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1.0 Introduction 

1.1 Purpose 

This report presents the results of a specific site assessment of the dam safety of coal 

combustion waste (CCW) impoundments at the Reid Gardner Generating Station (RGGS) in 

Clark County, near Moapa, Nevada.  The RGGS Units 1, 2, and 3 are owned and operated by 

NV Energy.  Unit 4 is co-owned by NV Energy and the California Department of Water 

Resources, and is operated by NV Energy.  The CCW impoundments include Ponds B1, B2, 

B3, C1, C2, E1, E2, and F.  A specific site assessment was performed on February 15, 2011. 

The specific site assessment was performed with reference to Federal Emergency 

Management Agency (FEMA) guidelines for dam safety, which includes other federal 

agency guidelines and regulations (such as U.S. Army Corps of Engineers [USACE] and 

U.S. Bureau of Reclamation [USBR]) for specific issues, and includes defaults to state 

requirements where not specifically addressed by federal guidance or if the state 

requirements were more stringent. 

1.2 Scope of Work 

The scope of work between GEI Consultants, Inc. (GEI) and the U.S. Environmental 

Protection Agency (EPA) for the specific site assessment is summarized in the following 

tasks: 

1. Acquire and review existing reports and drawings relating to the safety of the 

project provided by the EPA and NV Energy. 

2. Conduct detailed physical inspections of the project facilities.  Document 

observed conditions on Field Assessment Check Lists provided by EPA for each 

management unit being assessed. 

3. Review and evaluate stability analyses of the project’s coal combustion waste 

impoundment structures. 

4. Review the appropriateness of the inflow design flood (IDF), and adequacy of 

ability to store or safely pass the inflow design flood, provision for any spillways, 

including considering the hazard potential in light of conditions observed during 

the inspections or to the downstream channel. 

5. Review existing dam safety performance monitoring programs and recommend 

additional monitoring, if required. 

6. Review existing geologic assessments for the projects. 

7. Submit draft and final reports. 
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1.3 Authorization 

GEI performed the coal combustion waste impoundment assessment as a contractor to the 

EPA.  This work was authorized by EPA under Contract No. EP09W001698, Order No. 

EP-B11S-00011 between EPA and GEI, dated January 25, 2011. 

1.4 Project Personnel 

The scope of work for this task order was completed by the following personnel from GEI: 

Stephen G. Brown, P.E. Project Manager/Task Leader 

Amber L. Misgen Project Engineer 

Michael Woodward Staff Engineer 

The Program Manager for the EPA was Stephen Hoffman. 

1.5 Limitation of Liability 

This report summarizes the assessment of dam safety of coal combustion waste 

impoundments B1, B2, B3, C1, C2, E1, E2, and F at Reid Gardner Generating Station, in 

Clark County, near Moapa, Nevada.  The purpose of each assessment is to evaluate the 

structural integrity of the impoundments and provide summaries and recommendations based 

on the available information and on engineering judgment.  GEI used a professional standard 

of practice to review, analyze, and apply pertinent data.  No warrantees, express or implied, 

are provided by GEI.  Reuse of this report for any other purpose, in part or in whole, is at the 

sole risk of the user. 

1.6 Project Datum 

The project coordinate system is identified as NAD83, Nevada State Plane East Zone, and the 

elevations are based on NAVD88 as noted on the drawings titled “Evaporation Ponds C-1 & 

C-2 Horizontal Control Plan,” Drawing Number C-1 dated February 2005, and “Ponds D & E 

Reconstruction Existing Site Plan,” Drawing Number C-3 dated March 2002, prepared by 

NV Energy. 

1.7 Prior Inspections 

Inspections for the CCW impoundments are performed at least every three years by a 

State of Nevada, Division of Water Resources inspector.  The State of Nevada Division of 

Water Resources (NDWR) representative was previously on site on April 22, 2008.  

Quarterly informal visual inspections are conducted by RGGS environmental technicians. 
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2.0 Description of Project Facilities 

2.1 General 

RGGS includes a nominal 557-megawatt (MW) coal-fueled, steam-electric generating plant 

with four operating units.  The power plant is located approximately 52 miles northeast of 

Las Vegas in Clark County, Nevada (see Figure 1).  Unit 1 went online in 1965, Unit 2 went 

online in 1968, Unit 3 went online in 1976, and Unit 4 went online in 1983. 

RGGS uses raw water from off-site groundwater wells and off-site surface water withdrawals 

from the Muddy River.  This water is combined and stored in the Raw Water Storage Ponds 

to the north of the Site.  Low quality water from the generating station, collected stormwater, 

and scrubber effluent are combined and discharged to Pond F.  RGGS does not discharge 

wastewater to surface waters. 

There are two ash by-products of the coal combustion process at RGGS, bottom ash and fly 

ash.  Bottom ash is slurried from the boilers to dewatering bins where the bottom ash drained 

and decanted.  Once it is sufficiently drained, the bottom ash is loaded into haul trucks and 

transported to the on-site landfill, which is located in the “mesa” area.  Water drained from 

the bottom ash can be recirculated back to the power plant or transferred to the evaporation 

ponds.  Unit 1, Unit 2, and Unit 3 share dewatering and recirculation facilities while Unit 4 

has its own system. 

The fly ash is collected by the baghouse systems for each unit.  Fly ash collected in each 

baghouse is transported by vacuum to one of two silos in which water is added to minimize 

dust when hauling to the permitted ash landfill.  The landfill receives fly ash, bottom ash, 

reactivator solids, and dredged solid material from decant and evaporation ponds.  The on-site 

landfill is regulated by the Southern Nevada Health District (SNHD) and is routinely inspected. 

The CCW impoundments are located west and slightly south of the power plant.  The CCW 

impoundments include Ponds B1, B2, B3, C1, C2, E1, E2, and F.  Wastewater is pumped to 

Pond F, and from there it is pumped to any of the other ponds based on water levels within 

the individual ponds.  Ponds C1 and C2 are currently out of service and do not receive water. 

Ponds C1 and C2 were nearly empty of free water at the time of the site visit.  Design records 

and construction drawings of the impoundments were available for review during the 

preparation of this report. 

2.2 CCW Impoundment Dams and Reservoirs 

The embankment dams of the CCW impoundments have been assigned a “Significant” 

Hazard potential by the NDWR.  Hazard potential classifications for the impoundments are 
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described in Section 4.0 of this report.  The basic dimensions and geometry of the 

impoundments are summarized in Table 2-1. 

Ponds B1, B2, B3, C1, C2, E1, and E2 hold wastewater pumped from Pond F for evaporation.  

Pond F is no longer used for ash settling because all four generating units now have baghouses 

for removing fly ash.  Baghouses were installed in Unit 1 in 2008, and in Units 2 and 3 in 2009.  

The Unit 4 baghouse has been in place since the start up of Unit 4 in 1984.  Solids that precipitate 

are periodically removed and disposed in the on-site landfill.  The ponds were originally 

constructed with a clay liner.  Between 2002 and 2008, the ponds were refurbished with a dual 

geosynthetic liner system with leak detection and interstitial drain.  The design included high 

density polyethylene (HDPE) liners (60-mil upper and 40-mil lower liner thicknesses) to 

minimize seepage from the basins.  Water collected in the interstitial drain is returned to the 

pond. 

B Series Ponds:  Pond B1 has a surface area of 14.1 acres and has a nominal capacity of 

192.9 acre-feet.  The perimeter embankment is 3,240 linear feet long, with a minimum crest 

width of 18 feet and 3H:1V upstream side slopes.  The downstream side slope varies from 

2.5H:1V to 3H:1V.  Pond B2 has a surface area of 13.2 acres and has a nominal capacity of 

148.3 acre-feet.  The perimeter embankment is approximately 3,110 linear feet long, with a 

minimum crest width of 18 feet and 3H:1V side slopes.  Pond B3 has a surface area of 

8.5 acres and has a nominal capacity of 90 acre-feet.  The perimeter embankment is 

approximately 2,510 linear feet long, with a minimum crest width of 18 feet and 3H:1V side 

slopes. 

C Series Ponds:  Pond C1 has a surface area of 16.9 acres and has a nominal capacity of 

114.8 acre-feet.  The perimeter embankment is 3,520 linear feet long, with a minimum crest 

width of 12 feet and 3H:1V upstream slope and a 2H:1V downstream slope.  Pond C2 has a 

surface area of 17.3 acres and has a nominal capacity of 173.1 acre-feet.  The perimeter 

embankment is approximately 3,750 linear feet long, with a minimum crest width of 12 feet 

and 3H:1V upstream slopes and 2H:1V downstream slopes. 

E Series Ponds:  Pond E1 has a surface area of 8.5 acres and has a nominal capacity of 

114.8 acre-feet.  The perimeter embankment is 2,920 linear feet long, with a minimum crest 

width of 16 feet and 3H:1V upstream slopes and 2.5H:1V downstream slopes.  Pond E2 has a 

surface area of 17 acres and has a nominal capacity of 164.6 acre-feet.  The perimeter 

embankment is 3,620 linear feet long, with a minimum crest width of 15 feet and 3H:1V 

upstream slopes and 2.5H:1V downstream slopes. 

Pond F has a surface area of 4.1 acres and has a nominal capacity of 36.8 acre-feet.  The 

perimeter embankment is 1,990 linear feet long, with a minimum crest width of 15 feet and 

3H:1V side slopes.  The exterior embankment slopes are either exposed earth or covered with 

sparse vegetation. 
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Table 2-1: Summary Information for CCW Impoundment Dam Parameters 

Parameter CCW Impoundment 

Dam B1 B2 B3 C1 C2 E1 E2 F 

Estimated Maximum Height (ft) 16
4
 13

7
 12

9
 15

10
 13

10
 17

11
 12

11
 12

12
 

Estimated Perimeter Length
1
 (ft) 3,240 3,110 2,510 3,520 3,750 2,920 3,620 1,990 

Minimum Crest Width (ft) 18
5
 18

8
 18

9
 12

10
 12

10
 16

11
 16

11
 15

12
 

Lowest Berm Elevation
3
 (ft) 1608.5 1609.8 1611.5 1607 1607 1595.2 1595.2 1593.6 

Design Side Slopes Upstream/Downstream (H:V) 
3:1 / 2.5:1 to 

3:1
6
 

3:1 / 3:1
8
 3:1 / 3:1

9
 3:1 / 2:1

10
 3:1 / 2:1

10
 3:1 / 2:5

11
 3:1 / 2:5

11
 3:1 / 3:1

12
 

Estimated Freeboard (ft) at time of site visit
3
 2.4 2.0 5.4 4 7 2.7 2.7 6.3 

Storage Capacity
2  

(ac-ft) 192.9 148.3 90.0 114.8 173.2 114.8 164.6 36.8 

Surface Area
2
 (acres) 14.1 13.2 8.5 16.9 17.3 8.5 17 4.1 

1. Estimated from Aerial Photographs. 

2. Surface area and capacity based on CERCLA 104(e) Request for Information prepared by NV Energy at the request of the EPA, dated September 29, 2010. 

3. Data provided by NV Energy in response to assessment questions via email dated 22 February 2011 from T. Garcia. 

4. Based on drawing “Pond B1 Civil Cross Sections,” Drawing Number C03, Section A-C03, prepared by Stanley Consultants, dated December 20, 2006, originally created by 
Arthur B. Chidester. 

5. Based on drawing “Ponds B1 & B2 Civil Cross Sections,” Drawing Number C06, Section E-C06, prepared by Stanley Consultants, dated December 20, 2006, originally created 
by Arthur B. Chidester. 

6. Based on As-Built Slope Stability Model for Pond B1, by Stanley Consultants, dated June 13, 2007 and topographic mapping August 2009.   

7. Based on drawing “Pond B2 Civil Cross Sections,” Drawing Number C04, Section A-C04, prepared by Stanley Consultants, dated December 20, 2006, originally created by 
Arthur B. Chidester. 

8. Based on drawing “Ponds B1 & B2 Civil Cross Sections,” Drawing Number C06, Section D-C06, prepared by Stanley Consultants, dated December 20, 2006, originally created 
by Arthur B. Chidester. 

9. Based on drawing “Pond B3 Civil Cross Sections,” Drawing Number C02, Section C-C02, prepared by Stanley Consultants, dated December 20, 2006, originally created by 
Arthur B. Chidester. 

10. Based on drawing “Evaporation Ponds C-1 and C-2 Site Plan,” Drawing Number C-1 and C-2, prepared by Kennedy/Jenks Consultants, dated February 9, 2005, included in 
Stanley Consultants, report on Ponds C-1 and C-2, dated June 2008. 

11. Based on drawing “Ponds D & E Reconstruction Cross Sections,” Drawing Number C-6, Section C-C, prepared by Kennedy/Jenks Consultants, dated March 2002, included in 
Stanley Consultants, report on Ponds E-1 and E-2, dated June 2008. 

12. Based on drawing “Ponds F & G Civil Cross Sections,” Drawing Number C06, Section C-C06, prepared by Stanley Consultants, dated August 24, 2006, originally created by 
Arthur B. Chidester 
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2.3 Spillways 

None of the impoundments have spillways. 

2.4 Intakes and Outlet Works 

The RGGS is a zero discharge wastewater treatment system.  Effluent from coal-fired Units 

1-4 is conveyed to Pond F to allow suspended solids to settle and the decant water is pumped 

to the evaporation ponds by the pump house, which is located between ponds E1 and F.  

According to RGGS personnel, the total inflow pump capacity to Pond F is 650 gallons per 

minute (gpm).  The discharge capacity from Pond F consists of three 215 gpm pumps for a 

total of 645 gpm.  RGGS also utilizes a portable pump system to move water out of Pond F at 

1525 gpm to the evaporation ponds, as necessary. 

RGGS uses a combination of above-ground and buried inter-connection pipelines to move water 

between impoundments.  The gravity transfer piping penetration through the liner system was 

removed between Ponds B1 and B2.  Gravity transfer piping connects Pond B2 and B3, 

however the valve has been disabled and is no longer in use.  The pipes are 14 inches in 

diameter and are C-900 polyvinyl chloride (PVC).  Gravity transfer piping also connects Ponds 

E1 and E2. 

2.5 Vicinity Map 

RGGS is located in Clark County approximately 52 miles northeast of Las Vegas, Nevada, 

and two miles west of Interstate 15 (I-15) Hidden Valley exit as shown on Figure 1.  The 

CCW impoundments are located west and slightly south of the generating station, as shown 

on Figure 2. 

2.6 Plan and Section Drawings 

Engineering drawings for the reconstruction of the CCW impoundments were provided by 

NV Energy and were prepared as part of a design package by Stanley Consultants.  

Construction record drawings from the original construction project were not available. 

2.7 Standard Operational Procedures 

RGGS is a coal-fired power plant producing a total combined capacity of 557 MW.  Coal is 

delivered to the power plant by train to one of three separate stockpile areas at the generation 

facility where it is then combusted to power the steam turbines. 

Waste materials include fly ash, flue gas desulfurization solids generated from the sulfur 

dioxide scrubbing systems, bottom ash, boiler slag and other process materials.  Fly ash is 

collected and removed by fabric filter baghouse collector systems and subsequently 

moistened and hauled to the on-site landfill.  The baghouse in Unit 4 was installed in 1984 as 
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part of the original operation.  The baghouse in Unit 1 was installed in December 2008, 

Unit 2 in April 2009, and Unit 3 in February 2009.  Bottom ash leaves the boilers through 

bottom ash hoppers to be hydraulically transported to dewatering bins.  Sulfur dioxide 

contained in the flue gas is removed by the wet scrubbers producing a sodium sulfate waste 

stream.  All fluids used in the coal burning process are contained in engineered facilities with 

zero discharge.  Cooling water is continuously recycled and eventually added to the flue gas 

scrubber make-up water.  The waste water is eventually conveyed by pipes to permitted, 

double-lined evaporation ponds. 

The wastewater from the blowdown scrubber at the plant initially enters Pond F and can then 

be discharged to a series of evaporation ponds (Ponds B1, B2, B3, E1, E2, and potentially C1 

and C2) in which dissolved solids are precipitated out and the water evaporates.  Hydrogen 

peroxide is added to the evaporation ponds to reduce hydrogen sulfide odors.  All active 

evaporation ponds have HDPE double-liner systems.  The solids from the evaporation ponds 

are eventually dredged and hauled by truck to the RGGS on-site solid waste landfill. 

SNHD inspects the RGGS landfill which currently maintains full compliance with all 

regulations.  Also, according to NV Energy personnel, quarterly informal visual inspections 

are conducted by environmental technicians. 
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3.0 Summary of Construction History and Operation 

Unit 1 at the NV Energy Reid Gardner Station went into service in 1965, Unit 2 in 1968, 

Unit 3 in 1976, and Unit 4 in 1983.  The CCW impoundments were originally constructed 

with a clay liner to restrict contaminant migration and were reconstructed beginning in 2002 

and improved with a double HDPE liner and interstitial leak detection system. 

The CCW impoundments Ponds D and E were originally constructed in 1974 and Ponds B 

and C in the early 1980s.  Pond B was divided into three cells (Ponds B1, B2, and B3) in 

1992.  Pond C was divided into three cells (Ponds C1, C2, and C3) in about 1990-1991.  

Ponds C2 and C3 were combined into a single Pond C2 in 2001-2002.  Pond E was divided 

into two cells (Ponds E1 and E2) in 2002.  Ponds F and G were constructed in 1986. 

In 1984, renovations were made to Pond D and E to flatten the slopes from 1.5H:1V to 

2.5H:1V to increase slope stability and reduce seepage.  In the late 1980s portions of the 

Pond D and E clay slurry walls were replaced with a soil-bentonite-slurry cut off wall to 

reduce seepage as well.  Pond F was constructed with a clay slurry wall on its north and 

south dikes.  In 2001, Pond D was taken out of service and the closure approved by Nevada 

Division of Environmental Protection (NDEP).  Pond G was taken out of service in 2008 and 

closure was approved by NDEP in 2009.  Removal of solids in Ponds D and G has since been 

completed.  There are plans to close all C ponds.  Water has not been discharged to Ponds C1 

and C2 since late 2008.  Pond 4A was taken out of service in 1999 and removal of the 

remaining solids is planned to commence in the near future. 

Some of the embankments are exterior dikes (similar to typical embankment dams) and some 

of the embankments are interior dikes (designed to separate one pond from another pond).  

The two originally constructed CCW impoundments, Ponds B and C, were constructed 

adjacent to each other such that a common interior embankment separates the ponds.  Pond B 

was divided with interior dikes into Ponds B1, B2, and B3.  Pond C was divided by an 

interior dike creating Ponds C1 and C2.  Pond E was divided by an interior dike creating 

Ponds E1 and E2. 

Drawings of the original design and construction of the CCW facilities were not available for 

review.  Select drawings of the recent design and reconstruction of the CCW facilities were 

available for review.  Numerous site-specific geotechnical studies for the plant site and 

impoundments were available for review.  NV Energy personnel indicated that the 

impoundment embankments were constructed of on-site, natural soils. 

The Geotechnical Investigations completed by Converse Consultants recommend foundation 

preparations that include removal of sludge or salt precipitate from the foundation areas prior 

to the embankment reconstruction projects. 
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Reconstruction of the B Ponds and Pond F was based on the design recommendations of 

Stanley Consultants.  Reconstruction of the C and E Ponds was based on the design 

recommendations of Kennedy/Jenks Consultants.  Construction of the original and modified 

embankments was done on a pond-by-pond basis to build homogeneous embankments and 

properly installed liner systems.  As a result, the embankments were not constructed in a 

patchwork manner. 

EPA Question:  “Is any part of the embankment built over wet ash, slag, or other unsuitable 

materials (like TVA)?”  The available geotechnical reports indicate the impoundments were 

constructed over natural ground and that natural soil from onsite borrows was used to 

construct the dikes. 
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4.0 Hazard Potential Classification 

4.1 Overview 

According to the Federal Guidelines for Dam Safety, the hazard potential classification for the 

CCW impoundments is based on the possible adverse incremental consequences that result 

from release of stored contents due to failure of the dam or miss-operation of the dam or 

appurtenances.  CCW impoundments are classified as Low, Significant, or High hazard, 

depending on the potential for loss of human life and/or economic and environmental damages. 

4.2 CCW Impoundments 

The RGGS evaporation ponds’ perimeter dikes, with heights and storage capacities 

summarized in Table 4-1, would be considered a “Small” sized dam in accordance with the 

USACE Recommended Guidelines for Safety Inspection of Dams ER 1110-2-106 criteria. 

Table 4-1: Reid Gardner Generating Station – Summary of Pond Parameters 

Pond Name 
Height 

(ft) 
Storage 
(ac-ft) 

Surface 
Area 

(acres) 

Pond B-1 16 192.9 14.1 

Pond B-2 13 148.3 13.2 

Pond B-3 12 90.0 8.5 

Pond C-1 15 114.8 16.9 

Pond C-2 13 173.1 17.3 

Pond E-1 17 114.8 8.5 

Pond E-2 12 164.6 17.0 

Pond F 12 36.8 4.1 

An uncontrolled release of the evaporation ponds content due to failure or miss-operation is not 

considered to cause loss of human life with the economic damages being relatively low and 

environmental damages being relatively extensive based on our review.  A release from the 

CCW impoundments would cause local flooding around the power station and potentially enter 

the Muddy River and flow downstream to the town of Glendale.  Based on the potential for 

environmental impacts to the plant property, Muddy River, and the town of Glendale and 

consistent with the Federal Guidelines for Dam Safety, we recommend the CCW impoundments 

be classified as a “Significant” hazard structure. 
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5.0 Hydrology and Hydraulics 

5.1 Floods of Record 

Floods of record have not been evaluated and documented for the eight CCW impoundments 

at the Reid Gardner Generating Station. 

5.2 Inflow Design Floods 

Currently the CCW impoundments at the Reid Gardner Station are classified as “Significant” 

hazard structures according to the NDWR.  Based on observations during the field inspection 

and the available data, we concur with the eight CCW impoundments being classified as 

“Significant” hazard structures (Section 4.0).  Based on the hazard classification, the NDWR 

specifies “Significant” hazard dams to be capable of passing the greater of 50 percent probable 

maximum flood (PMF) or 500-year flood storm events.  The USACE Recommended 

Guidelines for Safety Inspection of Dams (ER 1110-2-106) recommends a small size 

“Significant” hazard dam be capable of passing floods ranging from the 100-year to 50 percent 

PMF without overtopping the dam.  Considering the “Significant” hazard rating, the scale of 

the economic and environmental damages that could potentially occur upon failure, and the 

recommended range of inflow design storms, it is reasonable and conservative to select the 

100-year storm event as the inflow design storm for the small sized CCW impoundments.  The 

24-hour 100-year precipitation at the RGGS is about 2.75 inches based on National Oceanic 

and Atmospheric Administration (NOAA) Atlas 14 precipitation data. 

5.2.1 CCW Impoundments 

The contributing drainage area to the CCW impoundments is limited to the surface area 

(Table 2-1) because the surrounding dikes eliminate the potential for surface run-on from 

adjacent land.  Therefore, the total contributing drainage area to the impoundments is 

approximately 100 acres.  The impoundments currently have freeboards that range from 

2.0 feet to 7.0 feet.  Assuming all ponds have 2 feet of freeboard at the time of the storm 

event, an available combined storage capacity of approximately 840 acre-feet is provided.  

Based on the 24-hour 100-year precipitation event, the impoundments would collectively 

receive approximately 21.4 acre-feet of stormwater assuming no losses.  Based on this result, 

the CCW impoundments are expected to meet the regulatory requirements for storing or 

passing the 24-hour 100-year precipitation inflow design flood. 

5.2.2 Determination of the PMF 

Not applicable. 
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5.2.3 Freeboard Adequacy 

Based on an approximate evaluation using conservative assumptions, as discussed in the 

preceding articles, the minimum freeboard of 2 feet in the CCW impoundments is adequate. 

5.2.4 Dam Break Analysis 

Dam break analyses have been performed for the eight CCW impoundments at the RGGS 

(Stanley, 2010).  The dam-break analyses and inundation maps were provided as reference 

information and were used to evaluate the areal extent of inundation and flow direction. 

5.3 Spillway Rating Curves 

Not applicable. 

5.4 Evaluation 

Based on the minimum 2 foot freeboard pond operating conditions, 24-hour 100-year 

precipitation inflow design flood, and Significant hazard classifications for the dams, the 

CCW impoundments at the RGGS have adequate capacity to store the regulatory design 

floods with adequate freeboard. 
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6.0 Geologic and Seismic Considerations 

The following geologic and seismic information is based on multiple site specific 

geotechnical studies performed for NV Energy that were provided at the time of the 

inspection.  The following geologic and seismic information is based on the geotechnical 

investigation performed by Converse Consultants for NV Energy provided at the time of 

inspection and part of the Dam Safety Permits prepared by Stanley Consultants (2008).  

The Nevada Energy site is near the central portion of the Muddy River Valley within the 

Basin and Range Physiographic Province.  The valley area is bounded by the North Muddy 

Mountains to the east, the Arrow Canyon Range to the west, the Meadow Valley Mountains 

and Mormon Mountains to the north, and the Muddy Mountains and Dry Lake Range to the 

south.  The primary drainage for the valley is to the southeast along the Muddy River, a 

tributary to Lake Mead and the Colorado River System (Stanley Consultants, 2008). 

The site is located on the Muddy River floodplain which consists of primarily fine-grained 

overbank deposits.  These deposits were formed as a result of past floods overflowing the 

river channel, depositing clay, clayey sand, silty sand, and sand.  The deposit extends to 

approximately 75 feet below ground surface near the Muddy River.  The underlying Tertiary 

Muddy Creek Formation is composed of fine-grained sandstone, siltstone, and clay and is 

exposed at the surface throughout the valley. 

A detailed investigation and evaluation of groundwater conditions including depths, 

elevations, and direction of flow is available in the hydrogeologic assessment of the property 

prepared by Kleinfelder, 1998, which was not provided or reviewed as part of this 

assessment. 

The closest mapped fault with evidence of recent displacement is the California Wash Fault.  

The fault is classified as a Late Quaternary fault indicating displacement in the past 15,000 

years (Anderson, 1999).  It consists of a series of north to northeast striking faults 

approximately 2 miles southwest of the site.  According to the 2008, U.S. Geological Survey 

(USGS) Seismic Hazard Map of Nevada, the site has a regional probabilistic peak ground 

acceleration of approximately 0.3g with a 2 percent Probability of Exceedance within 

50 years (recurrence interval of approximately 2,500 years). 
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7.0 Instrumentation 

7.1 Location and Type 

Water level staff gauges are installed at all of the RGGS impoundments.  Ground water 

monitoring wells are installed around the impoundments perimeter to monitor water quality 

and for leak detection.  Regulated by the NDEP, groundwater monitoring wells are sampled 

and measured quarterly by RGGS. 

7.2 Readings 

7.2.1 Flow Rates 

There are no outlet structures on any of the impoundments since they are part of a zero 

discharge system. 

7.2.2 Staff Gauges 

Water level staff gauges are located at the CCW impoundments and are read manually. 

7.3 Evaluation 

Staff gauges and groundwater monitoring wells are the only instruments installed at the 

RGGS CCW impoundments.  Use of a high water level alarm is commonly considered to 

reduce the risk of overtopping for impoundments that receive pumped inflow and lack 

spillways.  However, given the lack of overland flood inflows, large capacity of the 

impoundments, and limited pumping rate, the rate of water level rise is expected to be slow 

such that the daily inspections can provide adequate monitoring.  Water levels in the 

impoundments should be recorded daily.  Surveyed benchmarks and embankment settlement 

monuments to measure and record movement of the dikes should also be considered.  NV 

Energy indicated that at least one concrete pedestal will be measured regularly for settlement 

at each impoundment and if this proves to provide representative monitoring of settlement 

then additional benchmarks/monuments may not be needed.  A formal procedure should be 

established for the data collection process including a standard instrument reading method, 

schedule, and specified RGGS personnel to collect and document the readings. 
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8.0 Field Assessment 

8.1 General 

On February 15, 2011 a site visit to assess the condition of the CCW impoundments at the 

RGGS was performed by: 

Stephen G. Brown, P.E. Project Manager/Task Leader, GEI Consultants, Inc. 

Amber L. Misgen Project Engineer, GEI Consultants, Inc. 

John Schofield Enforcement Officer, Environmental Protection Agency 

Robert K. Martinez, P.E. Division of Water Resources, State of Nevada 

Joseph Maez, P.E. Division of Environmental Protection, State of Nevada 

David Sharp, P.E.  Plant Director, NV Energy 

Thomas C. Woodworth Assistant General Counsel, NV Energy 

Michael Rojo Environmental Engineer, NV Energy 

Tony Garcia, C.E.M. Manager, Environmental Services, NV Energy 

Joseph Welter, P.E. Environmental Engineer, Stanley Consultants 

The weather during the site visit (February 15, 2011) was cloudy, with temperatures around 

60 degrees Fahrenheit.  The majority of the ground was dry at the time of the site visit. 

At the time of inspection, GEI completed an EPA inspection checklist, which is provided in 

Appendix A, and photographs, which are provided in Appendix B.  Field assessment of the 

CCW impoundments included a site walk to observe the dam crest, upstream slope, 

downstream slope, and intake structures. 

8.2 Embankment Dam 

8.2.1 Dam Crest 

The dam crest of the CCW impoundments appeared to be in good condition.  No signs of 

cracking, settlement, movement, or deterioration were observed during the assessment.  

Some minor signs of erosion due to surface runoff and tire rutting were observed at 

Ponds B1, C1, C2, E1, and E2.  The dam crest surface is generally composed of gravel road 

base material. 

8.2.2 Upstream Slope 

The CCW impoundments, including the upstream slopes, are protected by a double HDPE 

liner system consisting of a 60 mil top layer and 40 mil bottom layer.  Reconstruction of the 

impoundments, which included installation of the HDPE double liner, with a interstitial leak 
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detection system was completed from 2002 to 2008.  The liner and the upstream slopes 

appeared to be in satisfactory condition.  No scarps, sloughs, depressions or other indications 

of slope instability were observed during the inspection of the CCW impoundments.  Some 

minor HDPE liner damage was observed at Ponds B1, B3, C1, and E1 including unsealed 

penetrations, a tear at the crest at B3, and a bulge midslope at C1. 

8.2.3 Downstream Slope 

The downstream slopes of the CCW impoundments showed no signs of scarps, sloughs, 

depressions or other indications of slope instability during the inspection.  The downstream 

slopes of the CCW impoundments are sparsely covered with vegetation except at Pond F, 

where the slope is protected by soil cement.  The downstream slopes showed no signs of 

significant erosion.  Minor erosion was observed at Ponds B1, C1, C2, E1, and E2.  Slightly 

oversteepened downstream slopes were observed on the north dike of Pond C1 and on the 

north end of the west dike of C2.  The Muddy River is located near the Pond F dike northeast 

toe. 

8.3 Seepage and Stability 

No evidence of ongoing seepage, or potential seepage, was observed at the CCW 

impoundments. 

8.4 Appurtenant Structures 

8.4.1 Outlet Structures 

There are no discharges from outlet pipes because the RGGS is a zero discharge facility.  The 

effluent piping that conveys water to Pond F from Units 1-4 and to the evaporation ponds 

from the Pond F pumping station appeared to be in working condition.  The inter-connection 

pipes between Ponds E1 and E2 appeared to be in working condition.   

Inter-connection pipes that are no longer used to transfer water to or between ponds were 

observed to be capped.  Inter-connection pipes that are no longer used to transfer water to, or 

between, ponds were observed to be capped where located above the present water level, and 

were reported as being capped by RGGS personnel where submerged.  HDPE caps are fusion 

welded to the pipes and the HDPE pipes are sealed to the HDPE lining.  The few inter-

connection pipes that still function are used to balance water levels between the ponds. 

8.4.2 Pump Structures 

The permanent pump system used to convey water between Pond F and the evaporation 

ponds, and the portable pump used to convey water between the evaporation ponds appeared 

to be working properly. 
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8.4.3 Emergency Spillway 

There are no emergency spillways at the CCW impoundments, which is consistent with the 

lack of potential for surface water run-on to the diked impoundments. 

8.4.4 Water Surface Elevations and Reservoir Discharge 

The water levels in the CCW impoundments are presented in Table 8-1.  Also presented are 

Lowest Dike Elevation and the freeboard. 

Water level measurement data was provided by RGGS for a three-year period, from 

January 2008 to February 2011.  The data from June 2010 to February 2011 for each pond is 

shown on Figure 3.  The data was reported as the water level measured in relation to a 2 feet 

freeboard, therefore a reading of zero feet indicates a water level 2 feet below the top of the 

dike.  In January 2010, RGGS began manually measuring and recording pond water surface 

elevations based on established structure elevations from the 2009 aerial survey.  In the past 

three years, there have been few water levels that have encroached upon the 2-foot freeboard 

and only for short durations.  No water levels have encroached upon the 2-foot freeboard for 

Ponds B1, B3, C1, and C2.  Pond E2 reached 0.30 feet above freeboard from February 9 to 

February 17, 2010 and dropped below freeboard 0.30 feet by February 24, 2010.  Pond E2 

reached 0.10 feet above freeboard on November 23, 2010 and dropped to 0.30 feet below 

freeboard by December 3, 2010. 

To observe temporal fluctuations in the water level recordings, data recorded from 

January 2010 to February 2011 was compared by date and by pond.  Data collected prior to 

January 2010 consists of data collected by numerous individuals, and also includes many 

events in which ponds were out of service for repairs.  Current water levels appear to be 

consistent and maintained.  Ponds E1 and E2 follow similar trends, fluctuating together near 

the 2-foot freeboard level.  Ponds B1, B2, and B3 also follow similar trends in fluctuating 

water levels but not rising to the 2-foot freeboard level. 

Table 8-1: Impoundment Water Levels 

Pond 
Water/Solids 

Elevations (ft) 
Lowest Dike 
Elevation (ft) 

Observed 
Freeboard (ft) 

B1 1606.1 1608.5 2.4 

B2 1607.8 1609.8 2.0 

B3 1606.1 1611.5 5.4 

C1 1603.0* 1607.0 4.0 

C2 1600.0 1607.0 7.0 

E1 1592.5 1595.2 2.7 

E2 1592.5 1595.2 2.7 

F 1587.3 1593.6 6.3 

* Pond C1 solids elevation is from an aerial photograph dated January 2, 2009.  The surface of the pond was entirely solids 
and no water has been placed in the pond since that date. 

- Water levels measured on date of inspection, February 15, 2011. 
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9.0 Structural Stability 

9.1 Visual Observations 

The assessment team saw no visible signs of instability associated with the dikes of the CCW 

impoundments during the February 15, 2011 site assessment. 

9.2 Field Investigations 

Based on the design drawings and geotechnical studies, the following subsurface 

investigations were performed at the site: 

 Drilling, sampling, and laboratory tests were performed as part of a geotechnical 

investigation by Converse Consultants at eight CCW impoundments.  Geotechnical 

investigation reports were prepared by Converse Consultants for the C Ponds in 

September 2000, E Ponds in May 2002, Pond F in July 2005, and the B Ponds in 

December 2005. 

9.3 Methods of Analysis 

Slope stability analyses for the RGGS were performed by Stanley Consultants.  The stability 

analysis reports are provided in Appendix C.3 of the Dam Safety Permits. 

The description of the analyses indicates that typical sections of the embankment slopes were 

developed and evaluated for four loading conditions.  The cross-sections used to analyze the 

northern embankment of Pond B1 were developed from an as-built survey performed 

subsequent to reconstruction of the embankment.  All other analyses were performed using 

typical cross-sections developed from the design (see Figure 4).  The analyses considered the 

loading conditions End of Construction, Steady Seepage, Seismic End of Construction, and 

Seismic Steady Seepage loading conditions.  These loading conditions are consistent with 

guidance (USACE, USBR) for stability analysis of dams, except the End of Construction case 

does not typically include an additional load from a horizontal seismic coefficient as was used 

in the Seismic End of Construction case, which added conservatism to the loading case.  The 

Rapid Drawdown loading case was not analyzed, which is consistent with the lack of outlets 

on the impoundments.  The soil parameters used in the analyses were developed based on 

classifications from soil borings, SPT values, laboratory results, and NAVFACS DM-7.1 

(Stanley Consultants, 2008).  The stability analyses were performed using the computer 

software STABL.  The software utilized the Modified Janbu, Modified Bishop’s and 

Spencer’s methods for circular slip surfaces to determine the minimum factor of safety.  A 

horizontal acceleration of 0.15g was used in the pseudo-static analyses by Stanley Consultants 

for the load cases Seismic End of Construction and Seismic Steady Seepage. 
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9.4 Discussion of Stability Analysis and Results 

Results of the static stability analyses are included as part of the Dam Safety Permits 

prepared by Stanley Consultants.  The analyses are based on soil parameters obtained from 

geotechnical investigations performed by Converse Consultants and embankment dimensions 

from the design or as-built survey. 

A pseudo-static stability analysis has been performed by Stanley Consultants for each of the 

pond embankments.  A seismic coefficient equal to one-half of the peak acceleration on the 

stability analyses was applied in the analysis, consistent with accepted practice.  The peak 

horizontal ground acceleration for an earthquake with an approximate return period of 

2,500 years is 0.30g as described in Section 6.0.  Therefore, the seismic coefficient of 0.15g 

used by Stanley Consultants to analyze the stability is considered equivalent to an earthquake 

with an approximate return period of 2,500 years, which is within the appropriate range for 

application to Significant hazard classification CCW impoundments. 

GEI reviewed the computed factors of safety for the completed embankment stability 

analyses, and we compared the reported calculated factors of safety (FS) to minimum 

required FS as provided in EM-1110-2-1902.  End of Construction analyses are no longer 

relevant since construction has been completed and were not reviewed.  Table 9-1 presents 

the calculated FS and the minimum required FS.  All of the values reported in Table 9-1 

involve analyses performed for exterior or downstream embankment slopes and the 

calculated FS are greater than or equal to the minimum required FS for all cases. 
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Table 9-1: Stability Factors of Safety and Guidance 

 

Pond B1 B2 B3 C1/C2
 

E1/E2 F 

Location North
1
 East South Typical Typical Typical 

Profile A B C           

Loading Condition 
Min. 

Required 
FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min 
Calculated 

FS
 

Steady Seepage 1.50 1.56 1.52 1.55 2.00 1.80 2.50 2.2 1.50 

Pseudo-static (Seismic) - 
Steady Seepage 

1.00 1.08 1.14 1.08 1.00 1.20 1.90
 

1.5
 

2.70 

Notes: 

- All minimum FS values reported involve exterior embankment slopes and slopes not adjacent to other ponds. 

1 FS values calculated from As-Built survey results, Stanley Consultants, June 2007, As Built Slope Stability Analysis. 
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9.5 Seismic Stability – Liquefaction Potential 

A detailed evaluation of the liquefaction potential at the eight CCW impoundments has not 

been previously performed based on review of the available documents.  Certain conditions 

are necessary for liquefaction, including saturated, loose, granular soils and an earthquake of 

sufficient magnitude and duration to cause significant strength loss in the soil.  The water 

table is relatively shallow based on information from borings completed within the footprints 

of the CCW impoundments.  The HDPE liner is assumed to prevent the development of a 

phreatic surface within the embankments, therefore limiting the potential for saturation 

within the embankments. 

Descriptions of the subsurface materials at all ponds are provided as part of the Geotechnical 

Data Report prepared by Converse Consultants (Stanley, 2008).  The borings in the vicinity 

of Ponds B1, B2 and B3 encountered granular soil units including Silty Sands (SM), Poorly 

Graded Sands (SP), Well Graded Sands (SW), and Well Graded Gravels (GW).  These soils 

ranged in density from very loose to medium dense with SPT N-values as low as 1.  The 

units ranged in depth from 13 to 45 feet and consequently some are located within the 

groundwater.  All granular soil units were described in the boring logs as being wet. 

The borings performed in the vicinity of Ponds C1 and C2 encountered granular soil units 

including Clayey Sands (SC), Poorly Graded Sands (SP), and Well Graded Sands (SW).  

These soil ranged in density from loose to medium dense with SPT N-values as low as 7.  

The units ranged in depth from 13 to 30 feet and were all described as wet. 

The borings performed in the vicinity of Ponds E1 and E2 encountered granular soil units 

including Clayey Sands (SC) and Silty Sands (SM).  These soil ranged in density from very 

loose to medium dense with SPT N-values as low as 2.  The units ranged in depth from 7 to 

51 feet and were all described as wet.  The borings recovered in the vicinity of Pond F 

encountered granular soil units including Poorly Graded Sands (SP) and Well Graded Sands 

(SW).  These soils ranged in density from very loose to dense.  The units ranged in depth 

from 5 to 45 feet and were all described as wet. 

The loose to very loose, saturated, granular foundation soils may be susceptible to 

liquefaction.  However, the unsaturated clayey soil used to construct the dikes is not expected 

to be susceptible to significant strength loss during strong shaking.  If further evaluation 

indicates there is a potential for liquefaction to affect the stability of an embankment, then the 

pseudo-static stability analysis previously performed by NVE would not be applicable and a 

post-liquefaction stability analysis would be necessary.  As a result of this review, NVE has 

initiated a study of the liquefaction potential of the impoundments to include field 

investigations, analysis, and assessment of the liquefaction potential relative to stability of 

the impoundments. 
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10.0 Maintenance and Methods of Operation 

10.1 Procedures 

Informal visual inspections of the CCW impoundments are conducted quarterly by RGGS 

environmental technicians under the guidance of engineers and managers.  Maintenance 

repairs of the HDPE liner are performed by RGGS staff or specialty subcontractors.  In 

accordance with the State of Nevada, Division of Water Resources (NDWR), a Significant 

hazard dam should be inspected once in every three years. 

10.2 Surveillance 

RGGS personnel are available at the power plant and on 24-hour call for emergencies that 

may arise. 
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11.0 Conclusions 

11.1 Assessment of Dams 

11.1.1 Field Assessment 

No visual signs of instability, movement or seepage were observed for the embankments and 

associated facilities at RGGS.  Issues of potential concern for the eight CCW impoundments 

were identified from our field assessment as follows: 

 Embankment slopes of the impoundments showed minor signs of erosion from 

surface runoff and tire rutting on Ponds B1, C1, C2, E1, and E2.  NV Energy has 

indicated they have initiated repairs to the erosion noted during the site assessment 

and that visual observations are planned after significant rainfall events to check 

for erosion.  

 Minor damages to the HDPE liner system involving small, localized, unsealed 

connections, tears, and bulging, at Ponds B1, B3, C1, and E1.  NV Energy has 

indicated they have initiated repairs to the HDPE liner damages noted during the 

site assessment. 

 Portions of downstream slopes on the north dike of Pond C1 and on the north end 

of the west dike of C2 appear to be slightly oversteepened.  NV Energy has 

indicated they will restore these slopes to the original design slopes of 2H:1V, 

included as part of the erosion repairs. 

 The 16-inch gravity pipe adjacent, and parallel, to the toe of the Pond F dike 

provides a potential seepage and erosion pathway that should be monitored.  

NV Energy has indicated the 16-inch gravity pipe and pipe alignment will be 

monitored regularly to identify potential seepage or sediment transport. 

 The proximity of the Muddy River to the toe of the Pond F dike at the northeast 

extent of the dike increases the potential for bank erosion that could reduce the 

stability, or undermine the dike.  NV Energy has indicated that the dike will be 

inspected regularly to promptly identify and address erosion. 

 Future removal of the Pond G dike should be planned to not adversely affect the 

performance of the Pond F dike slurry wall.  NV Energy has indicated that the 

Pond G dikes will not be removed until Pond F is out of service. 
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11.1.2 Adequacy of Structural Stability 

Records of a structural stability evaluation of the impoundments were provided  by the 

RGGS personnel.  The calculated factors of safety met or exceeded the minimum required 

factors of safety for the impoundments. 

A detailed liquefaction analysis had not been previously performed.  The dike foundations 

include loose, saturated, granular soil, which may be susceptible to significant strength loss 

or settlement under the anticipated earthquake loading.  If further evaluation indicates there is 

a potential for liquefaction to affect the stability of an embankment, then the pseudo-static 

stability analysis performed by NVE would not be applicable and a post-liquefaction stability 

analysis would be necessary.  As a result of this review, NVE has initiated a study of the 

liquefaction potential of the impoundments to include field investigations, analysis, and 

assessment of the liquefaction potential relative to stability of the impoundments. 

11.1.3 Adequacy of Hydrologic/Hydraulic Safety 

The eight CCW impoundments at the RGGS currently appear to have adequate freeboard and 

storage capacity to safely store the 24-hour, 100-year storm event inflow design flood. 

11.1.4 Adequacy of Instrumentation and Monitoring of Instrumentation 

The impoundments have staff gauges and groundwater monitoring wells.  Surveyed 

benchmarks and embankment settlement monuments to enable measurement and monitoring 

of movement of the dikes should be considered.   

11.1.5 Adequacy of Maintenance and Surveillance 

The impoundments at the RGGS have adequate maintenance and surveillance programs.  

The facilities are generally well maintained and routine surveillance is performed by RGGS 

staff.  Dam safety inspections for the impoundments are performed every three years by a 

NDWR inspector. 

11.1.6 Adequacy of Project Operations 

Operating personnel are knowledgeable and are well trained in the operation of the project.  

The current operations of the facilities are satisfactory. 
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12.0 Recommendations 

12.1 Corrective Measures and Analyses for the Structures 

 We concur with NVE’s plan to conduct a study of the liquefaction potential of the 

impoundments to include field investigations, analysis, and assessment of the 

liquefaction potential relative to stability of the impoundments.  If the results 

indicate there is a potential for liquefaction to affect the stability of an 

embankment, then the pseudo-static stability analysis performed by NVE would no 

longer be applicable and a post-liquefaction stability analysis would be necessary.  

Additional improvements to address stability of the impoundments may be 

necessary depending on the findings of the liquefaction potential evaluation. 

 Clear vegetation from the Pond F dike slopes above the Muddy River.  Monitor the 

bank of the Muddy River for erosion to assess the potential for encroachment of 

the river on the toe of the Pond F dike at the northeast extent of Pond F. 

 Protect the integrity of the Pond F dike slurry wall by not removing the adjacent 

Pond G dikes until Pond F is out of service. 

 Monitor the 16-inch gravity pipe adjacent to the toe of Pond F dike for visual signs 

of erosion or seepage because of its critical location adjacent to the toe of the 

embankments. 

 Perform repairs to the HDPE lining to seal the interstitial liner drainage system. 

12.2 Corrective Measures Required for Instrumentation and 
Monitoring Procedures 

We recommend a more thorough instrumentation and monitoring program is developed and 

implemented.  NVE has initiated surveys of concrete pads on the dikes and this may provide 

useful information on movement of the dike.  If surveys of the concrete pads are found to be 

not representative of embankment movement, then we recommend that settlement monuments 

be installed.  We recommend that uniform dike crest elevations be established in order to help 

with visual identification of settlement and to avoid the potential for concentrated flow if 

impoundments should overtop.  We recommend a standardized monitoring program be 

established that includes all monitoring instrumentation and documents the methods used for 

data collection. 
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12.3 Corrective Measures Required for Maintenance and 
Surveillance Procedures 

We recommend NV Energy develop and document formal inspections of the CCW 

impoundments, at a minimum to be performed annually by plant staff.  We recommend a 

brief daily check inspection be conducted by RGGS personnel and that a written record is 

maintained for the monthly inspections being conducted by NV Energy personnel.  Also, 

continue efforts to repair minor erosion, oversteepened banks, and damage to the HDPE liner 

system as necessary. 

12.4 Corrective Measures Required for the Methods of Operation 
of the Project Works 

None. 

12.5 Summary 

The following factors were the main considerations in determining the final rating of the 

CCW impoundments at RGGS. 

 The dikes at the CCW impoundments are Significant-Hazard structures based on 

federal and state classifications. 

 The impoundments were generally observed to be in good condition in the field 

assessment. 

 Detailed liquefaction potential evaluations have not been performed and are 

warranted based on loose, saturated, granular foundation soil that appears to be 

present in the dike foundations across the site and the seismicity of the area.  We 

recognize that NVE has initiated a liquefaction potential study, however the results 

will not be available in time to address in this report. 

 Operational procedures are considered adequate. 
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Photo 1: Site overview from Mesa Landfill Area.  Looking northeast.  Reid Gardner 
Generating Station in background.  From right to left Pond E1 – E2 – former pond D. 

 

Photo 2: Site overview from Mesa Landfill Area.  Looking north.  From right to left, Pond E2 – 
Former pond D with stormwater ponds – B1 – B2. 
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Photo 3: Site overview from Mesa Landfill Area.  Looking northwest.  From right to left, 
Pond B1 – B2 – B3.  Ponds C1 and C2 in the background – white solids. 

 

Photo 4: Site overview from Mesa Landfill Area.  Looking west.  From right to left, Pond B1 – 
B2 – B3.  Ponds C1 and C2 in the background – white solids. 
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Photo 5: Looking northwest.  North dike of Pond F.  Muddy River drainage at right. 

 

Photo 6: Looking southwest.  Pond F on right.  Former Pond G on left. 
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Photo 7: Looking northwest.  Pond F from divider dike.  Inlet on left. 

 

Photo 8: Looking northeast.  Pond F on left.  Former pond G on right. 
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Photo 9: Looking west.  Pond F in foreground.  Overland outlet pipe to pumphouse at left.  
Pond E2 in the background at left. 

 

Photo 10: Looking south.  Former Pond G.  Riprap slope protection and partially removed 
dike.  North dike of Pond E1 at right. 
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Photo 11: Looking east.  From south dike of Pond F.  Pumphouse at left and pipes to 
Ponds E1 and E2.  The only pipes in service are the cream colored set in the 
background near the ground. 

 

Photo 12: Looking north.  Western end of Pond F. 
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Photo 13: Looking southeast.  North dike of Pond F.  Typical soil cement slope protection.  
Muddy River located at left. 

 

Photo 14: Pond F.  Typical cracking and vegetation located along edge of crest and slope. 
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Photo 15: Pond F.  Typical erosion of aggregate road base overbuild on top of soil cement 
slope protection. 

 

Photo 16: Looking northeast.  Piping from Reid Gardner Station to Pond F. 
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Photo 17: Looking southwest.  Abandoned pipe penetrations through north dike of Pond F, 
near the northeast corner of the Pond. 

 

Photo 18: Looking west.  Northeast corner of Pond E2. 
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Photo 19: Typical retaining wall to protect air release valve.  Looking west at east dike of 
Pond E2. 

 

Photo 20: Looking east.  Pond E1 in background.  Pond E2 with outlet pipe in foreground. 
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Photo 21: Looking east.  Pond E1 south dike -  HDPE liner and staff gage. 

 

Photo 22: Looking east.  Pond E1 south dike. 
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Photo 23: Looking northwest.  Pond E1 east dike.  Former Pond G on right with partially 
removed dike and rip rap slope protection on former divider dike with Pond F.  
Pipes connecting Pond F with Pond E1 in the center-background. 

 

Photo 24: Looking north.  Pond E2 west dike.  Pond E2 on right.  Former Pond D on left. 
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Photo 25: Looking east.  Pond E2 north dike near northeast corner.  Muddy River on right. 

 

Photo 26: Looking southeast.  Pond E2 east dike.  Pond F on left. 
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Photo 27: Looking southeast.  Pond E2 east dike. 

 

Photo 28: Looking northwest.  Pond B1 north dike.  Muddy River at right. 
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Photo 29: Looking southwest.  Divider dike.  Pond B1 on left.  Pond C1 on right. 

 

Photo 30: Looking northeast.  Pond B1 east dike. 
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Photo 31: Typical interstitial drain. 

 

Photo 32: Looking southwest.  Pond B2 east dike.  Riprap at toe. 
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Photo 33: Looking north.  Pond B3 west dike. 

 

Photo 34: Looking east.  Pond B3 west dike.  Interstitial drain with HDPE liner in need of 
repair. 
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Photo 35: Looking northwest.  Pond C1 HDPE liner north dike.  Pond C2 in background.  
Muddy River at right. 

 

Photo 36: Looking northwest.  Pond C1 south dike.  Pond C2 in background  at the right. 
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Photo 37: Looking north.  Pond C2 west dike.  Muddy River at left. 

 

Photo 38: Looking southeast.  Pond C2 north dike.  Shrub growing on slope near toe. 
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Photo 39: Looking southeast.  Pond C2 north dike.  HDPE with abandoned penetration. 

 

Photo 40: Looking southeast.  Pond C1 north dike. 
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Photo 41: Bulge in HDPE liner on Pond C1 north dike. 

 

Photo 42: Looking southeast.  Pond C1 north dike. 
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Comment 33. Section 8.2.2, page 15 

GEI: "Slightly oversteepened downstream slopes were observed on the north berm of Pond C1 

and on the north end of the west berm of C2." 

NVE: Based on aerial topography taken in August 2009, the slopes of the north embankment of 

Pond C1 and the north end of the west embankment of Pond C2 are around 2H:1V.  See Comment 

47. 

GEI Response:  The discussion of downstream slopes was incorrectly included in Section 

8.2.2.  This discussion has been moved without change to Section 8.2.3 Downstream Slopes.   

Comment 36. Section 9.3, page 17 

GEI: "The typical sections for Pond 81 were developed from an as-built survey performed 

subsequent to reconstruction of the embankments." 

NVE: The three sections shown in the June 13, 2007 Slope Stability Analysis by Stanley 

Consultants are not the typical sections for the entire Pond B1; they were for the northern 

embankment of Pond B1 only.  This analysis replaced the previous analysis done for the original 

design (Stanley Consultants, December 20, 2006).  The interior and exterior slopes of Pond B1 were 

originally designed to be 3H:1V. The northern embankment of this pond was not built according to 

this design and was redesigned and reconstructed with 2.5H:1V exterior slopes, a 20 foot wide 

bench at the toe of the slope, and 3H:1V interior slopes.  The eastern, western, and southern 

embankments were installed according to the original 3H:1V slope design.  The record drawings 

included in Appendix E of the Dam Safety Permit Proof of Completion Ponds B-1& B-2 (Stanley 

Consultants, February 2009) show the current configuration of Pond B1. 

GEI Response:  NVE Energy provided additional information including cross-sections 

developed from as-built survey that were stamped by a Professional Engineer in the State of 

Nevada.  The provided information supports the assertion that the exterior Pond B1 northern 

slope was constructed to 2.5H:1V, or flatter, and the associated stability analysis is 

applicable and demonstrates the required minimum factor of safety is met.  A copy of the 

additional information provided by NVE on July 6 and 8, 2011 is attached.   

Comment 37. Section 9.3, page 17 

GEI: "A horizontal acceleration of 0.08g was used in the pseudo-static analyses by Converse 

Consultants." 

NVE: The original Converse model was re-analyzed using Spencer's Method in SLOPE/W 2007 

with the horizontal and vertical acceleration coefficient of 0.15g.  The factors of safety calculated for 

Ponds C1, C2, E1, and E2 for the seismic conditions all exceed the required value of 1.0.  No changes 

were made to the original model dimensions or soil parameters.  The plates showing the reanalysis 

can be made available. 

GEI Response:  NVE indicated where GEI could find the stability analyses performed with a 

pseudostatic coefficient of 0.15g.  GEI reviewed this information and found it acceptable for 



Response to NVE Comments 
Reid Gardner 

Page 3 of 7 
 

the pseudostatic analysis of the subject ponds, however this acceptance has been qualified 

in the report because the results of the ongoing liquefaction evaluation are not yet known.  If 

the ongoing liquefaction evaluation indicates potential for liquefaction, then the 

pseudostatic analysis method is no longer valid and additional stability analyses will be 

required.  See also the response to Comment 44. 

Comment 39. Section 9.4, page 19, Table 9-1, Stability Factors of Safety and Guidance 

NVE:  See Comment 36.  The correct values for Pond B1 are listed below: 

 Pond 81 

Location North 

Profile A B c 

Loading Condition 
Min. 

Required 
FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Min. 
Calculated 

FS 

Steady Seepage 1.50 1.56 1.52 1.55 

Seismic – Steady Seepage 1.00 1.08 1.14 1.08 

The source for these values can be found in the "2.5H:1V w/ 20' Bench" column in the June 13, 
2007 Slope Stability Analysis that is located in Appendix C of the Dam Safety Permit Pond B-1, June 2008, 
Stanley Consultants. 

For Pond F Steady Seepage Slope Stability see Comment 42. 

GEI Response:  The tabulated stability factors of safety were revised as indicated in 

Comment 39 based on the additional information presented in Comment 36.   

Comment 43. Section 9.4, page 20, fourth paragraph 

GEI: While the FS values obtained for Ponds C1, C2, E1, and E2 meet the minimum required FS, 

they were analyzed with a reduced seismic coefficient of 0.08g instead of 0.15g, which is considered 

appropriate for a significant hazard classification impoundment." 

NVE: See response to Comment 37.  This entire paragraph can be revised accordingly. 

GEI Response:  Deletion of this text was acceptable based on the additional information 

provided in Comment 36.   

Comment 44. Section 9.5, pages 20/21 

GEI: "The liquefaction potential at the eight CCW impoundments was not previously evaluated 

based on review of the available documents. 

NVE: A review of the available boring logs and the geologic cross sections developed by Stanley 

Consultants in January 2010 was completed to identify potentially liquefiable soil strata.  Boring logs 

were reviewed from each of the Converse Geotechnical Investigation Reports (for each respective 

pond). Borings were reviewed for the presence of shallow (less than 5O feet deep) loose sandy 

deposits below the water table and near the impoundment embankments.  The review indicated 

that a majority of the soils underlying the embankments consist of clayey soils or medium dense to 

dense sandy soils. Isolated stratum of loose sands and silty sands were identified in some soil 
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borings.  These borings were selected for further analysis to determine if the soils identified in the 

borings are susceptible to liquefaction induced settlement or strength loss.   

Liquefy Pro was used to analyze the liquefaction potential at the isolated boring locations.  Soil 

types, blow counts, total unit weights, and percent fines were input along with the acceleration of 

0.15g and a magnitude of 6.0.  The earthquake magnitude of 6.0 was based on research of historical 

earthquake events within 100 miles of the project site. 

The analysis determined that the shallow loose sand deposits shown in Borings AB-6 and B-14 

located near the southwest corner of Pond B3 show potential for liquefaction (factors of safety 

below 1.0).  The Liquefy Pro analysis estimated between 1" and 3" of settlement as a result of 

liquefaction of these strata.  Typically differential settlements due to liquefaction are less than 1/2 

of total settlement.  The liner system would be able to tolerate this amount of total and differential 

settlement.  Potentially liquefiable soils were also identified near the E Ponds in Boring B-4 and near 

the F Ponds in Boring B-1. Again, these soils were limited in lateral extent under the ponds.  A 

seismic event was modeled with an acceleration of 0.15g and a magnitude of 6.0.  Following the 

analysis, it was determined that two zones of loose sands located below the water table return 

factors of safety below 1.0.  For Boring B-4 near the E Pond embankment, the Liquefy Pro analysis 

estimated between 8" and 9" of total settlement as a result of liquefaction of these strata.  For 

Boring B-1near the F Pond, approximately 1" of total settlement was estimated.  Typically 

differential settlements due to liquefaction are less than 1/2 of total settlement.  The liner system 

would be able to tolerate this amount of total and differential settlement. 

Review of the available soil boring logs and geologic sections for the Reid Gardner site indicate that 

there are soil strata potentially susceptible to liquefaction.  These strata are of limited horizontal 

and vertical extent, and the resulting settlements estimated by the analysis would be tolerated by 

the liner system.  Several of the borings indicating loose sandy soils were advanced utilizing hollow 

stem augers or air rotary techniques.  Both of these methods of advancing borings below the water 

table are susceptible to hole "blow-up" and corresponding reduction in SPT N-Values.  In addition, 

many of the samples were obtained utilizing a larger diameter "Converse Sampler".  Correlations 

between blow counts with larger diameter samplers and SPT N-Values are sometimes unreliable. 

GEI Response:  The comments provided by NVE, including the Geotechnical Report prepared 

by Stanley Consultants, Inc., dated May 28, 2011, were judged by GEI as not adequately 

addressing the liquefaction potential issue and lack supporting data and analysis that can be 

fully reviewed to prove there is no stability concern or liquefaction-induced stability concern.   

At EPAs direction, GEI requested NVE provide, as a matter of urgency, supporting 

information including data, analyses, discussion of analysis methods, conclusions, and 

measures to address any concerns.  Subsequent to the request for additional information, 

NVE performed an internal review of potential liquefaction issues at the site and elected to 

conduct a detailed liquefaction investigation and evaluation as documented in the attached 

letter from NVE to EPA dated August 3, 2011.  NVE proposed a schedule for the liquefaction 

investigation, evaluation, and report such that the field investigation and portions of the 

data evaluation, including preparation of a geotechnical report, would be completed and 
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submitted by October 14, 2011 and a liquefaction analysis report would be completed and 

submitted by November 30, 2011.  EPA accepted NVEs plan and schedule for conducting the 

liquefaction investigation, geotechnical report, and liquefaction report.  The results of the 

liquefaction investigation, geotechnical report, and liquefaction report were not available for 

inclusion in the coal combustion waste site assessment report.  The text of the report was 

revised to retain the recommendation for an evaluation of the liquefaction potential and to 

acknowledge that NVE has implemented a plan to conduct a liquefaction study.  The results 

of the liquefaction potential study may also invalidate the pseudostatic stability analyses 

previously performed by NVE, as noted in our response to Comment 37 above.  

Comment 50. Section 11.1.1, page 23 

GEI: "Future removal of the Pond G dike should be planned to not adversely affect the 

performance of the Pond F dike slurry wall." 

NVE: The remaining Pond G dikes will not be removed until Pond F is taken out-of-service. 

GEI Response:  The text was revised to include as a recommendation NVEs statement that 

the remaining Pond G dikes will not be removed until Pond F is taken out of service.   

Comment 60. Section 12.1, page 25 

GEI: "Perform a liquefaction potential analysis for the impoundments." 

NVE: This recommendation should be removed per Comment 44. 

GEI Response:  GEI disagrees with this comment and the requirement for a liquefaction 

potential analysis was retained.  This issue is further discussed in our response to Comment 

44.  

Comment 66. Section 12.2, page 25 

GEI: "We recommend a more thorough instrumentation and monitoring program be developed 

and implemented that would include consideration for addition of settlement monuments on the 

perimeter dikes of the impoundments." 

NVE: See response to Comment 30. 

GEI Response:  GEI disagrees that this comment provides sufficient information and the 

recommendation for development of an instrumentation and monitoring program was 

retained.  

Comment 67. Section 12.2, page 25 

GEI: "We recommend that uniform dike crest elevations be established in order to help identify 

settlement visually and to avoid the potential for concentrated flow if impoundments should 

overtop. 

NVE: As stated in our response to Comment 30, we will survey at least one concrete pedestal 

regularly for each impoundment.  An evaluation will be made regarding making the dike crests 

uniform based upon the survey results. 
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GEI Response:  GEI accepts the information provided in the comment, however the use of 

concrete pedestals for embankment movement monitoring will need to be validated per our 

response to Comment 30.  The report text was not changed.  

Comment 69. Section 12.2, page 25 

GEI: "We recommend a standardized monitoring program be established that includes all 

monitoring instrumentation and documents the methods used for data collection." 

NVE:  See responses to Comments 30, 45, 46, 48, 49, and 61. 

GEI Response:  GEI disagrees that this comment provides sufficient information and the 

recommendation for development of a standardized monitoring program was retained.   

Comment 70. Section 12.3, page 26 

GEI: "We recommend NV Energy develop and document formal inspections of the CCW 

impoundments, at a minimum to be performed annually by plant staff.  We recommend a brief daily 

check inspection be conducted by RGGS personnel and that a written record is maintained for the 

monthly inspections being conducted by NV Energy personnel.  Also, continue efforts to repair minor 

erosion, oversteepened banks, and damage to the HOPE liner system as necessary.11 

NVE: See responses to Comments 30, 45, 46, 48, 49, and 61. 

GEI Response:  GEI disagrees that this comment provides sufficient information and the 

recommendation for development and documentation of formal inspections, daily checks, 

and continued maintenance was retained.   

Comment 73. Section 12.5, page 26 

GEI: "Liquefaction analyses have not been performed and are warranted based on loose, 

saturated, granular foundation soil that appears to be present in the dike foundations across the site 

and the seismicity of the area." 

NVE: See response to Comment 44. 

GEI Response:  GEI disagrees that this comment provides sufficient information and the 

recommendation for conducting a liquefaction potential evaluation was retained.  The text 

was revised to indicate that NVE has initiated a liquefaction potential study; however the 

results will not be available in time to address in this report.   

Comment 74. Section 12.5, page 26 

GEI: "There is no instrumentation provided to enable accurate monitoring of perimeter dike 

performance for potential movement or settlement." 

NVE: See response to Comment 30. 

GEI Response:  The text was revised to delete this factor as a main contributor to the rating.  

  



Response to NVE Comments 
Reid Gardner 

Page 7 of 7 
 

Comment 75. Section 12.6, page 27 

NVE:  Based on the information and technical clarifications contained in these responses to the 

draft report, NVE asks you to consider giving these management units a Satisfactory rating. 

GEI Response:  GEI disagrees that the comments, and in particular Comment 44, provided 

sufficient information to improve the rating to Satisfactory.  A rating of Fair is assigned to 

the eight impoundments consistent with the report findings and the contributing factors 

listed in Section 12.5.   

Comment 77. Figure 31mpoundment Water level Measurements, Notes 

GEI: "3. Water levels for Pond C2 were provided for June 3, 2010 and February 15, 2011 only and 

for Pond F on February 15, 2011 only." 

NVE: NVE suggests the following wording change: "3. Water levels for the time frame plotted for 

Pond C2 were provided for June 3, 2010 and February 15, 2011only and for Pond F on February 15, 

2011 only." 

GEI Response:  The existing figure notes are considered adequate and no revisions were 

made.   

 

 

Attachments:  

o NVE Comments Regarding:  Draft Specific Site Assessment for Coal Combustion 

Waste Impoundments at Reid Gardner Generating Station, April 2011; 

o Post Construction Survey Profile, Drawing C-102 Rev. 2;   

o Stability Analysis output for Pond B1, Section B-C102, Steady Seepage loading case; 

o Letter from NVE to EPA, August 3, 2011, Proposed Liquefaction Study for NV Energy 

Reid Gardner Generating Station. 
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Appendix D.2 

Response to EPA Comments 





 
Memo  Page 2 September 26, 2011 

Stephen Hoffman, Task Order Manager, USEPA 
Jana Englander, USEPA 

3. On page 11, section “5.2.3 Freeboard Adequacy”, it may be advantageous to augment 

this section with a description of “very simplified evaluation using conservative 

assumptions.” Elaborate on both the process of the evaluation and the assumptions being 

made in the evaluation. 

Response:  The text has been modified to indicate the evaluation is “approximate” 

instead of “very simplified.”  In order to avoid repetition, the reader is referred to the 

preceding articles for the basis of the evaluation. 

4. On page 16, section “8.4.4 Water Surface Elevations and Reservoir Discharges”, 

paragraph 2, the text refers to “a new method for tracking pond levels” developed by 

RGGS in 2009. No mention is made of this new method. Please elaborate further on this 

new method of measuring pond elevation (e.g., manual gauge reading, electronic 

reading). 

Response:  RGGS began using manual measurements referenced to elevations on 

nearby structures to obtain the elevation of the pond water surface.  The text has been 

revised accordingly. 

5. On page 17, section “9.3 Methods of Analysis”, paragraph 2, please include the basis of 

decision (if available from documentation) for the particular loading cases used in the 

geotechnical analysis of slip surfaces in the embankments (e.g. USACE code). 

Response:  The text has been revised to discuss a basis of the loading cases. 

6. On page 19-20, section “9.4 Discussion of Stability Analysis and Results”, it is evident 

from submitted reports prepared by Stanley Consultants that the minimum factors of 

safety as required by EM-1110-2-1902 are not met in Pond B1, Profile B for steady 

seepage or seismic steady seepage and is not met in Pond F for steady seepage.  In 

Paragraph 6 please elaborate on the exact parameters modeled and the specific 

variations between input modeling parameters and as-built pond specifications.  Please 

include a summary of all communication with NVE subsequent to June issuance of 

draft report concerning provision of additional information concerning insufficient 

factors of safety, along with other EPA comments, in final report. 

Response:  Information provided by NVE subsequent to the Draft Report indicated the 

required minimum factors of safety were either met or exceeded for Pond B1, Profile B 

for steady seepage or seismic steady seepage and for Pond F for steady seepage.  NVE 

comments on the Draft Report, the disposition of those comments, and subsequent 

additional technical information provided by NVE are included in Appendix D of the 

Final Report.  Comments provided by EPA and the disposition of those comments are 

also included in Appendix D of the Final Report. 



 
Memo  Page 3 September 26, 2011 

Stephen Hoffman, Task Order Manager, USEPA 
Jana Englander, USEPA 

7. On page 27, under Section 12.6 Acknowledgement of Assessment, please provide a 

condition rating for each individual unit. 

Response:  The text has been revised to include a condition rating for each individual unit. 

8. The following question was not addressed in report: “Is any part of the impoundment 

built over wet ash, slag, or other unsuitable materials (like TVA)?”  Please include this 

and the response at the end of the field observation checklist. 

Response:  The question and response has been included at the end of Section 3, 

Summary of Construction History and Operation. 
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