 
Design Rpt\Appendix F - Surface Water and Sediment Controls\90% Submittal\Attachment F-3 
WCA SW Controls Design 
 
Calculations were generated using the following software:   
 
Microsoft Excel 
 
 

 
Supplements 

 
Supplement F-3.1 – Bench Channel Calculation Worksheet 
Supplement F-3.2 – Downdrain Design Worksheets 
Supplement F-3.3 – Native Rock to Riprap Transition Worksheets 
Supplement F-3.4 – Road Crossing Analysis and HY-8 Results 
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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 purpose of this calculation brief is to: 
 

1. Design Waste Containment Area (WCA) Downdrain Channels to convey peak flows from 
the 100-yr, 24-hr storm in a stable manner and have capacity to convey peak flows from 
the 500-year, 24-hr storm.  

2. Design of WCA Bench Channels   
3. Design transitions to safely convey water over multiple channel lining materials. 

 

2.0 BACKGROUND 

The purpose of the Downdrain Channels is to convey stormwater that flows off of the reclaimed 
Midnite Mine WCA.   Stormwater flow onFlow off of the WCA slopes will enter enters grass lined 
intermediate grass-lined Bench Channels.  The Bench Channels feed the Downdrain Channels.  
The total design flow rates in the Downdrain Channels increase from the top to the bottom of 
each Downdrain as surface runoff is added from tributary Bench Channels. The design includes 
four Downdrain Channels: the Pit 4 West Downdrain, the Pit 4 East Downdrain, the Pit 3 West 
Downdrain, and the Pit 3 East Downdrain.  Locations of the Downdrain Channels are shown in 
the Section 6 drawings.   
 
Large sections of the future WCA surface on which the Downdrain Channels will be constructed 
are currently covered by overburden material.  The overburden material will be removed as part 
of the remedial actions.  The underlying material, in which the Downdrain Channels will be 
constructed, is expected to have some sections of rock and other sections of soil.  The exact 
locations of soil and rock sections are not known with certainty.  For this design, a best estimate 
of the location of the rock and soil along the Downdrain Channels has been made.  This 
estimate should be field-verified during the RA construction. 
 
This design further assumes that the rock will be sufficiently competent to withstand erosion 
from peak stormwater flow so that counter erosion measures will not be necessary for the 
portions of the Downdrain Channels that are cut into rock.  This assumption should also be field-
verified during the RA construction. . Criteria for this verification are provided in this calculation 
brief.  For portions of the Downdrain Channels that will be constructed over soil, riprap 
armament has been designed to prevent erosion of underlying materials.  
 
In addition to the design of the main Downdrain Channel sections, designs have been produced 
for the following: 
 

 Transition from Bench Channels to Downdrain Channels  
 Transitions from native rock to riprap Downdrain Channel Sections 
 Transitions from riprap to native rock Downdrain Channel Sections 
 Transitions from Downdrain Channels to natural drainages 
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3.0 DESIGN CRITERIA 

All WCA drainage features are designed with a minimum factor of safety against channel 
instability of 1.5. 
 
Table 1 gives Bench Channel and Downdrain Channel design flows, slopes, and expected 
channel foundation materials. The design flows were developed using the Rational Method as 
discussed in a separate calculation brief (see Attachment F-1). Channel slopes were taken from 
the proposed final remedial topography, and Downdrain Channel foundation materials are 
estimated from pre-mining surveys, which should be field-verified duringprior to construction. 
 

Table 1. Downdrain Design Parameters 

Channel *Station 
Q100 

(cfs) 
Q500 

(cfs) 
Smax 
(%) 

Smin 
(%) 

2Channel 
Foundation 

Material 
1Bench Channels - 4.81 5.59 4.12.0 2.0.5 Soil  

Pit 4 West 
Downdrain 

00+00 to 
10+46 

22.8 25.8 2.0 1.0 Native Rock 

10+46 to 
21+26 

22.8 25.8 23.9 23.9 Native Rock 

21+26 to 
31+28 

32.3 36.4 19.2 8.5 Soil 

Pit 4 East 
Downdrain 

00+00 to 
07+55 

8.0 9.3 20.0 1.8 Native Rock 

07+55 to 
14+00 

12.1 13.9 6.8 4.0 Native Rock 

14+00 to 
30+27 

35.0 39.9 33.0 7.4 Soil 

Pit 3 West 
Downdrain 

00+00 to 
08+9706+50 

14.510.2 1611.8 32.0 52.1 Soil 

08+9706+50 
to 19+25 

20.4 23.4 30.7 2.0 Native Rock 

19+25 to 
24+96 

23.2 26.5 33.0 10.0 Soil 

Pit 3 East 
Downdrain 

00+00 to 
09+00 

6.3 7.1 13.2 2.6 Native Rock 

09+00 to 
17+00 

13.9 15.6 11.0 4.8 Soil 

17+00 to 
21+52 

13.9 15.6 14.6 8.0 Soil 

Notes: 
1. The Bench Channel with the highest discharge was used for design of all Bench Channels. Pre- and post-
settlement was considered to determine the minimum and maximum Bench Channel slopes. The design slope of all 
Bench Channels is 2.0% 
2. Channel foundation material is to be field-verified 
Q100 = 100-year Storm Peak Discharge; Q500 = 500-year Storm Peak Discharge; cfs = cubic feet per second; S = 
Slope 
 
The Bench Channels will be stabilized using a grass lining. The parameters soil and vegetation 
parameters used to analyze the stability of the grass-lined Bench Channels are presented in 
Table 2.  
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Table 2. Soil and Vegetation Parameters 

Soil 
Classification1 

Soil 
Plasticity 

Index 
(Iw)1 

Soil Void 
Ratio 
(e)1 

Vegetation 
Type2  

Vegetation Stem Height2 
Vegetation 

Cover 
Condition2 

Maximum 
(Hmax) 

Minimum 
(Hmin) 

SC 18 0.62 Grass Mixture 2 ft 1 ft Good 
Notes: 
1. The values represent soil parameters measured on the Rhoads property adjacent to the project site (MGC, 2011). 
2. See Appendix D of the Basis of Design Report for WCA cover vegetation plan 
ft = feet  
 

4.0 METHODSOLOGY  

The following steps weare followed to determine the Midnite Mine Waste Containment Area 
(WCA) stormwater conveyance channel dDesign: 
 

1. Determine erosional stability and capacity of WCA Bench Channels 
a. Determine allowable stresses 
b. Determine effective stresses 
c. Check for sufficient capacity 

2. Set Downdrain Cchannel geometry and determine channel stability and capacity 
a. Determine erosional stability 
b. Determine hydraulic stability 
c. Determine channel design depth 

3. Design channel transitions  
a. Bench Cchannel to Downdrain Channel 
b. Native rock to riprap 
c. Riprap to native rock 
d. Riprap Downdrain to grass-lined site drainagechannel 

 
Determine Erosional Stability and Capacity of Waste Containment Area Bench Channels 

 
The location and geometry of the WCA Bench Channels is primarily controlled by geotechnical 
and erosional stability requirements. Erosional stability of the Bench Channels is determined 
using a vegetation (mixed grasses) lining. Calculations to analyze sufficient stability and the 
capacity of the Bench Channels were completed using the method outlined in the United States 
Department of Agriculture (USDA) – Agriculture Handbook Number 667 (Temple et al.,, 1987). 
This method presents a procedure for estimating the effective stresses (applied stresses) and 
the allowable stress on the vegetation and the underlying soil.  
 
Determine Allowable Stresses 
 
The allowable stresses are determined as a function of the given soil and vegetation parameters 
presented in Table 2 using the following expression:  
 

∗                (1)      
 
Where: τa = Soil allowable shear stress (lb/ft2) 
            Τab = base allowable shear stress = (1.07  * Iw2 + 14.3 * Iw +47.7)*10-4  (lb/ft2) 
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            Ce =  void ratio correction factor = 1.42 -0.61 * e (-) 
            IW = Soil plasticity index (-) 
            e = Soil void ratio (-) 
 
The allowable shear stress on the vegetation is determined by: 
 

0.75                  (2) 
 
Where: τva = Allowable vegetation shear stress 
            CI = Cover index = 2.5[Hmin(M)1/2]1/3 (-) 
                 Hmin

 = Minimum stem height (feet) 
            M = Stem density factor, 200 stems per square foot for mixed grass in good condition (-) 
 
Determine Effective Stresses 
 
The maximum effective stress on the soil was then determined as a function of the 100-year 
storm peak discharge and maximum slope presented for the Bench Channels in Table 1.  
 

	 ∗ ∗ 1 ∗                (3) 

 
Where: τe = Effective shear stress 
              γ = Unit weight of water, (62.4 lb/ft3) 
             d = Channel normal depth (feet) 
            Smax = Maximum channel slope (ft/ft) 
               Cf = Cover factor, 0.7 for established vegetation (Redente, 2013) 
               ns = Soil grain roughness factor, 0.0156 for cohesive soil with a Iw>10 
                n = Manning’s roughness coefficient for vegetated surface: 
 

. . . . 	              (4) 
 
               q = Channel unit discharge = V * D (ft3/s/ft) 
              V = Average flow velocity (ft/s) 
              D = Water surface depth at maximum slope and minimum stem height (feet) 
(Note: Values for V and D are determined iteratively.) 
 
The effective shear stress on the vegetation is then calculated by: 
 

	             (5) 
 
Where: τv = Effective vegetal shear stress (lb/ft2) 
            Other parameters are as defined above 
 
The factor of safety for erosional stability of the soil (FSsoil) is calculated by: 
 

	             (6) 

 
The factor of safety for erosional stability of the vegetation lining (FSveg) is calculated by: 
 

	             (7) 
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Check for Sufficient Capacity 
 
The maximum water surface depth in the Bench Channels is determined iteratively using 
Equations 4 and 5. The capacity check uses the minimum channel slope.  
 
Set Downdrain Channel Geometry and Determine Channel Stability and Capacity 
 
Erosional Stability (riprap) 
 
Sections of the Downdrain Channel that are expected to have a native soil foundation will have 
a riprap lining. Estimates of required channel geometry and riprap gradation for erosional 
stability are made. Using these estimated values along with the maximum Downdrain Channel 
slope and 100-year- storm peak flow rate, normal flow depth is determined using Manning’s 
equation. The Manning’s roughness value (n) is determined using an expression developed for 
riprap lined channels on steep slopes (Rice et al., 1998): 
 

	0.0292 ∗ ∗ .                   (8) 
 
Where: n = Manning’s roughness value (-) 
            D50 = Median riprap diameter (mm) 
            Smax = Maximum channel slope (ft/ft) 
 
Once the Downdrain Channel normal depth had been determined, other flow geometry 
parameters (flow area, wetted perimeter, and water surface top width) are determined.  
The average channel velocity was determined by the following expression: 
 

                   (9) 
 
Where: V = Average Channel Velocity (ft/s) 
            Q = Channel Discharge (ft3/s) 
            A = Flow area (ft2) 

 
The effective unit discharge was solved for by the following expression: 
 

∗ ∗ /
               (10) 

 
Where: q = Unit discharge (ft2/s) 
             b = Channel bottom width (ft) 
             Z = Channel side slope angle (ft/ft) 
             Y = Channel normal depth (ft) 
             Other parameters as defined above 
  
The erosional stability of the estimated median riprap size is then analyzed. This analysis is 
completed using the regression equation of Thornton et al. (2013), which was developed using 
102 observations from ten separate investigations of over topping and rock chute experiments 
cited in the literature, including experiments that form the basis for commonly used steep-slope 
riprap sizing methods (Stevenson, 1979; Robinson et al., 1998; etc.). The Thornton et al. (2013) 
equation includes effects of riprap size, gradation, layer thickness and channel slope:  
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0.57 ∗ . ∗ . ∗ . ∗ . ∗
.

.             (11) 

 
Where: D50 = Diameter of which 50% of the riprap gradation is finer (m) 
              Cu = Coefficient of uniformity (Cu = D60/D10) 
                q = Unit discharge (m2/s) (from Equation 10) 
                 t = Riprap layer thickness (mm) 

             SG = Riprap specific gravity (-) 
             Other parameters are as defined above 
 
The erosional stability is then quantified by determining the riprap factor of safety against failure: 
 

                   (12) 

 
The criterion for riprap design was a minimum riprap factor of safety of 1.5. If the resulting factor 
of safety is less than or much greater than 1.5, the channel bottom width (b), the median riprap 
diameter (D50) and/or the riprap gradation are altered until the minimum factor of safety for 
erosional stability is achieved.   
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Erosional Stability (Native Rock) 
 
This design assumes that the exposed native rock will be competent rock and no stabilization is 
required to prevent erosion. This assumption will need to be tested once the rock is uncovered. 
The erosional stability of the exposed native rock will be tested by comparing the erosive force 
of flow with the ability of the exposed native rock to resist erosion (Annandale, 2006). 
 
Normal flow conditions are assumed for sections of the Downdrain Channel over native rock. 
The rock cuts are expected to be relatively smooth. A channel roughness value corresponding 
to the expected minimum channel roughness is used for stability designs. The minimum n value 
was set at 0.025 based on Chow (1959).  
 
The stream power, or rate of energy dissipation in the flow stream, is used to quantify the 
erosive forces on the Downdrain Channel surface. The stream power was calculated as follows: 
 

∗ 	 ∗ ∗                 (13) 
 
Where; Pd = Design stream power per unit area (kW/m2) 
            FS = Factor of safety (FSmin = 2) 
               γ = Specific weight of water (9.8 kN/m3)  
            Other parameters are as defined above 
 
The Erodibility Index Method (EIM) (NRCS, 2001) outlines a series of field tests and calculations 
that can be used to determine the erodibility of the rock once the rock surface is exposed. 
Figure 1 displays the results of tests conducted using this method and can be used to determine 
the minimum erodibility index of the native rock. 
 

 
Figure 1. Scour Threshold Relating Stream Power and the Erodibility Index (Annandale, 

2006) 
 
The Downdrain Channels that will be in native rock are designed to have a 1 horizontal to 1 
vertical (1:1) side slope angle to facilitate construction activities and limit rock excavation. The 
bottom width is designed to match the bottom width of the downstream riprap lined section to 
facilitate a smooth transition.  
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Hydraulic Stability 
 
To determine the hydraulic stability of the Downdrain Channels, the flow regimes associated 
with the 100-year- storm peak discharge in each Downdrain Channel is characterized by solving 
for the Froude Number by the following expression; 
 

∗
                    (14) 

 
Where, Fr = Froude Number 
             g = Gravitational acceleration (g = 32.2 ft/s2) 
             T = Water surface top width (ft) 
            Other parameters are as defined above 
 
A Froude number less than 1 denotes a subcritical flow regime and a Froude number greater 
than 1 denotes a supercritical flow regime. 
 
Concerns for hydraulic instability arise in locations where either increased channel roughness or 
decreased channel slope cause supercritical flow to transition to subcritical flow resulting in a 
hydraulic jump. At hydraulic jump locations, increased channel turbulence will occur.  
 
In locations where a hydraulic jump is predicted over a native rock lined section, the stream 
power of the jump is calculated to check erosional stability. The stream power through the 
hydraulic jump is estimated by the following expression: 
 

∗ ∗
∆
∗     (15) 

 
Where: Phj = Stream power through the hydraulic jump (kW/m2) 
            ΔE = Change in specific energy through the jump (m) 
              L = Length of the hydraulic jump (L=1 m) 
            FS = Factor of safety (FS=2) 
            Other parameters and units as defined above 
 
Due to the complexities associated with predicting the length of a hydraulic jump, as well as the 
unknown distribution of turbulence with in the jump, the length of the jump is set at 1 meter, 
following the procedure of Annandale (2006). This is expected to be conservative as the jump 
length is likely longer.   
 
The calculated stream power through the hydraulic jump is compared to the stream power 
calculated using the maximum channel slope (Equation 11) and the larger of the two is used to 
determine rock competency.  
 
In locations where a hydraulic jump is predicted to occur over a riprap-lined section, the slope 
required to safely maintain supercritical flow through the length of the section is calculated, and 
alterations to grading plan are made to avoid the formation of a hydraulic jump.   
 
Determine Downdrain Channel Design Depth 
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The depths of the Downdrain Channels were designed to satisfy three criteria: (1) be deeper 
than the maximum sequent depth computed for a channel reach in the 500-year, 24-hour storm; 
(2) be deeper than the maximum super-elevated channel depth plus .05 feet at bends in a 
channel reach in the 500-year, 24-hour storm; and (3) be at least 1.5 feet deep.  The methods 
for computing the sequent depth and super-elevated depth are described below.  

Sequent DepthThe depth of the Downdrain is determined as a function of the 500-year storm 
peak flow (Q500).  
 
The water surface depth in the 500-year storm peak flow event is determined using Manning’s 
equation with the surface roughness for native rock and riprap as described for the erosional 
stability design. If supercritical flow is predicted at the maximum slope of each section, then the 
channel design depth is set as the sequent depth to normal depth at the maximum slope. This 

The sequent depth is the depth that flow will jump to if it hits an obstruction large enough to 
cause subcritical flow (storm flows in channels will typically be super-critical).is encountered. 
The normal flowsequent depth is solved implicitly fromused due to the Manning’s equation: 

.   (16) 

 
Where:  

Q500 = Peak flow inhigh irregularity of the 500-year, 24-hour storm event 
n = roughness coefficient, computed using Equation 8 for riprap and using 0.025 and 

0.035 (with more conservative value selected) for rock cut channels (Chow, 1959)  
A = Cross-sectional flow area at Q500 ( ) 

 Pw = Channel wetted perimeter at Q500 ( 2 1 ) )  

 Sf = Friction slope, approximated as channel bottom longitudinal slope 

. The sequent depth is calculated by substituting properties for a trapezoidal shaped channel 
into the momentum equation as follows: 
 

∗ 3 ∗ 2 ∗ ∗ ∗ 3 ∗ 2 ∗ ∗ ∗
∗ ∗

	 ∗ ∗ 	
          (1716) 

 
Where: Y’500 = Depth sequent to Y500 at maximum slope (channel design depth) (feet) 
             Y500 = 500-Year normal flow depth at maximum slope (feet) 
             Other parameters as define previouslyabove 

 
The calculated depth was then rounded up to the nearest quarter foot.  
 
The expected maximum water surface depth is the normal depth calculated using the minimum 
channel section slope. The roughness value used for native rock lined sections is the maximum 
expected channel roughness for the smooth rock cuts. The value used is 0.035, based on Chow 
(1959). The difference between the sequent depth and the calculated maximum water surface 
depth is the freeboard in the Downdrain Channel.   
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If Super-elevated Depth 

Super-elevation displacement (∆Y) at channel bends was computed for the tightest channel 
bend (i.e., minimum radius of curvature) in the channel reach using the centrifugal force method 
presented in USACE (1991): 

∆ ∗
∗

∗
      (18) 

Where: 
  C = super-elevation formula coefficient. (If Fr > 1 then C = 1 else C = 0.5) 
  r = maximum radius of curvature along the channel center-line in feet 

Other parameters as define previously 
super critical flow is not predicted at the section maximum slope, then the total Downdrain 
Channel depth is computed as the 500-year storm peak flow normal depth plus 0.5 feet of 
freeboard. 
 
The total super-elevated depth is then computed by adding the super-elevation displacement to 
the normal depth (Equation 16).  Super-elevated depths were computed using both the 
maximum and minimum channel slope. 
 
Design Channel Transitions 
 
Bench Channel to Downdrain Channel 
 
The connection between each Bench Channel and Downdrain Channel is unique, and a unique 
design will be required for each transition. In general, the following guidelines are used to 
design these transitions.  
 
All Transitions 
 

- The area between the Bench Channel and the Downdrain Channel (the apron) will be 
lined with 9-inch riprap. 

- Riprap will be extended 35 feet upstream of the apron on the Bench Channel. 
- The maximum apron slope will not be greater than 35 percent. is 44%. (Maximum slope 

is based on 12-inch riprap using equation 11.) 
- The apron will slope diagonally away from the WCA toward the Downdrain Channel. 
- A geocomposite drainage layer will be extended from the bench channel through the 

apron If the transition.  
- A 6-inch thick Type I Filter layer will be between the riprap and geocomposite drainage 

layer. 
 

Transitions to Native Rock Downdrain Channel Section 
 

- Apron riprap will be buttressed flows into the exposed rock at the projected topa location 
of the Downdrain Channel’s inner bank such that the top of riprap aligns with the top of 
the Downdrain Channel. 

- The geocomposite drainage layer will be extended under the riprap from the bench 
channels to the native rock buttress.  

 
Transitions to Riprap Lined Downdrain Channel Sections 
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exposed native rock, then 
- If the Downdrain Channel riprap lining material is not 9-inches, the riprap lining on the 

apron will terminate at the projected top of the Downdrain Channel’sDowndrain’s inner 
bank.  

- Changes in Excavation of native rock will be necessary to make room for the riprap size 
between the transition andlayers to allow for the Downdrain Channel will maintain a flush 
top surface (i.e., no protrusions or depressions). 

- The geocomposite drainage layer will be extended fromof the bench channelriprap apron 
to align with the Type II Filter layer at the bottom of the Downdrain Channel.  

 
Typical transition detail drawings are provided in the Section 4 drawing setnative rock surface. 
 
Native Rock to Riprap  
 
There are several causes for instability in native rock to riprap transition sections. One cause of 
potential instability is the change in cross-sectional channel geometry at these locations. The 
native rock sections have a steeper side slope angle than the riprap-lined sections. The side 
slopes will flatten gradually within the rock section to 3:1, as required for the riprap section.  
 
Another potential cause of instability at the transition is the local increase in channel shear 
stress caused by increased channel roughness over the riprap-lined section. This local increase 
in channel shear stress could cause the riprap to fail and even cause a change in the flow 
regime (i.e. force a hydraulic jump). To reduce the local increases in shear stress, the surface of 
the riprap must align with the surface of the native rock section. Since the riprap lining requires 
a specified thickness for riprap and filter layers, the native rock must be excavated and squared 
at the native rock/riprap transition.   
 
The hydraulic stability of a well aligned native rock/riprap transition is evaluated to determine 
that there will be no change in flow regime. This is done by solving for the Froude number at 
normal depth just upstream and downstream of the transition. A hydraulic jump is expected if 
the Froude number upstream of the transition is greater than 1 and the Froude number 
downstream of the transition is less than 1.  
 
To check that the localized increase in channel shear stress does not cause riprap instability, 
the riprap stability is analyzed at each native rock/riprap transition. A design unit discharge that 
describes the increased shear stress is developed to be inserted into the riprap sizing equation 
(Equation 11). The design unit discharge is developed by the following equation: 
 

∗          (1917) 
 
 Where:      

qd = Design unit discharge (ft2/s) 
            Yriprap = Normal flow depth of the riprap lined section just downstream of the transition (ft) 

         Vbeckrock = Normal depth average velocity of the native rock line section just 
upstream of the transition (ft/s) 

 
The riprap factor of safety is checked for stability by dividing the design riprap D50 by the riprap 
D50 at failure. 
 
Riprap Channel to Native Rock Channel  
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Similar to the native rock to riprap transition, the main function of this transition is to match the 
geometry (side slope angle) of the riprap and native rock sections. The full transition of side 
slope geometry will occur over the native rock section. 
 
Also similar to the native rock to riprap transition, the surface of the riprap and the native rock 
must align. The native rock must be excavated to make room for the layers of riprap. 
 
Riprap Downdrain Channel to Native Drainages  
 
Where flow exits the Downdrain Channel, the riprap armament is extended into a flat outlet 
basin. The basin is designed to force a hydraulic jump in a controlled section and prevent the 
turbulence associated with the jump from continuing downstream of the basin.  
 
In order to force a submerged hydraulic jump and shorten the flattened basin length required to 
contain the jump, a minimum 1-foot highan end sill is designed. For the end sill to be effective at 
preventing the hydraulic jump from washing out of the basin, the end sill height plus the tailwater 
depth must be equal to or greater than the flow sequent depth (expected depth after the jump). 
The tailwater depth is calculated by solving for normal depth using the Manning’s equation. The 
sequent depth of flow in the basin was solved for by substituting properties for a trapezoidal 
shaped channel into the momentum equation as presented in Equation 16. 
 
 
The basinminimum end sill height used in this design is 1 foot. 
 
In order to determine the proper length was specified asof the basin, guidelines presented in 
Robinson et al. (1998) were used. Robinson et al. (1998) specifies that the basin length should 
be equal to fifteen times the median riprap diameter (15*D50) ((Robinson et al., 1998).specified 
for channel stability.  
 
Permanent Site Maintenance Road Crossings  
 
Access roads to the pump stations located on the WCA cross the Downdrain Channels at 
threefour locations: 
 

 One crossing at native rock section of the Pit 4 West Downdrain Channel (approximate 
Station 18+6000) 

 One crossingTwo crossings at native rock sections of the Pit 3 West Downdrain Channel 
(approximate Station 19+25Stations 08+70 and 18+10) 

 One crossing at a riprap section of the Pit 3 West Downdrain Channel (approximate 
Station 03+0050) 
 

The road will bridge the Downdrain Channel at all threefour crossings. Corrugated plate arch 
bridgesTwo 24-inch corrugated metal pipes (CMP) will be placed in parallel to allow for flow to 
pass under the road.   
 
The arch bridge span will extend beyond the top of the channel at all three crossings such that 
design flow (500-year peak discharge) passes uninterrupted through the crossing. used for 
culvert hydraulic calculations is the discharge computed at the outlet of the Downdrain Channel 
section. Hydraulic analysis of the crossings is completed using the culvert modeling program 
HY-8. This program is used to: (1) check that the pipes are sufficiently large to prevent ponding 
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of water during the 500-year storm event to over top the channel banks, and (2) to compute the 
velocity and depth of flow at the pipe outlet during 100-year storm peak flow.   
   
To prevent scour at the outlet of the first crossing on Pit 3 West (St. 03+50 - riprap lined 
section), the size of riprap lining material will be increased from the pipe outlet to 6 feet 
downstream of the outlet. The median riprap diameter will be increased from 12 inches to 24 
inches. This is in accordance with guidelines of the SMMEW.  
 
At the outlet of the three crossings located on native rock line sections (Pit 4 West St. 18+00, Pit 
3 West St. 08+70 and St. 18+10) the stream power was approximated to check the erosional 
stability. The stream power was calculated using Equation 13 presented above. The unit 
discharge (q) was approximated as the product of the velocity and flow depth at the outlet of the 
pipe determined by HY-8. 
 

5.0 RESULTS 

Results of the Bench Channel, Downdrain Channel, and Bench Channel, transition, and culvert 
design calculations are presented in Table 3 through Table 8, and supporting calculation 
worksheets are provided in the supplements to this attachment.  
 

Table 3. Grass-Lined Channel Design 

 Bottom 
Width 
(feet) 

Side 
Slope 
Angel 
(Z:1) 

Channel 
Depth 
(feet) 

Factor of 
Safety for 

Grass 
(FSveg) 

Factor of 
Safety for 

Soil 
(FSsoil) 

Freeboard 
at 500-yr 

Peak Flow 
(feet) 

Bench 
Channel 

10 3 1.5 3.86 26.6 0.25 

 
Table 4. Rock and Riprap Downdrain Channel Design  

Section 
Reach 

(Station) 

Bottom 
Width  
[b] (ft) 

Side 
Slope 
Angle  
(Z:1) 

Minimum 
Depth  
[d] (ft)1 

Lining 
Type2 

Riprap 
Thickness 

[Trr](in) 

Riprap 
Cu 

Riprap 
Factor 

of 
Safety 

Minimum 
Freeboard 
at 500-yr 

Peak Flow 
(feet) 

Pit 4 West 
Downdrain 

00+00 to 
10+46 

7.5 3 1.5 
Native 
Rock 

- - - 0.7 

10+46 to 
21+26 

5 1 1.50 Native rock - - - 0.76 

21+26 to 
31+28 

5 3 1.5 
12-inch 
riprap 

24 2.5 1.45 0.7 

Pit 4 East 
Downdrain 

00+00 to 
07+55 

3 1 1.525 Native rock - - - 0.86 

07+55 to 
14+00 

8 1 1.50 Native rock - - - 0.76 

14+00 to 
30+27 

8 3 1.525 
12-inch 
riprap 

24 2.5 1.5 1.20.6 

Pit 3 West 
Downdrain 

00+39 to 
08+9706+50 

5 3 1.50 
12-inch 
riprap 

24 2.5 1.7 0.95 

08+9706+50 
to 19+25 

5 1 2.01.75 Native rock - - - 0.79 

19+25 to 
24+96 

5 3 1.525 
12-inch 
riprap 

24 2.5 1.5 0.86 

Pit 3 East 00+00 to 16 1 1.50 Native rock - - - 1.30.8 
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Downdrain 09+00 

09+00 to 
17+00 

16 3 1.50 
9-inch 
riprap 

18 2.5 2.2 1.20.7 

17+00 to 
21+1552 

3 3 1.50 
9-inch 
riprap 

18 2.5 1.6 0.94 

Note: 
1. Minimum downdrain depth is 1 foot 
2. Pending in-field verification of foundation material 
ft = feet, in = inches, Cu = coefficient of uniformity 
 

Table 4. Grass-Lined Channel Design 

 Bottom 
Width 
(feet) 

Side 
Slope 
Angel 
(Z:1) 

Channel 
Depth 
(feet) 

Factor of 
Safety for 

Grass 
(FSveg) 

Factor of 
Safety for 

Soil 
(FSsoil) 

Freeboard 
at 500-yr 

Peak Flow 
(feet) 

Bench Channel 10 3 1.5 6.3 47.0 0.6 
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Table 5. Estimated Maximum Stream Power of Native Rock Sections and the Minimum 
Permissible Erodibility Index 

Downdrain Station 
Estimated Maximum 

Stream Power 
Minimum Erodibility Index 

(K)1 

Pit 4 West 
St. 00+00 to 10+46 0.09 0.04 
St. 10+46 to 21+26 1.86 2.14 

Pit 4 East 
St. 00+00 to 07+55 0.90 0.8 
St. 07+55 to 14+00 0.18 0.09 

Pit 3 West St. 08+9706+50 to 19+25 2.16 1.88 
Pit 3 East St. 00+00 to 09+00 0.09 0.18 
Note: 
1. Actual Erodibility index to be determined using NEH 628 (NRCS, 2001) 
 

Table 6. Native Rock to Riprap Transition Stability Check 

Transition Transition Station 
Froude Number Design Unit 

Discharge 
qd (cfs/ft) 

Riprap Factor of 
Safety at 
Interface Upstream Downstream 

Pit 4 West Transition 21+26 2.98 1.97 5.14 1.45 

Pit 4 East Transition 14+00 2.18 1.55 1.79 2.01 

Pit 3 West Transition 19+25 2.79 1.88 4.57 1.53 

Pit 3 East Transition 09+00 1.88 1.41 0.47 2.42 

Notes: 
cfs=cubic feet per second; ft =  feet         
 

Table 7. Transition for Riprap to Grass-Lined Channel (Downdrain Outlet Basin) Design 

Downdrain 
Approximate  

Station 
Outlet Basin Depth 

[db] (feet) 

Outlet Basin 
Length 

[Lb] (feet) 

End Sill 
Height [hs] 

(feet) 
Pit 4 West 31+28 2.5 15 1.00 

Pit 4 East 30+27 2.5 15 1.00 

Pit 3 West 24+96 2.5 15 1.00 

Pit 4 East 21+52 2.5 15 1.00 

 
Table 8. Road Crossing Culvert Analysis 

Downdrain Station 

500-yr 
Ponded 
Head at 
Inlet(ft) 

100-yr 
Outlet 

Velocity 
(fps) 

100-yr 
Outlet 
Depth 

(ft) 

100-yr 
Unit 

Discharg
e (cms/m) 

Culvert 
Slope 
(m/m) 

Design 
Stream 
Power 

(kW/m2) 

Minimum 
Erodibilit
y Index1 

Pit 4 West  18+00 1.99 12.07 0.68 0.76 0.2294 3.43 4.848 

Pit 3 West 03+50 1.15 8.36 0.49 0.38 0.1603  -  - 

Pit 3 West 08+70 1.95 8.78 0.79 0.64 0.1042 1.32 1.343 

Pit 3 West 18+10 2.34 5.5 1.14 0.58 0.0053 0.06 0.022 
Notes: 
ft=feet; fps=feet per second; cms/m=cubic meters per second per meter; m/m=meter per meter; 
kW/m2=kilowatt per meter squared 
1.   Minimum erodibility index of native rock from the culvert outlet to ten feet downstream of the outlet. 
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6.0 DISCUSSION OF RESULTS 

The grass-lined channel design results are listed in Table 3. The presented channel design will 
be stable during the 100-year event as the factor of safety against failure of the vegetative lining 
and of the underlying soil material is 3.86 and 26.6, respectively.  
 
The Downdrain design parameters are listed in Table 43. The approximate extents of soil and 
native rock at the surface along the alignment of each Downdrain Channel are estimates only 
and must be field verified once the Downdrain Channel alignment surface is uncovered. If the 
extents of soil and exposed native rock are different than the extents assumed in this calculation 
brief, then alterations to the channel design may need to be made.  
 
For all sections where soil is expected at the surface along the Downdrain Channel alignment, 
riprap armament with a coefficient of uniformity (Cu) between 2 and 3 is required. The median 
riprap diameter (D50) required for the Pit 4 West, Pit 4 East, and Pit 3 West Downdrain Channels 
is 12 inches. The minimum required D50 for the Pit 3 East Downdrain is 9 inches. The riprap 
should be installed at a thickness equal to twice the median riprap diameter (2*D50). The 
minimum factor of safety for erosional stability of all riprap on the Downdrain Channels is 1.5. 
The riprap used must be crushed angular rock and must meet minimum specifications of density 
and hardness.  
 
For areas of exposed native rock, the minimum erodibility index values are presented in Table 
4.  Field conditions must be tested to ensure that the native rock channels will be stable using 
the Erodibility Index Method.  Furthermore, high turbulence associated with hydraulic 
instabilities (i.e., hydraulic jump) is predicted between Stations 02+50 and 05+00 of the Pit 4 
East and between Stations 07+50 and 15+00 of the Pit 3 West Downdrain Channels. Exposed 
native rock is expected at the surface in these locations. No counter erosion designs have been 
produced for these sections because it is assumed that the native rock has a high enough 
resistance to erosion and will resist the elevated erosive stress expected in these sections. 
Special attention to verifying the native rocks ability to resist erosion using the Erodibility Index 
Method should be made in these sections. If the field tested erodibility of the native rock is 
below the minimum erodibility index, then modifications to the Downdrain Channel design may 
need to be necessarymade.      
 
Table 6 shows that the Froude number decreases over the native rock and riprap transition. The 
Froude number remains safely above 1 (supercritical) through the transition; therefore, no 
change is flow regime is expected. The flow remains supercritical (i.e. no hydraulic jump). Table 
6 also shows a minimum riprap factor of safely of 1.45 at the transition interface. Though the 
computed factor of safety is slightly lower than the minimum design factor of safety (1.5), it is 
considered acceptable due to conservatism in the flow estimateanalysis method for this section.  
 
The Downdrain Channel outlet basin design is summarized in Table 6. The basins will be 11.25 
feet to 15 feet long. The minimum design end- sill height of 1 foot is specified for each basin. 
The depth of all outlet basins is 2.5 feet. These basins will allow for a stable transition of flow 
from the Downdrain Channels to the natural drainages. Sections and details of the outlet basin 
can be found in the Section 6 Drawings.Drawing Packet. Transition drawings have also been 
prepared to display how native rock sections of the Downdrain Channel are to feed into riprap 
lined sections and vice versa.   
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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 (D50), or the particle diameter of which 50 
percent of the gradation is finer, used for riprap armament on the Midnite Mine Downdrain 
Channelsdowndrains are 12-inches and 9-inches (.  (The riprap size is determined in a separate 
calculation - 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 
Grain Size 

(mm) 

8515 4.30.093 

50 0.933 

1585 0.0934.3 
 

3.0 METHODSMETHODOLOGY 

Riprap Gradation 
 
The calculations for riprap stability for the riprap-lined Downdrain Channels give a minimum 
required D50 based on the design flow and slope of the Downdrain Channels and the thickness 
and coefficient of uniformity (Cu = D60/D10) of the riprap (. (Methods and Calculations are 
provided in a separate calculation - 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 D50 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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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: 
 

 Granular filter, consisting of a fine (Type I) filter underlying a coarse (Type II) filter 
 Geotextile/granular filter, consisting of a non-woven geotextile filter underlying a coarse 

(Type II) 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): 
  

1. Retention Criteria 
2. No Gap Gradation  
3. Maximum Coefficient of Uniformity 
4. Maximum and Minimum Particle Diameters 
5. Gradation Segregation 

 
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 (D15f) to the D85 of the underlying soil (or 
base) layer (D85s). The maximum ratio of D15f/D85s 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 D15f/D85s ratio as a function of Cu 
for a medium dense base layer.  
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Figure 1.  Maximum Allowable Ratio of D15f/D85s as a Function of Base Layer Cu Value 
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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 D90 and 
minimum D10 of the filter is important. Table 2 presents the appropriate relationships between 
D10 and D90 (NRCS, 1994). 
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Table 2. Appropriate Segregation Criteria 

If D10 is :  Then Max D90 is: 

< 0.5 20.0 

0.5 - 1.0 25.0 

1.0 - 2.0 30.0 

2.0 - 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 (O95) for the 
geotextile.  The method of Giroud (2003), as explained above for granular filters, was used to 
size the O95 of the geotextile, with a translation of O95 ≈ D15f/5. 
 
2. PermeabilityPermeabilty Criteria 
 
The minimum permeability of the geotextile was specified as (Giroud, 2003): 
 

kf ≥ maximum(ks, i*ks) 
 
Where: 
 kf = 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 O95 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: 
 

√1  
 
Where: 
 μGT = mass per unit area of geotextile 
 N = number of constrictions in flowpath (set minimum as 25) 
 ρF = density of fiber material (~ 1380 kg/m3) 
 dF = 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 O95 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. 
 

  

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

4.0 RESULTS 

The calculations demonstrating Tables of calculation results 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 

Percent Finer 
Riprap Diameter (Inches) 

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 10.4 12.4 

15 6.3 7.5 

10 5.5 6.5 

5 4.6 5.6 
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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 

Percent Finer 
Riprap Diameter (Inches) 

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 4.9 

5 3.5 4.2 
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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: 
 

 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. 

 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 D50 (the riprap layer) 

 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 I) filter underlying a coarse (Type II) 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  

Percent Finer 
Fine Filter Particle Diameter 

(inches) 
Coarse Filter Particle Diameter (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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10 0.04 0.08 0.43 0.86 

5 0.03 0.06 0.39 0.78 
 

 

 
Figure 5.  Fine Filter Gradation Window 
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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 (O95) 0.26 
Minimum Permeability 0.005 cm/s (73 gpm/ft2) 
Porosity 0.70 
Minimum survivability requirements See Figure 2 
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CALCULATION BRIEF:  

GEOTECHNICAL ANALYSIS OF FLOW ATTENUATION 
EMBANKMENTSBERMS 

 
Revisioning 

Rev. Date Description By Checked Date Reviewed 

A0 11-Jul-14 
Issued for 90% 
Design 

S. Abbaszadeh N. Haws 12-jul-14 T. Kelley 

0 13-May-15 
Issued for 100% 
Design 

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) 
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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 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 

Condition 
Minimum FOS from 

Consent Decree 

Minimum FOS based 
upon Dam Safety 

Guidelines 

Minimum FOS 
Selected for Design 

Static 1.3 1.5 1.5 
Pseudo-Static 1.0 1.0 to 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 

Material 
Unit 

Weight 
(pcf) 

Shear Strength  

Long Term (Drained) Pseudo-Static 

East and 
South 
Berms 

Central and 
West Berms 

East and South 
Berms 

Central  and West 
Berms 

Alluvium 
(Native) 

122 
φ' =29 

c' =0 psf 
φ' =32 

c' =0 psf 
Su/σ'v = 0.56 Su/σ'v = 0.56 

Alluvium 
(Compacted) 

129 
φ' =29 

c' =0 psf 
φ' =32; 

c' =0 psf 
Phi=23.9 
c=0 psf 

Phi=26.5 
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 

Berm 
Factor of Safety (FOS) 

Static (Drained) 
1.5 Minimum FOS 

 Pseudo-Static 
1.0 Minimum FOS 

Eastern EmbankmentBerm 1.7 1.0 
Southern 
EmbankmentBerm 

1.7 1.0 

Western 
EmbankmentBerm 

1.9 1.1 

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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