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September 3, 2003 

Project 96-410-37 

Mr. Michael B. Lott, P.E. 
Dominion Generation 
Fossil & Hydro Technical Services 
Innsbrook technical Center 
5000 Dominion Boulevard 
Glen Allen, Virginia 23060-6711 

Dear Mr. Lott: 

Response to VDEQ Comments 
Revised Closure Plan - Upper (East) Pond 

Chesterfield Power Station 
Chesterfield County, Virginia 

GAi Consultants, Inc. 

570 Beatty Road 
Monroeville, PA 15146-1300 
n l _ _ .. A 1 .., 10 r- r / .. "'" 
J: uuuc: 't J."-/OJU•U'tl.N 

FAX 412/856-4970 

GAi Consultants, Inc. (GAi) is pleased to offer the following responses to questions 
or comments that have been presented by the Virginia Department of Environmental Quality 
(VDEQ) on the revised closure plan (May 2003) submitted to them on June 5, 2003. The 
questions or comments will be presented first in this letter, followed by our response. 

Questions/Comments from Ray Jenkins directed to Ron Birckhead of Dominion: 

1. At the bottom of page 2 in the Closure Plan a statement is made concerning 
post-closure care for 5 years. The discussion continues on page 3 to reference 
ground water monitoring. On page 13, item A.11., ground water monitoring is also 
mentioned in the context of the VPDES permit requirements. I recall that we talked 
about this before and all understand that ground water monitoring will be governed 
by the VPDES permit. That is, monitoring is not tied to a post-closure time period. 
Would it help to clarify the discussion on pages 2 and 3? 

Our understanding is that all monitoring, groundwater or surface water will be 
governed by the VPDES permit and not by the closure plan. The intent was to 
simply reference the VPDES permit in the closure plan. A statement was 
added to the closure plan to indicate that groundwater and surface water 
monitoring is governed by the VPDES permit and not by the closure plan. See 
page$ 2 and 3 of the Closure Plan. 

Pittsburgh, PA Charleston, WV Philadelphia, PA Ft. Wayne, IN Vina del Mar, Ch ile 
Orlando, FL Boone, NC Jacksonville, FL Richmond, VA 
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2. Item A.11 on page 13 of the Closure Plan refers to both ground water and surface 
water monitoring. In context, I understand the meaning of surface water monitoring 
to actually be a reference to effluent monitoring at Outfa!! 005. The VPDES perm!t 
can be modified as necessary. 

The intent was to refer to the monitoring requirements at Outfall 005. See page 
12 of the Closure Plan. 

Questions/Comments from John Godfrey: 

1. Closure Plan (CP), page 1: The addition of the flue gas emission control waste 
material to the wastes disposed of at this facility is acceptable, provided the material 
can be demonstrated to be non-hazardous. The flue gas emission control material is 
considered to be a coal combustion by-product (CCB) in the Virginia Solid Waste 
Management Regulations (VSWMR, 9 VAC 20-80), so the ability to reclaim the 
material from the disposal area is not affected. 

2. 

3. 

4. 

We believe the material will test to be non-hazardous. Material testing will be 
performed and the results submitted when the material is available. No further 
action is required. 

CP, page 6: As you noted, the use of the word "(E)lsewhere ... " in the discussion of 
ash placement is ambiguous. It would clarify the matter to state, "Elsewhere within 
the disposal pond ... " 

Revision made for clarification. See page 5 of the Closure Plan. 

CP, page 6: As we had previously noted, the revised moisture-density windows for 
the placement of the CCB is acceptable. 

No response necessary. 

CP, page 7: The criteria for the vegetative cover that it should be a " ... low 
maintenance species that does not require mowing ... " is understandable, but the 
species must also have a root mass that is sufficiently dense to minimize soil 
erosion. High growing grasses can result in the loss of the lower, denser growth of 
grass, which can lead to rather sparse vegetation that does not hold the soil. It is 
recommended that mowing be conducted on a limited basis (2-3 times per year) to 
provide an effective vegetative cover, at least during the first couple of growing 
cycles. The maintenance measures discussed seem adequate. The seeding blend 
discussed on page A-2 is an example of a mixture that may be effective and require 
minimal mowing since the Fescue does not grow exceptionally tall and the Bermuda 
does provide a root structure. 

GAi concurs with the VDEQ comment on mowing as it relates to plant growth 
and root structure. A stateQ'Jent was added to indicate that mowing will be 
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5. 

6. 

7. 

8. 

9. 

conducted on a limited (2 to 3 times per year) basis. See page 7 of the Closure 
Plan. 

CP, page 11: The groundwater monitoring requirements for industrial waste landfill 
that is provided in 9 VAC 20-80-300 of VSWMR may be a good resource in the 
development of the groundwater monitoring program. 

The referenced regulations will be consulted for guidance when appropriate 
for any changes in the groundwater monitoring system. Since the FGD 
material is a different material, the groundwater monitoring program will be 
evaluated to determine if changes are needed prior to placement of the 
material in the upper pond. No further action is required. 

CP, page 16: Some more discussion is needed to explain the term "exhibiting 
erosion." It is suggested that a maximum allowable size of rill be defined. 

We have changed this section to have channel erosion repair begin when a 
4-inch deep rill occurs. See page 14 of the Closure Plan. 

CP, page 17: In-the discussion of post-closure maintenance activities, more specific 
guidance should be provided to enable plant personnel to determine when the 
stormwater features must be cleaned. 

This section has been revised to indicate that sediment removal will begin 
once the accumulated sediments reach a depth equating to 25 percent of the 
hydraulic capacity. See· page 15 of the Closure Plan. 

CP, page A-1: Is the cover soil to be placed over the compacted surface of the CCB, 
or is the surface to be scarified prior to placement of the soil? 

The cover soil can be placed on the compacted CCB surfaces. See page A-1 
of the Closure Plan. 

CP, Page C-1: The inspection frequencies are good. 

No response necessary. 

10. CQA Plan, Table 11-4, page 11-8: The testing frequencies are adequate. 
CQA Plan, page 111-2: The instruction is that the geotextile be kept under tension 
during installation. Would it be reasonable to recommend that the material be 
deployed down the slope? 

No response necessary to testing frequency comment. 'Deploying' a geotextile 
downslope would help to ensure that the material is under tension, but may 
not be appropriate for all installations. For greater flexibility in material 
placement, we suggest that the requirement that it be 'kept under tension 
during installation' remain as written. No further action is required. 
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We believe that these responses adequately address the VDEQ questions and 
comments. As you requested, we have revised the Closure Plan in accordance with our 
responses above. Changes were not necessary to the Phasing Plan or the Construction 
Quality Assurance Plan. 

As always, please do not hesitate to call me if you have any questions. 

Sincerely, 
GAi Consultants. Inc. 

~~:fr 
Engineering Manager 

TNK:CLN/cwi 
9641037-ltr-cln/cwi132 
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CLOSURE PLAN - UPPER (EAST) POND 
CHESTERFIELD POWER STATION 

CHESTERFIELD COUNTY, VIRGINIA 

Introduction, Background of Site, and Closure Summary 

A. - Introduction 

1 

This Closure Plan for the Upper (East) Pond at the Chesterfield Power 

Station describes the closure of the existing, permitted facility, 

Permit No. VA004146. The location of the site is shown on Figure 1. 

Included as a part of this Closure Plan is the description of the final 

cover, which will consist of 12 inches of soil material capable of supporting 

vegetation. Design calculations for the final closure are included in the 

appendices. 

B. Background of Site 

The Upper (East) Pond is an unlined, diked disposal site that was 

constructed in 1983 for long-term disposal of fly ash, bottom ash, and coal 

mill rejects, containing small amounts of pyrites. These materials are 

commonly referred to as coal combustion by-products (CCBs) and now 

- include other types of materials, such as, but not limited to, flue gas emission 

control waste material. Historically, material was transferred from the lower 

west pond to the Upper (East) Pond about every three (3) years. Following a 

material transfer in July 1996, however, the Upper (East) Pond was reaching 

capacity and Virginia Electric and Power Company (Dominion), as part of 

their permit requirements under VA004146, prepared and submitted a 

Closure Plan for the facility. Dominion proposed to effect the closure of the 

I 
I 
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Upper (East) Pond by the continued placement of CCBs within the pond. 

The Closure Plan was reviewed and approved by the Commonwealth of 

Virnini~ Rv ~11hmi~~inn nf thic::: n:::o.Hi<::Arl r'.ll"'lcr ire Dbn onrl .--+hor- '"°'"; ... ~,.i 
- · ·.;;1·-··--·· -J ----··· · --· -· · -· ~· ··- ·-··--- -·---•'-' 1 '"""''• """''u V'-llVI l\..rVl.;JVU 

associated documents, Dominion proposes to continue the closure of the 

Upper (East) Pond by placement of CCBs on the interior of the dikes, but 

under different criteria. 

Closure Summary 

Closure of the site will occur simultaneously with the continued 

placement of CCBs, which will occur generally from east to west. Surface 

runoff will be handled with benches, lined or paved slope drains, surface 

swales, and perimeter collection channels. As final CCB surfaces are 

obtained, a 12-inch-thick final soil cover will be placed, then fertilized, 

seeded, and mulched. The final top surface will drain toward surface swales 

at a minimum two (2) percent slope. The surface swales will outlet into the 

slope drains around the site. 

After CCB placement has been completed and the entire site has 

been stabilized with vegetation, post...;closure care will commence. 

Post-closure care of the facility will continue for a period of five (5) years. 

Post-closure care will consist of regular site inspections, and routine site 

maintenance. Following post-closure, the temporary sediment pond will be 

filled in and flow from the two (2) perimeter collection channels will be 

combined into one culvert and discharged through the dike near the 

southeastern side of the pond. Detailed information pertaining to the site 
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closure and post-closure is presented in the following sections. Ground 

water and surface water monitoring will continue per the VP DES Permit. 

f'lnc1 ll"O Pbn "-J'•---· - . ·-·' 
A. Closure Activities 

1. Closure Plan Time Frame. As final CCB surfaces are obtained during 

CCB placement, final closure will be performed. Based on the current 

CCB production of 300,000 cubic yards per year, final closure is 

expected sometime near the year 2028. However, additional 

environmental controls, e.g. flue gas emission control scrubbers, may 

be added to the Chesterfield Station around 2008 to 2010 and the 

final close year would be expected to change. If added, the amount of 

CCBs will increase and is estimated to be an additional 120,000 cubic 

yards per year. This would bring the annual production to 420,000 

cubic yards. The flue gas emission control waste material would be 

co-mingled in the upper pond with the other materials removed from 

the lower pond, and, if all material goes to the upper pond, the final 

closure would be expected sometime near the year 2023. However, 

implementation of CCB utilization options could extend the site's 

useful life to a later date. For example, the flue gas emission control 

waste material may be used in the production of wallboard . Also, ash 

that has been placed at the site has been removed for other beneficial 

purposes. This practice is anticipated to continue. 
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If the site were to be closed before the final depicted 

configuration is achieved, the final cover and drainage channels would 

still be constructed as described in this p!an and as shmAm en the 

Drawings. The only difference would be that the final top surface 

would be at a lower elevation and would have a slightly larger surface 

area. A minimum two (2) percent slope would also be maintained for 

surface drainage. 

Closure Performance Standard. Post-Closure maintenance will be 

minimized by implementation of the following features, which are more 

fully described in subsequent sections of this plan: 

• Final grading/surface water drainage channel system providing 

positive drainage away from the site 

• Erosion-resistant channel linings 

• Vegetated cover soil 

• Regularly scheduled facility inspections 

The site will be covered with a vegetated soil cover to reduce the 

potential for erosion and infiltration. The closure materials are CCBs, 

hence no waste decomposition products are expected. 

CCB Placement. As the CCBs are placed, the working surface shall 

be graded in a manner to drain toward the lined slope drains. Grading 

shall be performed such that ponding of water is minimized on the 

surface. 

I 
I 

. .. ... 1 
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Around the perimeter of the pond, and for a distance of at least 

50 feet inward from the final surface, the CCBs shall be placed and 

graded in lifts not exceeding one foot Each !!ft sha!! be compacted at 

optimum moisture, within a tolerance of plus four (4) percent or minus 

six (6) percent of optimum, to a minimum density of not less than 

95 percent of Standard Proctor maximum dry density. This may 

require additional compactive effort to achieve. Elsewhere within the 

upper pond, material shall be placed and compacted at optimum 

moisture, within a tolerance of plus or minus eight (8) percent of 

optimum, to achieve a minimum density of not less than 92 percent of 

Standard Proctor maximum dry density. Surcharging techniques, 

such as storing the CCB material in stockpiles at least 15 feet high 

may be used to achieve the compaction and moisture requirements. 

Fugitive dust shall be controlled at the site as required. A water 

truck and/or other methods will be available to spray the haul roads 

and active surfaces to control fugitive dust. 

Final cover soil is to be carefully placed above the CCB surface. Soil 

used for cover will have physical and chemical characteristics 

conducive to the establishment of vegetation and be free of wood 

fragments, rocks over three (3) inches in size, and other debris. 

Placement of the soil will be monitored at all times. The soil material 

shall be acquired locally from nearby sites, such as on-site (Dominion 

property), the Chesterfield County Proctor Creek Wastewater 
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Treatment Plant, or the Shoosmith property. When on embankment 

slopes, the soil shall be placed from the bottom of the slope up to the 

too. and shall be olaced in ona 1 ?-inr.h thir.I< lift ThA 1 ?-inf"h thif'I< lift '. . . --·- -- ·- --- · ..... -. ......... · ·· - ·- ···-·· ... ,.,_., ... , 
shall be compacted with a minimum of two passes of the track area of 

the dozer used to place the soil. Tracking of the soil shall be up and 

down the slope, not transverse. 

The proposed final cover vegetation will be a low maintenance 

species that does not require mowing. It will be chosen for it's 

demonstrated adaptability to growth in a wide range of soils. The 

seed mixture will include perennial cool-season grasses 

(e.g., Perennial Ryegrass or Tall Fescue) and a nitrogen-fixing 

perennial legume (e.g., Sericea Lespedeza). A complete description 

of the cover vegetation and fertilizing, seeding and mulching 

requirements are provided in Appendix A. 

Maintenance Needs. The cover system is designed to function 

effectively with minimum maintenance needs. The top surface will be 

graded to provide positive drainage and to minimize ponding; 

embankment side-slopes will be graded at 3 horizontal to 1 vertical 

(3H:1V) , with 20-foot-wide benches placed every 25 vertical feet 

maximum, which will minimize erosion. The vegetative cover 

specified will be monitored closely after major storm events, 

particularly in the establishment year and will be reseeded and 

mulched as necessary. The vegetation species will be chosen so as 
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to require mowing on a limited basis (2 to 3 times per year), and not to 

require maintenance fertilizer. Nutrient cycling and biological nitrogen 

fixation (by the perennial legume) 1:Ni!! maintain and build fertility leve:s. 

Large woody plants will be cut down and the stumps treated as 

necessary. 

Surface · Drainage and Erosion. A surface water drainage system 

has been designed to provide run-off control at the facility. No 

run-on control is necessary since the pond does not receive any 

runoff from off-site. Benches located at the site have been designed 

to collect and convey surface runoff from the 3H:1V slopes to the 

slope drains and perimeter collection channels. The perimeter 

channels convey the flows to the temporary sediment pond located at 

the eastern end of the site. All channels are designed to 

accommodate the 25-year, 24-hour storm. The benches were 

designed at a slope of one (1) to three (3) percent, the slope drains 

were designed at a maximum slope of 33 percent and a minimum 

slope of five (5) percent, and the perimeter collection channels were 

designed at a grade of 0.4 percent. The benches and 

perimeter channels will be fertilized, seeded, and mulched the 

same way as the final cover on the rest of the site. The slope drains 

will be lined with concrete, concrete-like material, or paved with an 

Engineer-approved lining. The haul roads shall be constructed as 

shown on the Drawings. Bituminous-coated corrugated metal 

r 
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pipe culverts will be used to convey the 25-year, 24-hour storm 

flows underneath the haul roads and ultimately underneath the closed 

temporary sediment pond, where shown on the Dravvings. The !aycut 

and details of the channels are also shown on the 

Drawings. Hydrology and hydraulic calculations are provided in 

Appendix B. 

Soil material that may erode during construction will be 

intercepted and channeled to the on-site sediment pond. Eroded 

areas will be repaired. Calculations have been performed to estimate 

erosion rates for the post-closure period (see Appendix B). The 

estimated rate of cover erosion was calculated by using the Universal 

Soil Loss Equation. The maximum estimated erosion rate was 

calculated to be 1. 7 tons per acre per year for the final vegetated 

surface. The estimated erosion rate is less than the accepted 

maximum soil loss rates, which usually range from 2 to 5 tons per 

acre per year. 

Stability and Settlement. Stability of the CCB placement areas was 

demonstrated by calculations performed for the design. These 

calculations are included in Appendix B. Based upon research 

performed, it was established that Chesterfield County has a seismic 

coefficient of 0.075 which indicates that the Upper Pond site is not 

susceptible to significant damages due to earthquake activity. This 

coefficient was taken into consideration in the stability analyses. 
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Stability of the site was analyzed for three (3) cases. The first 

case is for 1998 conditions, the second case is for CCB placement to 

elevation 80, and ·the third case is for CCB placement to 

elevation 130. Given the variability of subsurface soil profiles, 

geometry, and conditions around the perimeter of the pond, nine (9) 

sections were assessed. The factors of safety against a circular 

failure are summarized in Table 2 (Sheet 4 of the stability calculations, 

Appendix 8). 

The factors of safety for most of the cases· under seismic 

conditions analyzed were above 1.5. Exceptions were found in the 

unstable areas at the eastern end of the site that are referred to as the 

North and South dikes (Sections H-H and 1-1, respectively, Table 3, 

Sheet 4 of the stability· calculations). Many of the factors of safety in 

these areas were below 1.5. Note that these factors of safety are 

conservative since they take into account the seismic coefficient and a 

higher than expected phre~tic line through the dike. However, due to 

these lower factors of safety at the eastern end of the site, closure will 

involve terminating CCB placement for these areas at the same 

elevation as ·the top of the dike. Note that the factor of safety does not 

decrease for the additional CCB placement behind the dike. These 

areas and the dike will be monitored for movement. Maintenance 

action will be taken if and when needed. Most of the factors of safety 

for the second and third case (CCB placement to elevation 80 and 
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elevation 130, respectively) were above 1.4. These results represent 

reasonably dry (i.e., not saturated) conditions for the CCB, conditions 

and/or dikes) could lead to lower factors of safety. 

Since the site closure will be performed over a time span on the 

order of 20 to 30 years, much of the anticipated settlement will occur 

during construction. Given that the CCB material is expected to have 

a density of at least 92 percent of Standard Proctor maximum dry 

density, 95 percent around the pond perimeter, and placed in an 

unsaturated condition, post~construction settlement of the material 

should be relatively small. The calculations provided in Appendix B 

indicate that a maximum surface settlement of 1.1 feet can be 

expected, assuming a final nominal maximum surface elevation of 

130 feet above mean sea level (MSL). 

Stability and site life calculations were performed using 

anticipated material properties (unit weight, strength parameters, etc.) 

based upon GAi Consultants, lnc.'s (GAi's) experience with similar 

materials and laboratory testing as presented in the calculations. The 

materials should be monitored and tested in the future, especially_ if 

utilized at this point in time. 

I 

I 
I 

the flue gas emission control scrubbers are installed, and additional 

engineering analyses should be performed to confirm the parameters 
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Freeze!Thaw Effects. The depth of maximum frost penetration is 

expected to be less than 24 inches (see Figure 2). Freeze/thaw 

effects are not expected to be detrimental. An\/ minnr cln11nhinn l"\f 
• •• •J •• ooo • -• - · ...... -:::::11 &IJ I~ ..._,I 

cover soil will be repaired. 

Schedule for Closure. Many factors will dictate the actual schedule for 

closure. The major factors include the CCB generation rate, with or 

without the addition of scrubbers to the station, and possible beneficial 

use applications. It is anticipated that the site will be closed in two 

phases. Using a CCB placement rate of 300,000 cubic yards per 

year, (i.e., without scrubbers), Phase I, consisting of 4 cells, will be 

completed in about 2016. Phase II, consisting of 3 additional cells on 

top of Phase I, will take another 12 years for completion. Accordingly, 

an anticipated closure date for the site could be the year 2028. If 

scrubbers are added in 2008 and 2010, the placement of CCBs is 

expected to increase to 420,000 cubic yards per year. Under this 

scenario, Phase I would be completed in 2014 and Phase II would 

require nine additional years and be completed in 2023. 

A possible closure schedule for the site is shown on Figure 3. 

Security and Posting. Signs will be posted at the locking gates at all 

facility access points and unauthorized entrance is prohibited. Vehicle 

access to the site will be controlled by bar gates secured with lock and 

. key. Vehicle access adjacent to the gate will be denied by physical 

barriers (surface water channels, post barricades, or severe slopes). 

• 
~ 

I 
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11 . Monitoring. Both ground water monitoring and surface water 

monitoring will continue throughout the closure period and will be 

performed in accordance with the terms and conditions cf the Virgin la 

Pollution Discharge Elimination System (VPDES) permit. Surface 

water monitoring will occur at the outlet of the temporary sediment 

pond, currently Outfall 005. The ground water and surface water 

monitoring requirements of the VPDES permit will be modified prior to 

the introduction of flue gas emission control waste material. 

Post-Closure Activities 

1. Security. Vehicle access to the site will be controlled by bar gates 

secured with lock and key. Vehicle access adjacent to the gate will be 

denied by physical barriers (surface water channels, post barricades 

or severe slopes). No CCB material will remain exposed upon 

completion of closure. Access to the closed site will not pose a health 

hazard. 

2. Ground Water Monitoring System Maintenance. Maintenance of the 

ground water monitoring system will consist of repairing any damaged 

materials (e.g., protective casing) as needed, as observed during 

regular inspection (see Item 11.B.3, below) or during sampling (see 

Item 11. 8.4, below). If any irreparable damage occurs, the appropriate 

part or parts of the system will be replaced in kind. 

Since the facility will accept CCBs, no gas generation should 

occur, hence no gas collecting/venting facilities will be installed. 
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The perimeter collection channels will continue to convey 

surface runoff and will be cleaned as required to keep them free-

flowing. 

Inspection Plan. Inspection during the post-closure care period will be 

performed for the items noted below. The frequency of inspection is 

detailed in Appendix C, Table C-1 . Inspections are scheduled 

frequently enough so that any potential damage that might occur 

between inspections will be detected and repairs can be performed 

before significant harm can occur. Appendix C provides a checklist 

for facility inspections. 

• Security Control Devices. The serviceability of the locking 

gates will be inspected during regular inspections. 

• CCB Placement - The entire CCB placement area, including 

top surface and side-slopes, will be inspected for slides, 

settlement, and displacement, and cover condition (see below). 

• Existing Upper (East) Pond Dike - The dike surrounding the 

placement areas will be inspected for slides, displacement, 

seepage and erosion. 

• Cover- The final cover will be inspected for erosion and for the 

condition of the vegetated cover, i.e., gaps in vegetation or 

presence of undesirable trees or brush. 

• Surface ·Drainage System - The surface drainage system, 

including benches, slope drains, haul road drainage channels, 
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surface swales, perimeter collection channels, and culverts, will 

be inspected for erosion, integrity of channel lining, ponding, 

!::Inn ~f"f"t tm1 .i~+orl c.orlimon+ 
-• •- ----• t 1 -tt..4. t.--. '°"'°'""' l l I l"""'I ''• 

• Ground Water Monitoring System - The ground water 

monitoring system will be inspected for the general integrity of 

the wells, well casings and protective casings. 

Monitoring Plan. 

• Ground water monitoring will continue during the post-closure 

period in accordance with the terms and conditions of the 

VPDES permit. 

• hi addition, water from the temporary sediment pond will also 

be sampled in accordance with the VPDES permit. Sampling 

will continue until the sediment pond is closed. 

Maintenance Plan. Maintenance during the post-closure care period 

_will be performed as discussed below, based upon the facility 

inspections described above and in the checklist in Appendix C. 

• Security Control Devices. Any portions of the locking gates 

which might be damaged will be repaired or replaced. 

• Erosion Damage Repair. Any areas exhibiting 4-inch rill 

erosion will be repaired by replacing and compacting the 

material in kind to design grade/specifications, and reseeding 

the area to the specifications. Application of additional 

fertilizer, selective herbicides, rodent control measures, etc. will 
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be implemented as necessary. Follow-up monitoring of the 

repaired area will be conducted to ascertain the integrity of the 

repair. 

Settlement, Sliding, or Displacement. Any areas at the closed 

site exhibiting evidence of settlement, sliding, or displacement 

will be examined to determine the cause of the movement. 

These areas will be backfilled with additional CCBs or soil 

material as needed to maintain positive drainage and the 

integrity of the closed site. Any backfilling will be performed in 

accordance with the site/closure specifications, including 

seeding. If the condition reoccurs or persists, or if the severity 

of the condition initially is judged to warrant it, a detailed 

investigation of the cause will be performed, and remedial 

action will be undertaken. 

Surface Water Drainage System. The channel linings are 

designed to withstand anticipated flow velocities. Maintenance 

of the surface water drainage system will consist of removing 

sediment and/or undesirable vegetation from the channels and 

culverts once accumulated sediments reach a depth equating 

to 25 percent of the hydraulic capacity. Eroded areas will be 

repaired by backfilling and reseeding according to the 

specifications. Damage to culverts will be repaired; structure 

replacement will be performed if needed. 
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• Ground Water Monitoring Wells. Any damaged portions of the 

monitoring wells and/or their protective casings will be 

replaced in kind. The protective casings are steel casings with 

locking covers to minimize tampering or damage due to 

vandalism. 

Training. Company personnel responsible for post-closure 

monitoring, inspection, and maintenance will be under the direct 

supervision of the company's engineering staff during performance of 

these duties. 

Sediment Pond Closure. Following post-closure monitoring, the 

temporary sediment pond will be closed. This will be accomplished by 

constructing drainage modifications and by placing fill material. Flow 

from the two (2) perimeter collection channels will be combined into 

one (1) culvert, which will discharge through the dike in the vicinity of 

. the existing riser structure and 24-inch diameter discharge pipe (see 

Drawing V-96-410-F14). The concrete riser will be demolished and 

removed from the pond, along with the 24-inch diameter discharge 

pipe. The larger replacement pipe that combines the two (2) 

perimeter collection channels will be the only surface drainage 

discharge point from the site. The pond will be filled in stages with 

either CCB or soil, or a combination thereof, in such a manner so that 

the water quality of the discharges from the site are maintained. As 

the pond fill reaches elevation 40, a final soil cover will be placed and 
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the surface will be limed, fertilized, seeded, and mulched according to 

Appendix A. 

9641037rev-cp.cba/cwi132 
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Eng1nHr• • G•ologi111 • Pr1nnu1 
Environmen1al SlMCl«l(th 

570 Beatty Rd. • Pl"sbUJQI\, 
Monro1111H·le. Pa. IS\-46 
• 12-856-$400 

1969 
REVISED 1994 

OMA 5558 IV NW- SERIES V834 

CHESTER, VA. 
37077-C4-TF-024 

1969 
PHOTOREVIS.ED 1987 

OMA 5558 IV SW-SERIES V834 

37077-03-TF-024 

1969 

REVISED 1994 
OMA 5558 IV NE-SERIES V834 

HOPEWELL, VA. 
37077-C3-TF-024 

1969 
PHOTOREVISED 1987 

•DMA 5558 IV SE-SERIES V834 
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QUADRANGLE LOCATION 

0 2000 ft 

SCALE 

C)fll_AWtNG _NUMBER 

96-41-0-AS 

FIGURE 1 
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Approx_imale frost-<lepth contours ror the United States, based on a survey by th: author 

or a selected group or cities .. 

... VER.A.OE DE:PTH OF FROST PE:NE:TR.A.TION I IN,) 
SOURCE:: U.6. DEPT, OF COMMERCE: WE:ATl-lf:R BURE: ... U 

FIGURE 2 FROST DEPTH DATA 

From: Foundation Analysis and Design, l!th Ed., J.E. Bowles, p. 305, 
and Architectural Graphic Standards, 8th Ed.; J. R. Hoke, Jr • 
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Virginia Power - Chesterfield Closure 
Closure Schedule 
CRB 8/22/97 Rev. MRL 2110/98 Rev. GJA 4/24/03/ ft. 

Chkd: MRL 5 JS o3 

CLOSURE SCHEDULE 

Cell Volume Volume Life Closure Year 
Expectancy 

(Ac-ft) (yd3) (yr) 

* * 
1 625.55 1,009,298 3.4 2001 
2 827.05 1,334,417 4.4 2005 
3 979.18 1,579,874 4.8 2010 
4 911.24 1,470 253 3.5 2014 

Subtotal 
3,343.02 5,393,842 16.l 2014 

(Phase!) 
5 655.90 1,058,278 2.5 2016 
6 774.79 1,250,092 3 2019 
7 754.23 1,216,930 2.9 2022 

Subtotal 
2,184.93 3,525,299 8.4 2022 

(Phase II) 

Pond Area** 151.20 243,956 0.6 2023 

Total 9,163,097 25.1 2023 

* based on 300,000 cubic yards placement per year starting in 1998. In year 2008, Scrubber 1 is 
assumed to be operating and will increase the production by approximately 60,000 cubic yards. In year 
2010, Scrubber 2 is assumed to be operating and will increase the production an additional 60,000 
cubic yards per year. At this point, the total production will be approximately 420,000 cubic yards per 
year. 

** based on the temporary sediment pond filled in with CCB's 

FIGURE3 

Path: P:\ 1996\96410\037 
ashproduction_ vapower.xls 
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APPENDIX A 

SURFACE PREPARATION, FERTILIZATION, 
SEEDING, AND MULCHING REQUIREMENTS 
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APPENDIX A 

SURFACE PREPARATION, FERTILIZATION, 
SEEDING. AND MULCHING REQUIREMENTS 

A-1 

The establishment of vegetation on exposed areas of the CCB surface is necessary 

to control erosion. Establishment of permanent vegetation requires a growth 

medium both physically and chemically capable of supporting plant growth and the 

proper selection and planting of compatible grass and legume species. The major 

operations involved in vegetation shall include excavation, redistribution, and 

conditioning of topsoil, and the seedbed preparation, liming, fertilizing, seeding, 

mulching, and maintenance required for the establishment of a suitable stand of 

vegetation. 

A one (1) foot thick cover soil will be placed on the compacted CCB surface to 

provide a final growth medium for the vegetation. The cover soil may be the same 

soil as was placed as temporary cover as long as vegetation can be properly 

established and maintained. The cover soil is required over all CCB surfaces at the 

site. 

Following initial placement and compaction, the finished soil surface shall be 

thoroughly loosened to a depth of between six (6) and nine (9) inches by discing, 

harrowing, or other methods. All soil irregularities shall be satisfactorily corrected 

before liming, fertilizing, seeding, or mulching. 

Cover will be obtained from one of the borrow areas listed in this plan. 

An adequate number of samples of the borrow material shall be obtained for 

analysis. The analyses shall be performed by a qualified soil testing laboratory. 
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A-2 

The analyses results will provide fertilizer formulation as well as the application rates 

for the lime and fertilizer. 

Based upon the characteristics of the material as determined by the tests performed 

to establish lime and fertilizer application rates, a species composition of a seeding 

formula(s), a corresponding application rate(s), a time schedule for seeding and a 

method of application will be prepared. The seeding formula shall include cool 

season grass( es) and a nitrogen-fixing legume to ensure against nitrogen depletion. 

As an alternate method, one {1) of the seeding mixtures recommended in the 1992 

Virginia Erosion and Sediment Control Handbook may be used for the final cover 

soil vegetation. The recommended seeding mixture is the "Low Maintenance Slope 

Seeding Mixture for Coastal Plain Areas". This seeding mixture is found in 

Table 3.32-E of the Virginia Erosion and Sediment Control Handbook, Standard and 

Specification 3.32, "Permanent Seeding". This seeding mixture consists of 

Kentucky 31 Tall Fescue, Common Bermuda Grass, Red Top Grass, a seasonal 

nurse crop, and Sericea Lespedeza. The seeding rates and application 

requirements shall be as specified in Standard and Specification 3.32. 

Soil will be placed only when in a moderately dry condition in order to minimize 

clodding and compaction which can result from multiple passes with construction 

equipment. Soil used for cover will have physical and chemical characteristics 

conducive to the establishment of vegetation and be free of wood fragments, rocks 

over three (3) inches in size, and other debris. Cover soil placement will be 

inspected periodically to assure that the proper depth and soil densities are 

achieved. The surface will be left in a rough or furrowed manner along slope 

~ 

I 



l 
..... I 
. .I 

[ ] 

Il 

I
-, 
:.J 

I
_, 
: l 

f J 

,. ... I 

Ll 
[l 
F1 
LJ 

ll 
Ll 
lJ 
!'-\ 
\... . .,; 

u 
lJ 

G. 

H. 

I. 

A-3 

contours to minimize erosion and maximize available soil moisture during the interim 

period between soil covering and seeding operations. Final grading of the soil 

covered areas will be accomplished to assure free drainage with no depressions or 

drainage courses. 

Liming, fertilizing, mulching and permanent seeding will be performed to the extent 

possible between the dates of March 1 and June 15 or between August 15 and 

October 15. If cover soil is placed during times other than the above-specified 

periods, temporary seeding shall be performed according to the 1992 Virginia 

Erosion and Sediment Control Handbook. No seeding shall be done when the 

ground is frozen, excessively wet, or otherwise untillable, or when prohibited by 

Dominion due to excessive wind. 

Completed slopes shall be seeded and mulched within 15 days of final grading. It is 

the intent of the specifications that the duration of exposure of the construction 

slopes to the elements be as short as possible to minimize the potential for erosion 

and subsequent water pollution. 

Prior to seeding, a seedbed shall be prepared on all slope and top surfaces in such 

a manner as to enhance seed germination, optimize plant root penetration, increase 

infiltration, minimize soil erosion, and optimize available water within the rooting 

zone. Seedbed preparation shall be accomplished by discing, harrowing, or using 

other suitable methods over the area in order to loosen the upper six (6) inches of 

cover. Fertilizer and other soil amendments may be incorporated into the soil during 

this operation. 
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Mulching material shall be free from mature seed bearing stalks or roots of prohibited 

or noxious weeds. Mulches for seeded areas shall be one or a combination of the 

following : hay, straw, or wood cellulose. Hay and straw mulching shall be well 

cured to less than 20 percent moisture content by weight and shall contain no stems 

of tobacco, soybeans, or other coarse or woody materials. 

Hay shall consist of timothy hay, mixed clover and timothy hay, or other 

Dominion-approved native or forage grasses. Straw mulching shall be either wheat 

or oats straw. Wood cellulose shall consist of specially prepared wood cellulose 

fibers containing no growth or germination inhibiting factors and shall be dyed green, 

unless otherwise specified. Wood cellulose fiber shall be furnished air dry in 

packages not exceeding 100 pounds gross, with net weight indicated on the 

package. 

Mulching shall be placed within 24 hours after seeding and shall be placed over all 

seeded areas. Mulching shall be placed uniformly in a continuous blanket at a 

minimum rate of 3, 100 pounds per 1,000 square yards. The depth or rate of 

application may be increased based upon the materials, season, soil conditions and 

method of application. A mechanical blower may be used to apply mulch material, 

provided the machine has been specifically designed and approved for this purpose. 

Machines which cut mulch_ into short pieces will not be permitted. Mulching shall be 

anchored by the use of twine, stakes, wire staples, paper or plastic nets, or by other 

methods approved by Dominion. Wood cellulose fiber, when specified, shall be 

applied hydraulically and may be incorporated as an integral part of the slurry after 
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A-5 

the seed and soil supplements have been thoroughly mixed. It shall be applied 

uniformly ·at the rate of 320 pounds per 1,000 square yards. 

L. Where seeded areas have become damaged by erosion or additional construction 

operations, the affected areas shall be promptly regraded, limed, fertilized, and 

reseeded as originally specified. If the seeding and soil supplement work on a slope 

has been satisfactorily completed, and erosion, slide, or slip occurs which requires 

redressing, excavation, or the establishment of a new slope, the seeding and soil 

supplement operations shall be performed again. 

M. Areas that have n·ot established a satisfactory vegetative cover at the end of one ( 1) 

growing season shall be reseeded, limed, fertilized, and mulched as originally 

specified. 
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APPENDIX B 

CALCULATIONS 
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Table 3-1.-Roughness coefficients (Manning's n) for 
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Surface description ni 
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bare soil) ... . .... . ......... .. ........... . .. . 0.011 
o.o3* .._ ______ c.'B LN:> ~.etc.~) 

Fallow (no residue) ....... . ............ .. ... . 0.05 

Cultivated soils: 
Residue cover :::; 20% . . . . . . . . . . . . . . . . . . . . . . 0.06 
Residue cover >20% . . .. . . . . . . . . . . . . . . . .. . 0.17 

Grass: 
Short grass prairie ........ .. ... .. . ... . ... . 
Dense grasses2 • •••••••• •• •• • •••• •••••• • ••• 

Bermudagrass . ... .......... . ... . ......... . 

D.19 
0.15 
0.24 
0.41 

! Range (natw·al) . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 0.13 

Woods:3 

Light underbrush .......................... · ' 0.40 
Dense underbrush . . . . . . . . . . . . . .. . . . . . . . . .. 0.80 

1The n values are a composite of information compiled by Engman 
(1986). .. . 
2Includes species such as weeping lovegrass, bluegrass, buffalo 
grass, blue grama grass, and native grass mixtures. . 
3When selecting n, consider cover to a height of about 0.1 ft. This 
is the only part of the plant cover that v.-ill obstruct sheet flow. 
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Circle 

Circle 

on~: Present ~ __ 8_f_tJ_c._· _l..\_E._~----------
one: fr)\ T . through subarea 
~ t, 

NOTES: Space for as many as two segments ?er flow type can be used for each 
worksheet. 

Include a map, scheraatic, or descri?tion of flow segments. 

ARt:.A 

Sheet flow (Applicable to Tc only) 

l. Surface description (table 3-1) 

Segment 10 

2, Manning's roughness coeff., n (table 3-1) •• 

3. Flow length, L {total Li 300 ft) •.•••.•••• 

4, T"o-yr 24-hr rainfall, P
2 

• •••• •• ••••• , ••••• 

ft 

in 

5. Land slope , s .............. ........ ........ ft/ft 

0 007 ( L)O.S 
6 . T • ' n Cocpu te T t .. .. • • hr 

t p o.s 0 ,4 
2 s 

Shallow concentrated flow . Segment 10 

7. Surface description (paved or unpaved) ••... 

8 . Flow length, L , • • • • .. • .. .. .. .. • .. • • .. .. • .. • ft 

9. Watercourse slope, s ... · .................... ft/ ft 

lCl, A\ferage .velocity, V (figure 3-1) • .. •• .... •• ft/s 

Co~pute Tt •.•••• hr 

Channel flov Segment !O 

15. Channel slope, s .......................... ; ft/ft 

16. Manning's roughness · coeff., n •••••••••••••• 

17. 

18. Flov length, L 

\. 
19. Tt "J600V 

Es1itt1e . .-\e. v ....... 

Compute Tt 

ft/s 

fc 

hr 

\J~eta-kJ 
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Cc.B 

G.nus CC.B 
o_ 24 C>.0'3 
8Z. 62 
3.S ~.;S 
0:~3 o.~-; 

O.Dtt>I +I o,o\ 1+1 

I +I l+l 
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p.e>4 b.03 

'2.o 2-.S 
\ 'Z. 00 \ '2.Pt> 
0 ~n1 .+ r o .1~-1 +I 

1+1 

I+! 
20. Watershed or subarea Tc or Tt 

(add Tt in steps 6, ·11, and 19) ........ hr .____o _. '2.~ _ __JI I D .. 14 II.__ 
lt\l - SS 
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Circle one: Present Developed -Siofe Dro..\" C Ce\l 1. ac.tlvt..) 
W19r~ q1o-+10-'33- JVi~1. 

1. Runoff curve number (CN) 

Soil name Cover description 
CN _l/ 

Area Product 
and of 

hydro logic. (cover type, t f eatment, and c-..: 

}(acres 
CN x area 

hydrolo~ic ' condition; 
I M ""1" group N I I 

percent impervious; N N Omil Cl) 

unconnected/connected impervious r-i . 0% .J:J 00 bO 
(appendix A) area ratio) Ill Tl ·~ 

E-< ~ ~ 

Coa\ cof"\b.4~ bj-frock,ut 
{'AP. ~ Z t~.:hbn ) · 

85 /5. 2-

.' 

1/ Use only one CN source per line. Totals = \ S .. 'L 

85 CN total product 
(weighted) = total , area: 

=-- = Use CN = 
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Circle one: 

Circle one: 

--,-..... . 

L\~E 

Present Developed 

C0 T through subarea 
t • 

NOTES: Space for as many as t~o segments per flow type can be used for each 
worksheet. 

Include a map, schecatic, or description of flow segments. 

AR£A .. - --- - - :--~----- --- .... ------ --·-· 

. Sheet flo1o1 (Applicable to Tc only) Segment: ID 

1. Surface description (table 3-1) 

2. Manning'.s roughness coefi., n (cable 3-1) • • 

) 3. :101.1 length, L (total L !:._ 300 ft) ......... . ft 

4. T1o10-yr 24-hr rainfall, P2 • • • • • .. • • • • • .. • • • • in 

5. Land slo?e, s .............................. ft/it 

T 
N 0.007 (nL)O.S 6. t 

0 5 
6 4 · Co~pute Tt ••• ••• hr 

P
2 

• s . 

Shallo1o1 concentrated flo1o1 . Segi:oent ID 

7. Surface description (paved or unpaved) ••••• 

8. Flow length, L • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ft: 

9. Watercourse :slope, s •• ; ............ . ....... ft/ft 

10. Average velocity, V (figure 3-1) •••.••••••• ·ft/s 

hr 

Channel flw Segment I!> 

15. Channel slope, s .. , .......... ............. . ft/ft 

16. Manning's roughness coeff., n ·············· 
17. v ....... 'fc/s 

18, Flow lengch, L 

L 
···· ··········· ·············· fc 

19. Tt • 3&00""V hr 

Ce. ~l 1. 
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hydrologic condition; I ("). 

group N I 

percent impervious; N 
Ill 

unconnected/connected impervious .-I . 
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(appendix A) area 'ratio) t1l •rl 
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lf Use only one CN source per line. Totals = 
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Use CN = 

) 

~ 
I 

N . 
eo 

•rl 
~ 

!~JI 

I , -
Engineers • Geologists • Planners 
Environmental Specialists 

Area Product 
of 

CN x area 
~acres • ? 

mi-

0% 

/S.9 l 3 5\. 5 

3 \0. !?> 

I 83 

t 

I 
t 



0 
c 
[] 

[] 

[I 

[] 

· ·1 

L..J 

D 
[] 

[1 

u 
lJ 

[1 

lJ 

~ 

I 
DATE _s-'-+/_/ z.-!-f_~( __ 

' ' 
PROJ. NO. ---'-'t~.-__-_f._7D_-_3_3 _ _ 

CHKD.BY SHEET NO. \l_p OF \0 Engineers • Geologists • Planners 
Environmental Specialists .;: 

----·----- --·· ... ~-·- ,,, .. - . . ""-t- . . 

L\~E. 

Ctrcle one: 

Circle one: 

Present Developed 

T through subarea 
t, I 

SlopR Dr~1n · . ({~U -s .. o.k) 
Wor~~btf Cl~- +I" ..-'3"3 - M~L '2.. 

NOTES: Space for as ma~y as two segments per flow t.ype can be used for each 
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Sheet flow (Applicable to Tc only) 

l. Surface description (table 3-1) 

Segment ID 

2. Manning's r oughness coefi., n (table 3-1 ) •• 

J. Flo" length, L (total LS,300 ft} ••••••••• • . ft 

4, T"o-yt 24-hr r ainfall, Pz •• , .......... .. .. , in 

5. Land slope , s .............................. ft/fr. 

T 
• 0.007 (nL)O.S 6, Coc.pu te Tt , • , • • • hr 

t p 0.5 0.4 
2 s 

Shallo" concenr.rated flow . Segment lD 

7. Surface description (paved or unpaved) ••••• 

8. Flo" length, L • • .. • • .. • .. .. • . • .. • .. • .. • • • • • ft 

9. \Jatercourse slope , s ......... .. ....... , •••• , ft/ft 

10. Average velocity, V (figure 3-l) ••••••.•••• fc/s 

Compute Tc hr 

Channel flow Segnient ID 

15. Channel slope, s ... ......................... 
16. Manning's Toughness coeff,, n 

17. 

18. Flow length, L 
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19. Tt • 3600¥ 
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Circle one: Present Developed 
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L(e/I 5 aclrw.) 
1. Runoff curve number (CN) Refere,..,ce : Us DA ~CS' Tl2-~~ 

vJoc\~.JW. C\1.o-410- 13- t-"~'L 
: 

Soil name Cover description 
CN J./ 

Area Product 
and of 

' hydt'ologic (cover type, treatment, and N 

~acres 
CN x area 

hydrologic condition; I M ..::-group N I I 

percent impervious; N N Omi2 GI 

unconnected/connected impervious n . . 0% .0 Cl) bD 

(appendix A) area ·ratio) C1l 'rl ·~ 
E-< ~ r:.. 

C..oa\ wm\:i\./\~ b~-frod ... cr 
/5,Cj /35/. £ (nc;:. ~fl~~) 85 

\Je.y.t"a.-kJ f{ ('\ 12-l 5o \l LJ:>~ 

14 4-. 2 ( 1::1J)Dd LroY\ci l.\w1' \ 31,0; 8 

TeVVf Pr~ ~.efa-h'oA o'I\ ,c13 
( G\ Ir '-'>1". tj tiro{'\ ) l't ~-0 3LP3t 

: 

.. 

l! Use only one CN source per line. Totals = l,j.,, ~ \ 52C\to~ 3 

CN (weighted) = total product = S'Z.C\'O.~. e,o. \ 
total area Colo •. 1 Use CN = 

. . 
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Circle one: Present Developed 

Circle one: T through subarea 
t: ' 

NOTES: Space for as many as cwo segments per flow type can be used for each 
worksheet . 

Include a map, scheaatic, or description of flov segments. 

{_ ~ .fur · (D~-t,(+ tc.. 

ARt;A ·-· 

: Sheet flow (Applicable to Tc only) 

1. Surface descrlption (table 3-1) 

Segment ID 

2. Manning's roughness coeff., n (table 3-1) .• 

) 3. Clow length, _L (total L ~ 300 f t) ......... . ft 

4, Two-yr 24-hr rainfall, P2 •••••••••••••••••• in 

5. Land slope, s ....... .... . .................. ft/ ft 

hr T • 0.007 (nL)0. 5 
6. 

0 5 4 
Coopute Tc , • , , .• 

t p • o. 
2 s 

Shallow concentrated flo11 . Segment ID 

7. Surface description (paved or unpaved) ••••• 

8. Flo11 length, L • • • • • .. .. • • .. • .. • • • • .. .. • • • • • ft 

9. Ya~ercourse slope, s •• • •••••••••••.•••••••• ft/ft 

10. Average velocity, V (figure 3-1) . • ••••••••• ft/s 

hr 

Channel flo11 Seg10ent ID 

15. Channel slope, s ···· ··· ················ ···· ft/ft 

16. Xanning's roughness coeff., n .. .. .......... 
17. ~ ~"'i...\e.. v ....... ' f c/s 

18. Flo11 length, L ... .. ................ ........ ft 

19. T 
L 

Compute Tt • 3600V ... .... hr 
t 
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c.d~ fC,Ar 

6ff.rl 
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v.~o.nJ \>.""~~~ 
!So Seo 

o • .P\ o.P\ 
I. lo I.lo 
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C..-(;;) -E c.-D 0-E.. 
e.33 0 .c::e 4- o .c\ 0 . 01:>4-

0.015 0.04 0.04- c.c+ 
'35 3 

18-0 33eio '1'2.o (> 

+ \). ';}.~ o.oi + 0 .. 1.o 
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.. 

: 

I+ I 

I+ I 
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\ 
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20. Yatershed or subarea Tc or Tt 

} (add Tc in steps 6, 11, and 19) hr I ·· o ~ 4-(__ · II......__ _o. 4_'L ---ll \,________.I I 
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1. Runoff curve number (CN) l)sDA SCS" T~-t;S" 

WDr\<.~b_t q(p-410-'3'3-t-'\~'i 

Soil name Cover description 
CN lf 

Area ·: Product 
and of 

hydro logic (cover type, treatment, and N 

~acres / 
CN x area 

hydrologic conditio~; I C"1 .;:-
group N I I 

percent impervious; N N ,7 
Q.J mi-

unconnected/connected impervious .-! . . 0 r. .0 eo bl) 

(appendix A) · area ratio) ro .,..j .,..; 
~ ~ ~ 

~ ~e. te--k! f~al 1bil G-Ortr 14- 7o 
. c~p~J (..DA~troY\) 

-

1/ Use only one CN source per line. Totals = lo 

CN total product 
(weig~~ed) ~ total area =--= Use CN I i4-, I 

} 
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Circle one : © Tr. through suba rea ~~~~4\t>-'3'3- .. V.- ICl\..
3
-· · ·- ··!~· - -· . .r ·· ·- · NOTES: Space for as many as two segments per_ flor.1 t ype can be used for each 
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Inc l ude a map, scheraatic, or description of flow segments. 
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Sheet flow (Applicable to Tc only) 

l . Surface descrip~ion (table 3-1) 

Segment IO 

2. Manning's roughness_ coeff., n (table 3-1) • • 

Flow length, L (total L ~ 300 f t ) .......... . 

Two-yr 24-hr rainfall, P2 ••• • • ••••••••••••• 

5. Land slope, s •••••• •.•••• • , • • ••• ••• , ••• •••• 

T · • ·0 . 007 (nL)0' 8 
6

• t l' 0.5 6.4 Cocpute Tt •••••• 
2 s 

ft 

in 

ft/ft 

hr 

Shallow concentrated f l ow - . Segment IO 

7. Surface description (paved or unpaved) ••••• 

8. Flow length, L . . ...... . .. .. ......... .... .. . ft 

9. IJatercourse slope, s .. : .......... .......... f t/ft 

. - . -··-

' . .. --··-·· ··~-- -·-·-- -
A-B 

<l>~.i.d 
a.r~ 1'S" 
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4n 
0.33 
q:~ 

l' l u \ 
10. Aver age velocity, V (figure 3-1) •• • • • •. •• •• 

L 
ll. Tt • 36QOV 

ft/s 

..,_ l+I I+! I+ I Compute Tt •• •••• hr 

Channel flo11 Segment I~ .... c.·-o D-E. ~-F 

15. Channel slope, s ft/ft o .o\ o . '33 o .eo 
0.04- · O .olS 

2 "3$ 

M.o '34-0 u 
16. Manning's roughness coeff., n •• • ••••• •••• •• 

17. r _ _ ~'""·~ ~· \ v ....... 

18. Flo11 l ength, L ·••••••• •••••••• ••••• •••• • ••• 

'ft/s 

ft 

0 .04-

33DO 
L 

19. Tt • 36oQV Compu t e Tt •••••• hr o .otol + 1· - + ()_',).~ + I+! 
20. \Jatershed or subarea Tc or Tt 

) (add Tt in steps 6, -11, and 19) 

.. 
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1. Runoff curve number (CN) 'Kefetf't'\CC l)~DA ~c~ ·~-t;i; 

Soil name 
and 

hydro logic 
group 

(appendix A) 

Cover description 

(cover type, treatment, and · ; 
hydrologlc condition; 

! 
percent impervious; 

unconnected/connected impervious 
area 'ratio) 

Tc~i>r~ ~..eAti-*1"cY\. °" cc.8 

· (-Fad r lo "cU-hb") 

lf Use only one CN source per line. 

CN (weig~ted) = total product 
total area = -- = 
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N 
I 

N 

Q) 
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.0 
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N . 
00 
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Totals = 

Use CN = 

Area 

l 19 

Product 
of 

CN x area 
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Circle one: Present Developed 

Circle one: Tc T through subarea 
t • 

NOTES: Space for as many as two segments per flow type can be used for each 
worksheet. 

Include a map, scheraatic, or description of flow segments. 

ARF.;.A' - - --- - -.~------- --------------· 

Sheet flow (Applicable to Tc only) 

l. Surface description (table 3-1) 

Segment ID 

2. Manning's roughness coeff . , n (table 3-1) •• 

~~e. gf 
le \t 3 

A:-B 
S:O..l• 
~CG.'\\")"° 

o. 15 

. 

) 3. Flo" length, t. (total L ..$. 300 ft) ....... , •• ft I.OD 
-

35 

) 

4, !'lo-yr 24-hr rainfall, P2 •• • • , •••••• , • ••• , • in 

5. Land slope, s •••••..•••••..••• , , ..• • •• , • • • • ft/ft 

T • 0.007 (nt.)
0•8 

6. ..;;...;...~~:..;..;..;c.:...,--
t p 0.5 0.4 

2 s 

Coapute tt ••••• • hr 

Shallo" concentrated flo"' . Segment ID 

7, Surface des cription (paved or unpaved) •.••• 

8. Flo" length, t. •••• , •• . • , , • . • . .. • • .. . • . • . • • • ft 

9. IJatercours e slope, s .. ,' ................... , ft/ft 

10. Average velocity, V ~figure 3-1) • ••. • •••••• ft/s 

Cor.ipute tt hr 

Channel flow Segment ID 

lS . Channel slope, s !t/f t 

16. Manning's roughness coeff., n .... . ........ . 

17. V , • • • • .. ft/ s 

18. Flow length, t. 

L 
19 • T t • 3600 V Compute Tt. 

20. \Jatershed or sub•rea Tc or Tt 
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(add Tt in steps 6, -11, and 19) ••'•••• hr 
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1. Runoff curve n~mber (CN) 

Soil name Cover description 
and 

hydro logic (cover type) treatment, and 
group hydrologic conditio~; 

percen.t · impervious; 
unconnected/connected i mpervious 

(appendix A) area ·ratio) 

G, ro-'((. l ha.Vv\ coal 

~ e, ~ted_ « ~ -$0\ \ CP.,.er 
l~p.pd U>f'I J..:~) 

.. 

l! Use only one CN source per line. 

CN (weigh. ted) ·~ total product 
total area 

14q.1 
=-- = 

1..:e. 

... - · ---~-·· .. - -----·--- ------- -·-------- ----------------------·------·--··-· ------------_ .. _ 

l.O 

CN l/ 
N 
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N I 
N 
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NOTES: Space for as many as two segments per flow type can be used for each 
worksheet:. 

Include a map, scheraatic, or description of flow segments. 
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. Sheet flow (Applicable t o Tc only) 

l. Surface description (table 3-1) 

Segment ID 

2. Ma nni ng's r oughness coeff . , n (table 3-1) , . 

4-0 
(:,rq.~ 

0 , D\\ 

.. 

I 

1 .... \ ) 3. Flow iength, L {tot.al t _i 300 ft) • • • • .. • • • • . ft 
.. ..J 

lro 
:;,.r; 

fJ 
fJ 
f] 
u 

l l 1 
~ 

LJ 
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) 

4, Two-yr 24-hr rainfal l, P2 ••• • , • •• ••• • , • • • • • in 

5 . Land slo?e, s .... . ........ .. .. .. .. . ... .. ... f t/ft 

T 
_ 0.007 (nL)O.S 

6. t po.; 0 •4 Cocput e Tt hr 
2 s 

Shallow concentrated flow . Segment ID 

7. Surface description (paved or unpaved) ••••• 

8 . Flow length, L • • .. .. • .. • • .. • • • .. .. • • • • • • • • • ft 

9. Watercourse slope, s .. : • .......... . ........ ft/ft 

10. Average velocity, V (figure 3-1) .• ••••••••• ft/s 

Cocpuce Tt ••..•• hr 

Channel flow Segment ID 

15. Channel slope, s . ... .... .... ......... .. ... ; ft/ft 

16. Manning's roughness coeff , , n •• ••• •• • •••• • • 

17. ~(MV';\.1).4,_ V ..... .. "ft/s 

18. Flov length, L 

I. 
19 • Tt • 3.600 V 

.......... , .. ...... ..... .... . 
Compute Tt 

20. ~atershed or subarea Tc or Tt 

ft 

hr 

(add Tt in s teps 6, · "11, and 19) ........ hr 
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l. Runoff curve n~mber (CN) · 'Kefere"'cc:. Us DA sc~ T~-~s-

Soil name Cover description 
and 

hydro logic (cover type, treatment, and 
group hydrologic condition; 

perce~t impervious; 
unconnected/connected impervious 

(appen9ix A) area ·ratio) 

Gr~l ~(N\I'. \ roe.cl 

~~~ f\\\~I foil . U>vt:r 

l~P.Pcl U>ncl-i'~) 
-

.. 

l! Use only one CN source per line. 

CN (weig?ted) = total product 
total area 

= ~~~s = _l_e __ .,_ 

CN .1/ 
Area 

N 

){acres / t M -'1 
N I I 

N N Omi2 a} 

.-I . 0 % ..0 c.o bO 
t'J •n ·~ 

E-< t:.. f:,. 

B~ I. I 

14 o.1r1.1 
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. Sheet flov (Applicable to Tc only) 

1, Surface description (table 3-1) 

2. Manning's roughness coefi., n (tabl e 3-1) •• 

) 3. Flov length, L (total L ..$_ 300 ft) .••••••••• . ft 

4. Two-yr 24-hr rainfall , P2 ... .. • • • .......... i n 

5. Land slope, s ............................ . . ft/ft 

T 
_ 0.007 (nL)O . S 6. 

5 
Coe.puce Tt • • .. • • hr 

t p o. 0.4 
2 s 

Shallow concentrated flow . Segtllent ID 

7. Surface description (paved or unpaved) •.••• 

8. Flow length, L • • .. • • • • .. • .. . .. • .. • • • • .. • • • • ft 

9. llatercourse slope , s ........ . ............... ft/ft 

10. Average velocity, V (figure 3-l) .... .. .... . fc/s 

CoClpute Tt •••••• hr 

Channel f lo" Segment ID 

lS. Channel slope, s .......................... ; ft/ft 

16. Hanning's roughness coeff., n ···~··•••••••• 

17. 

18. Flow length, L 
L 

19. Tt • 36o0'V 

.............................. 
Compute Tt 

20. llatershed or subarea Tc or Tt 

ft/s 

ft 

hr 

(add Tt in steps 6, ·11, and 19 ) •• •.• • • • hr 
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percent impervious; N 
Cl) 

unconnected/connected impervious ,....; . 
.0 ClO 

(appendix A) · area ·ratio) . IO <M 
E-< ~ 

<oro.y-t l h<lu. l fOCld-:r' &1 

*-3~,'t~J. t\ 't'a..-l Soll ~V{f 
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}j Use only one CN source per line. Totals "' 

CN (weighted) total product 6Sl/?:. 
= total area .= ~ = Use CN ... 
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Sheet flo~ (Applicable to Tc only) 

l. Surface descrip~ion (table 3-l) 

Segment lD 

2. Manning's roughness coeff., n (taQle 3-l) •• 

)3. Flow length, L (total L~JOO fc) ...... .. .. ft 

4. Two~yr 24-hr rainfall, P2 •••••••••• • •• •• ••• in 

5. La.nd slo;>e , s .................... . ......... ft/ft 

T 
· • 0.007 (nL)0. 8 

6, t P O.S 0 , 4 Coapute Tt ••• ••• hr 
2 s 

Shallo~ concentrated flou . Segraent ID 

7. Surface description (paved or unpaved) ••••• 

8. flou length, L .... , . .. , .......... , .... , .. • • ft 

9. \latercourse slope, s .. : ...... ............. . ft/ft 

10. Average velocity, V (figure 3-1) ••••••••••• fc/s 

L 
11. Tc • J600""V Coapute Tc •••••• hr 

Channel flou Segment ID . 

15. Channel slope, s ........................... ft/ft 

17. ' f t/s 

16. Manning's roughness coeff., n •••••••••••· •• 

. : t(.\\.,....., c..te ... : \ v ....... 
I . 

18. Flow length, L ............................ . ft 
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1. Runoff curve number (CN) £efere-Me ~ UsDA 1CS'" T~-~S" 

· \iJorkW G\~-41.c>- 33- Mf-L 1.. 

Soil name Cover description 
and 

hydro logic ('cover type, treatment, and 
group hydrologic condition ; 

percent impervious; 
unconnected/connected impervious 

(appendix A) area 'ratio) 

C.oo.I CD~~ bj-f r-ock,vt 
l 'r\.D ~.t.t'o-~n ') 

T-c.~-PI""~ ~eJv_~ Ol"I c GB 
(p1>.e>(' CDf\d,'-ffon J 

11 Use only one CN source per line. 

CN (weighted) 
total product 

t otal area =-- = 

CN J./ 
Area Product 

of 
N CN x a.tea 
I C"l ...;r 

M'acres ' N I I 
N N Omi2 ' 
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,...; . . 0% ..0 00 00 
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f-< ~ r.:. 
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Circle 

Circle 

L\~E. . O.\=" . 

one: Present Developed 

one: ~ T through subarea \...:..V t • o- 3'3-M.~1 
NOTES: Space for as many as two segments 

worksheet. 
per flow type can be used for each 

Include a i;:iap, schenatic, or descrip tion of flow segments. 

chte-k. m"r· lo~e(-1- ti. ~ ~ 

AR~A 

, Sheet flow (Applicable to Tc only) 

l, Surface description (table 3-1) 

Segment ID 

2. Manning's roughness coefr., n (table 3-1) • • 

3. flow length, L (total L ~ 300 ft ) • • • • • • • • • • ft 

4. Two-yr 24-hr r ainfall, P 2 .. • .. • • • • • • • • • • • .. in 

5. Land slope, s .............................. ft/ft 

T 
• 0.007 (nL)O.S 

6. Cocpute Tt •••••• hr 
t p 0.5 0.4 

2 s 

Shallow concentrated flow . Segment ID 

7, Surface description (paved or unpaved) ••••• 

8. Flow length, L .. , • • • • • • • • • • . . • • • • • .. • . • • • • • f t 

9. llatercourse slope, s •• ; . .... ....... .. ...... ft/ft 

10. Average velocity, V (figure 3-1) ••••• •••••• ft/s 

Compute Tt •.•.•• hr 

Channel flow Segment ID 

15. Channel slope, s ••••• , • , .................. ; ft/ft 

16, Manning's roughness coeff., n ......... .. . .. 

17. Eb1-/y...g.~ v ... .. .. ft/ s 

18. Flo1o1 l ength, L .. .. .. .. • .. • • • • • .. .. • • • .. . • • • ft 

L 
19. Tt • J600V Compute Tt hr 

20. llatershed or subqtea Tc or Tt 

(add Tc in steps 6, ·11, and 19) ........ hr 

Ce\\ i. 
U.V\tl..t~~J 
Cd\s ~-4 

A-~ A-B 
c~f3 c<..'3. ll'll et t:.wr .... cJ 11.t101' 
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{DD fop 
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SUBJECT 
\Jti~ Inf~ fo~ Llt!ktfu (J c/ D5U. re... 

~ DATE PAOJ. NO. 0,(,, - 4i.o - 33 ) BY ~ l12l ~1 
CHKD. BY PfJP DATE 235._F/?'7? SHEET NO. 31 OF 

(D Engineers • Geologists • Planners . 
Environmental Specialists 

A tJ D Rv t.JcFF-

Circle one: Present Develqped 

1. Runoff curve number (CN) 
( Ce ti 5 "c.:h'w .. J 

'Kefe rt'l'\cc Us DA <;c~ 1'2-~~ 
Wor~\v..vt qlc- 410 - 33 - M~L '2.... 

: 

Soil name Cover description 
and 

hydro logic· (cover type, treatment, and 
group , hydrologic condition; 

percent impervious; 
unconnected/connected impervious 

(appendix A) area ·ratio) 

eo~1 (t)~bv.~ bj-f<oJIA~ 

(r-.o ~~t£>..ffuY\) 
~ -'lfi k .l- -ff" a..l 5'o {I C-P 'fe.J 

l ~.OPd l'..l>Y\~<.\:tol') 
T-e"f'lf.t>(~ 4do.~'l\ D-f' cce 

( e-~r U>'f\ l--tf-0") 
\}<( 3 tZ.+a-, ~~ ff"',.\ ~ii U>W 

( ~P4j_ ~J,'tfv") 
-
~At~ro~l T~or~ r&'.P I 

.. 

Jj Use only one CN source per line. 

CN (weighted) = total product 
to.tal area 

°'~'3\.1 . 
=--= 

\ \ G" .. 
6o.3 

CNJ_/ 
Area Product 

of 
N CN x area 
I M · ...;r 

N I I gacres 
N N mi2. Q) 

r-1 . . 0 % ,.0 00 b!l 
Ill ..... ·.-! 

E-< r.:.. ~ 

85 
15.~+ f.l 

2o "\'1.00 

14 4.?- ~l0,6 

'Z.~.<~+ ~ 
59.C\lo. \ 19 15.q 

74 /0.?- 154.8 

\C>.o 4.1 {lo, 

·Totals g 
t\S 'l23L1 

Use CN = I SI 
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SUBJECT 

k MR.L DATE ql1zlq1 PROJ.NO. ~~ -4/c- 33 S, INC. 

CHKD. BY Tfi_P DATE 2~SE"P 9:;.. SHEET NO. 3<3 OF 10 Engineers • Geologists • Planners _ 
Environmental Specialists -: 

: •• _ ,, _ _.. •• _ .. _ : , ..... - I • - • • • • • ' ' -r-- ·--~· . . 
L\ME _ .. O.~ 

Circle one: Present Developed 

Circle one: T through subaraa 
t 

NOTES: Space for as many as two segments per flow type can be used for each 
Yorksheet. 

Include a Clap, scheQatic, or description of flo~ segmants. 

CW -fur -ID~~~+ te-

AR~A 

Sheet flou (Applicable to Tc only) 

l. Surface descript~_on (table 3-1) 

2. Manning's roughness coeff., n {table 3-1) ,, · 

) 3, :lou length, L (total Ls_ 300 ft) •••••••••• _ 

4, !vo-yr 24-hr rainfall, P 2 •• ••••• • • • • ••••• •• 

--· 

ft 

in 

5. Land slope, s .............................. ft/ ft 

- 0.007 (nL)O.S 6. , • Coopute tt ...... 
t p o. 5 o." 

2 s 

hr 

Shallou concentrated f lov - Segment ID 

7. s~rface description (paved or unpaved) ••• •• 

8. flow length, L . ...... .. _ ............... ,.. .. ft 

9. llatercout"se slope, s ....................... ft/ft 

10. Average velocity, V (figure 3-l) ......... .. ft/s 

L 
11. rt • 3600V Coropute Tt ...... hr 

Channel flou Segment ID 

15. Channel slope, s .......................... ; ft/ft 

16. Manning's roughness coeff., n ...... ...... .. 

17. v ....... ft/s 

18. Flou length, L ··· ·· ····· ······ ········ ·· ··· ft 

19. T 
L Coaipute rt t - 3600 v hr 

20. ll;1tershcd or sub•rea Tc or T 

) 
t 

(add T in steps 6, -11, and 19) hr c ........ 

~ ----... 
Ced! s Cell~ L.-4 

A-B A-B 
c.c.~ ra_;r 

G.l(;.'f') 

0.03 0.15 

!Do \DD 

'.3,5 ~.~ 
C,D( o.o 
o.olo !+I 0.\~1 + 

B- c.. B- L 

\Ar-JlfA'((J \.A . .,..P6't~~ 
!SD Seo 

o,P\ o.P\ 
1. (., I.lo 

o.l3l+I O,o'il+l 

c-D -E c-D 0-6.. 
0,3:, 0 .CL::> 4- O.P\ O , .oc4 

o.olS 0.04 0.04- . 0 .04-
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******************80-80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY****************** 

JOB TR-20 SUMMARY 
TITLE 111 VIRGINIA PO\JER; CHESTERFIELD CLOSURE 96-410-33 

NOP LOTS 
CLOSURE . !NP 

PEAK DISCHARGE CAl_(:l_JLAT!ONS 

01 

02 

B 

8 
B 
8 
8 
8 
B 

8 
8 
B 

8 
8 
8 

8 

6 RUNOFF 1 001 
6 RUNOFF 1 001 
6 RUNOFF. 1 002 
6 RUNOFF 1 002 
6 RUNOFF 1 003 

26.0 
27.0 
27.2 
27.4 
27.6 
27.8 

30.0 
32.0 
34.0 
36.0 
38.0 
40.0 

26.0 
27.0 
27.2 
27 .4 
27.6 

30.0 . 
32 , 0 
34.0 
36.0 
38.0 
40.D 

0. 0042 
0.0042 
0.0238 
0.0314 
0.1033 

o.o 
0.01 
1. 1 

3.1 

9.0 
10.0 
12.5 
15.0 
17.5 
19.5 
20 .0 
31.0 

73.0 
76 .0 

o.o 
0 . 01 

1.1 
3.1 

9.0 
10.0 
12.5 
15.0 
17.5 
19.5 
20.0 
31 .0 

70.0 
73.0 
76.0 

85.0 0.140 1 
74.0 0.230 1· 
85.0 0.210 1 
83 .0 0 .190 1 
80.0 0.420 1 

BNCHCCB 
BNCHGRSS 
SD CELL1 
SD CELLS 
PC CELLS 

) ********~*************80-80 LIST OF INPUT DATA (CON_TINUED)********************** 

6 RUNOFF 1 003 
6 RUNOFF 1 004 

0.1094 
0.0202 

74.0 
79. 0 

0.520 1 
0.320 1 

PC CLSED 
SR S\.JALE 
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C/,;!ol; /(!j p '2.3SG"l7"J .J-
6 RUNOFF 1 005 0.0028 83 . ci 0.020 , HR CHAN 

6 RUNOFF 1 005 0.0055 79.0 0. 120 , WEST CUL 

6 RUNOFF 1 006 0.1797 75.0 0.520 1 FC CHAN 

" ""t!l1'ler r 1 eet!l e. ww 8'".PP@ Q iiO 1 R~lli\~,:1 

l'i JtE! !fetrf 6'1-t-'1Z!----i!2!ii"7•'PI. 9~----------+-.:i----12'1~1--­

®·'1-r-Q -e Rl!Jl~~../iJG0---i----1@.,.1~---l!I' g,..46Q..J RNDCEJ JS 

ENDATA 
7 LIST 
7 INCREM 6 
7 COMPUT 7 001 

ENDCMP 1 

ENDJOB 2 

02 _;J 2 

02 

no 

0. 0500 
0.0 6.2 

pOND1 

1.0 2 2 01 01 25·YR 

O*******************************END OF 80-80 LI ST******************************** 

TR20 XEQ 09-14-97 16:45 
REV PC 09/83(.2) 

VIRGINIA POWER; CHESTERFIELD CLOSURE 96-410-33 
PEAK DISCHARGE CALCULATIONS 

EXECUTIVE CONTROL OPERATION LIST 

CLOSURE. !NP JOB 1 PASS 
PAGE 

RECORD ID 

I 

I 
I 
I 

I 

I 
I 
I 



r·: cliJ<'q': R ,l/P 

LJ 9.00 ELEV 

n 9.50 ELEV 
l ! ··-~· -loo ELEV 

r. 

LJ 10.50 ELEV 

.. ,..,.. . ELEV 11.vv 

[1 
, . J 11 .50 ELEV 

,. ... 1 12.00 ELEV 

! \ _ _J 

12.50 ELEV 

r J 13.00 ELEV 

13.50 ELEV 

[J 14.00 ELEV 

r'\ 14. 50 ELEV 

} 
---.l 

f
-:i 

,J TR20 XEQ 09·14-97 16:45 
REV PC 09/83(.2) 

[] 

.7~ 

27.09 

27 .14 

27.20 

27.27 

27. 35 

27.57 

28.47 

30.65 

30.90 

30.79 

30.56 

30.29 

SF/' -J?· 

27.10 27.10 27.11 27.11 27.12 

27.14 27.15 27.16 27.16 27.17 

27.20 27 .21 27. 22 27. 22 27.23 

27.28 27.29 27.30 27.31 27.32 

27.40 27.42 27.43 U.4'j 27.47 

27.60 27.63 27.66 27.71 27.77 

28.73 29.03 29.35 29.65 29.92 

30.72 30.77 30.81 30.84 30 .86 . 

30.90 30.89 30 .88 30.88 30.86 

30.77 30.75 30.73 30.71 30.68 

30.54 30 .51 30.49 30.46 30.43 

30.26 30 .23 30. 20 30.17 30.14 

VIRGINIA POWER; CHESTERFIELD CLOSURE 96·410·33 
PEAK DISCHARGE CALCULATIONS 

!-·i EXECUTIVE CONTROL OPERATION ENDCMP 
. I 
~--·~ COMPUTATIONS COMPLETED FOR PASS 

r --1EXECUTIVE CONTROL OPERATION ENDJOB 
I ·1 . 
L..J 

r-1 
U TR20 XEQ 09-14 · 97 16:45 

REV PC 09/83 (. 2) 
VIRGINIA POWER; CHESTERFIELD CLOSURE 96·410-33 
PEAK DI SCHARGE CALCULATIONS 

27.12 27.12 27.13 

27 .17 27.18 27.18 

27. 24 27.25 27. 25 

27. 33 27.34 27.36 

27.49 27.51 27.53 

27.85 27.95 28.08 

30.14 30.32 30.46 

30. 88 30.89 30 .90 

30.85 30.84 30.82 

30.66 30.64 30.61 

30.40 30.38 30 .35 

30.11 30.08 30.04 

CLOSURE.INP 

CLOSURE . lNP 

~SUMMARY TABLE · SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED 
(A STAR(*) AFTER THE PEAK DISCHARGE TIME ANO RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH 
A QUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.) 

27.13 
42/70 

27.19 

27.26 

27.37 

27.55 

28 .26 

30.57 

30.90 

30.80 

30.59 

30.32 

30.01 

JOB 1 PASS 2 
PAGE 12 

RECORD ID 

RECORD ID 

JOB 1 SUMMARY 
PAGE 13 

l· 1SECTION/ 
"'J STRUCTURE 

STANDARD RAIN ANT EC MAIN PRECIPITATION PEAK DISCHARGE 
CONTROL DRAINAGE TABLE MOIST TIME --- - -------~·------------ RUNOFF -------------------------------- ------

r OPERATION AREA # COND INCREM BEGIN AMOUNT DURATION AMOUNT ELEVATION TIME RATE RATE 
(SQ Mi) (HR} CHR} CIN) (HR) (IN) ( FT) (HR) (CFS) (CSM) 

u 
ALTERNATE STORM 

I 
. ·-·--·-·---·· ·-·-·-···· .. ····-···-··-· ·· ···--··· '··--·- ... .. - · ~ 



r-: 
ch£i?f, J<;fP ;J35,G,t)9::f- 43/10 

+ 

{-{SECTION RUNOFF .00 2 2 . 05 .0 6.20 24. 00 3.63 g,u.J. (ae) 11.99 ~ 371 6.0 
RUNOFF .00 2 2 .05 .o 6.20 24.00 2.58 B<Mh C"''tto.tel)12.05 2593.4 fSECTION 9 

'····-<SECTION 2 RUNOFF .02 2 2 .05 .0 6.20 24.00 3.62 Slope 0r~~ 12.03 ~( 81.56 ) 3427.1 
x jON 2 RUNOFF .03 2 2 .05 .0 6.20 24.00 3. 42 Slot e. ~fl!oifl 12.02 105.53 3360.8 

G (St .. tlON 3 RUNOFF .10 2 2 .05 .0 6 .20 24.00 3.10 ffriiulfr cha.~u\ 12.15 238.80 2311. 7 
\ "** ' XSECTION 3 RUNOFF .11 2 2 .05 .o 6.20 24. 00 2.54 Pa!:~~x &e.;-.: .. t! i::> .21 1734., 

rrECTION 
4 RUNOFF .02 2 2 .05 .0 6.20 24.00 3. 02 )ucfoc.c )ll'IC4k. 12.09 2573.6 

SECTION 5 RUNOFF .00 2 2 .05 .o 6. 20 24.00 3 . 4 0 "°'"'' roa.l ,1-11•~- 11. 98 4196.0 
'- SECTION 5 RUNOFF .01 2 2 .05 .0 6. 20 24.00 3 . 05 l!ue~~ L.<.\ vtrt 11.99 3381.9 

XSECTION 6 RUNOFF .18 2 2 .05 .0 6.20 24.00 2.63 ~~,.\ (\~ir cho.1\.12 .21 1786.6 

I.1;es:i:l9U e Rl:IN9FF .~a Z! 2 .es .e 6.28 Z!ti .ee 3.5r ~il.iH 49;t. !iit i:!i:!e8.~ 

nRY(;+YRii AES¥QR .rn 2 i:! .Q§ . 9 6.28 24.09 ~.6;z 31.36 B . ~ 5 63.98 ti!il . 9 

[]:::::::.E : :~:::: : :: : : ::: ·: I :::: :~::: :::: lO:;o ~:·;:* 4::::~* 2:~;·: 
1 

rH"' 

]· \ 
•... ..! 

TR20 XEQ 09·14-97 16:45 VIRGI NI A PO\./ER; CHESTERFIELD CLOSURE 96-410-33 CLOSURE.INP JOB 1 SUMMARY 

[J REV PC 09/83{.2) PEAK DISCHARGE CALCULATIONS PAGE 14 

1
1 
.. UMMARY TABLE 3 - DISCHARGE {CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES 

, _ ... ! . 

XSECTlotU 

[~P"~TURE 
_) ) 

[fTRUCTURE 2 

ALTERNATE 

['fTRUCTURE 

~.·! ALTERNATE 

0 XSECT!ON 

Ll ALTERNATE 
0 XSECTION 2 

r~l ALTERNATE 
SECTI ON 3 

+ r l AL TERNA TE 1 
·-.{SECT! ON 4 

+ 

ri AL TERNA TE 
tJSECTION 5 
+ r\ ALTERNATE 
_JSECT!ON 6 

LJ 
,ERNATE 

DRAINAGE 
AREA 

(SQ Ml) 

.18 

-18 

.00 

.03 

. 11 

.02 

.01 

. 18 

STORM NUMBERS •......• •• 
1 

62 .41 

63.08 

10 .89 

105.53 

189.71 

51.99 

18.60 

425.50 

¥- Us~ tk Y'f\(J,."iim""w-. di'SLhCl-13..e. 
of IC> S. ~ C~{. 1o ..l.t<'lj n flu. 

s\ore. d ro.i'rl. 

¥.~ V..-rt- ~eri~ c.hC. \'\l\.f..l 
J,~~<M'.l~ ~ -0'2.e.. eo.<+ 
C..V- \ '(e.Ct 

MAIN - UNEXPECTED RECORD FOUND(!GNOREO} >>> <<< 

~O OF 1 JOSS IN THIS RUN 
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Vtrofn1~ P~wu- Chefkt{'e(J SUBJECT __ __,_] _________ _ _ _______ _ 

BY fV\ fGL-- DATE __ 't'-'(_l_S.J-1 ~-·--
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[ji] 

lllNTS,INC. I ' 

sv M~ DATE '1 /1s(-q1 PRoJ.No. Gl.o - 4-ID..,.. 33 
CHKD. BY f.?/f_'P DATE :J'? 5,!=/? 9'7 SHEETNO. 45 OF "10 . Engineers• Geologists• Planners 
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PROJECT: STATION : CULVERT DES IG N FORM 

SHEET OF 
DESIGNER /DATE : I 

REVIEWER I DATE : I 

HYDROLOGICAL DATA 
ELhd : ___ (lt)7 - ROADWAY ELEVATION : . (fl) 

~ 0 METHOD : 

~ D DRAI NAGE AREA: 0 STREAM SLOPE: -., HW~- ' /EL.1:---. -~So'.--. ~1 13-~ 0 CHANNEL SHAPE'. 

"' !:: 0 ROUTING '. 0 OTHER: ·--.L_ oCORIGI NA . J L - - L STREAM BEO TW l'l.. 0 
FALL 

OE SIGN FLOWS/TAILWATER ELI (ft) -

R. I. (YE ARS) FLOW!eh) TW (11) S= S
0

- FALL I L
0 

' EL • f7.(,. 4 (fl) 
s ,. '2.. p '1" o· 

L • 0 
2 10 1 

CULVERT DESCRIPTION: TOTAL FLOW HEADWATER CALCULATIONS Q; z 
>-

FLOW PER ...JI!! 2 ... ~ 0"' ... 
MATERI AL - SHAPE · SIZE · ENTRANCE ~AllR£l. INLET CONTROL OUTLET CONTROL a: 3' <I WO .COMMENTS 1--"' > ...J .o 

Q Q/N HW1/0 HW1 ·FALL EL hi TW de de• D ho ke H EL ho z"' ... ... ...J 
0 w ...J :> w 

le I• l Ill 121 !3) (41 (51 -2- (6) !7l IS\ " x "' O> 

2.4"4 f?.cf fo\.\t\~J ~e. ~e~J~( lo lo .re,~ L!if - 13.i;, - I. I I .. lo Lio o.i 0 , :If 9.~ \3.1.. 
\l 

, 
20 2P 1/3 2.&, - 14.~ - J ,&, r.s Le O~'l. f) _?,, \I.I..:. 14.1.. 

tt 4o 4o -'3 .• 0 CtJ .o - 10.o - 2~o '2..o 2.C> o:i. 8.S 1e.1 10. I 

" &;o loo b.O 12.o - V-1.o - 2.P i.o '2.C> o.'1 !<ts Q°'.\ 'Z.°i. \ 

ll l'S 15 - 'l..P Z..o C-o o:z. °1S.s:>.l? 3~)~ 3<?."' 
- · TECHNICAL FOOTNOTES : (4) El.hi• HWtt ELi(INVERT OF !6) h 0 • TW '" (detDl"Zi(wHICHEVER ls GREATER ) 

(l) USE Q/NB fOR BOX CULVERTS INLET CONTROL SECTION) 
17) H•~+ kc+ !29n2 Ll/Rl.33 Jv'l.129 

(2) HWj ID • HW ID OR HW1/D FROM DESIGN CHARTS (5) TYi BASED ON DOWN STREAM (6) ELho' EL0 • H + h0 
CONTROL OR FLOW DEPTH IN · 

l3l FALL • HWj -(ELhd - EL5tl ; FALL IS ZERO CHANNEL. 
FOR OJLVERTS ON GRADE 

SUBSCRIPT DEFINITIONS : COMMENTS I DISCUSSION: CULVERT BARREL SELECTED : 
o. APPROXIMATE . 
I. CULVERT FACE SIZE: 
hd. DESIGN HEADWATER 
M. HEADWATER IN INLET CONTROL S HAPE : 
ho. HEADWATER IN OUTLET CONTROL 
I. INLET CONTROL SECTION 
o. OUTLET 

MATE RIAL : rt 
ti. STREAMBEO AT CULVERT FACE ENTRANCE '. lw TAIL WATER 
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SUBJECT 

) SY 

CHKD.SY 

D 
0 

1
··1 
.. ..! 

{-1 
-.~J 

u ) 

l l 
>t.~J 

r·1 . I 
u 

0 
1.· · 1 

ti .J 

n ...__, 

r1 u 
r-1 u 

lJ 
11 __J 

Vfr 3 if\1&\ foVJV - 0kt~.ftelJ l{o:llJJe-

vV\(U.-

Jllf 'P 
DATE q l13l q-, 

DATE 7.. '5 S.6 ,t? ? .7: 
PROJ. NO. q&,-4/ o-'33 

SHEET NO. 4f> OF ID 

TABLE 12 - ENTRANCE LOSS COEFFICIENTS 
OU'\ilet Control, Full or Partly Full 

~- = k. [ ~;] 
Type of Structure and Design of Entrance 

Pipe, Concrete 
Mitered to conform to fill slope . 

*End-Section conforming to fill slope 
Projecting from fill, sq. cut end 
Headwall or headwall and wingwalls 

Square-edge . . . . 
----fJ!lia-... Rounded (radius = 1/120) . . 

Socket end of pipe (groove-end) . . . . 
Projecting from fill, socket end (groove-end) 
Beveled edges , 33.7° or 45° bevels 
Side-or slope-tapered inlet . 

Pipe, or Pipe-Arch, Corrugated Metal 
Projecting from fil 1 (no headwall) . . . . . . . 
Mitered to conform to fill slope, paved or unpaved slope 

· Headwall or headwall and wingwalls square-edge 
*End-Section conforming to fill slope 

Beveled edges, 33.7° or 45° bevels 
Side-or slope-tapered inlet . 

Box, Reinforced Concrete 
Wingwalls parallel (extension of sides) 

Square-edged at crown . . . . . . . 
Wingwalls at 10° to 25° or 30° to 75° to barr el 

Square-edged at crown . . . . . . . 
Headwall parallel to embankment (no wingwalls) 

Square-edged on 3 edges . . . . . . 
Rounded on 3 edges to radius of 1/12 barrel 

dimension, or beveled edges on 3 sides 
Wingwalls at 30° to 75° to barrel 

Crown edge rounded to radius of 1/12 barrel 
dimension, or beveled top edge 

Side-or· slope-tapered inlet 

Engineers • Geologists • Planners 
Environmental Specialists 

Coefficient k0 

0.7 
0.5 
0.5 

0.5 
0.24--
0.2 
0.2 
0.2 
0.2 

0. 9 
0.7 
0.5 
0 . 5 
0.2 
0.2 

0.7 

0.5 

0.5 

0 . 2 

0.2 
0.2 

*Note: "End Section conforming to fi 11 slope," made of either metal or 
concrete, are the sections commonly available from manufacturers. From 
limited hydraulic tests they are equivalent in operation to a headwall in 
both inlet and outlet control . Some end sections, incorporating a closed 
taper in their design have a superior hydraulic performance. These 
latter sections ca·n be .designed using the information given for the 
beveled inlet. 

RDS l\/o. s 
} 
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PROJ.NO.---------~ 

lllNTS,INC 
~I SHEET NO. ____ Qf __ l_D __ Engineers • Geologists • Planners 

Envlronmerital Specialists 
I ·--· •· . · - - ·:-

. -··· ~ ····­' . . 

EXAMPLE 
D 11 42 Inch .. 13.5 fHt)­
Q • 120 .,, 

(I) 

(2) 

(3) 

M,I,. II HW 
0 fut 

2.~ 

2.1 

2 . 2 

ENTRANCE 
TYPE 

Sqru1re 1d91 with 

htad•c.11 . 

To uu scol• (2) or (3) p10J1ct 
horlzont~llJ to Helt (I), theft 
us t $f ra19lH t•clincd line thr<iu~h 
0 and Q seolut °' ruttu a.t 

itluitroted. 

CHART 10· 
@ (3) J----.. 6. 

6. 

s. 
a. 

4, 
4. 

3. 
3 . 

1.5 1.5 

1.0 1.0 

1.0 

.9 .9 
.9 

.8 .a 
.8 

.7 .r 
.7 

.6 .6 

. 5 
.5 ,5 . 

HEADWATER S~ALES 2S3 

HEADWATER D_EPT.H FOR 
CONCRETE PIPE CULVERTS 

WITH INLET CONTROL 
BUREAU OF" PU9LIC ROADS JAN. IH3 

REVISED MA'f 1964 
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[] CJ; !<GI ' Q !f,C 2 ~ < .t:/' .if~ (p(p (70 
1 • 

[' J ! ******************80·80 LIST OF INPUT DATA FOR TR-20 HYDROLOGY****************** 

I ' } 

01 JOB TR·20 SUMMARY NOPLOTS 
TITLE 111 VIRGINIA PO~ER; CHESTERFIELD CLOSURE 96·410·33 CLOSURE. rNP 

I 
T!TL!: OC:AV nTrru.t.n,...,.. ;..., ... ,, ... - .. -· . ... 

(l l 
• "-" '' .... ~ V~ll/'\f\UC \..l'\L.\..U Lf\ I 1 UN:» 

3 STRUCT 01 SEO POND 

i : 8 26.0 0.0 0.0 
. . .I' 

8 27.0 0.01 ·5 . 0 I 8 27.2 1.1 6.0 

rJ 8 27.4 3. 1 7.0 
8 27.6 5.8 8.0 
8 27. 8 8.9 9.0 

['1 8 28.0 12.4 10.0 

_J 8 28.S 24.0 12.S I 
8 29.0 35 . 1 15.0 

I lJ 
8 29.S 48.0 17 .5 
8 29.9 61.0 19.5 
8 30.0 61.1 20.0 

I 8 32.0 64.0 31.0 

[l 8 34.0 67.0 42.0 
_j 8 36.0 70.0 53.5 

8 38.0 73.0 65.5 I 

[1 

8 40.0 76.0 79.0 I 9 ENDTBL 
3 STRUCT 02 SEDPOND l 
8 26.0 o.o 0.0 I L ) 8 27.0 0.01 5.0 I 

. 8 27.2 1. 1 6.0 I I 

8 27.4 3. 1 7.0 ! 

Cj 
8 27.6 5.8 8.0 i 
8 27.8 8.9 9.0 I 8 28.0 12.4 10.0 

Lj 
8 28.S 24.0 12.5 
8 29.0 35.1 15.0 

I 8 29.5 48.0 17.5 
8 29.9 61.0 19.5 

q 8 30.0 61.1 20.0 
8 32.0 64.0 31.0 I I 8 34.0 67.0 42.0 

r 'j 8 36.0 70 .0 53.5 

I ~ 8 38.0 73.0 65.5 
8 40.0 76.0 79.0 

r1 
9 ENDTBL 
I!! !teJ~Ol"I' BB1 8.•8842 S!i.Q Q.,..,~ lil-1 BijGil.GGB i 

lrl 
' ltl!l"<ill"I" q gg~ Q ,.QQ4i! . 74.Q Q~i!IQ B~l~MIORSS 

li Rl.lllQH. 1 Q9i! Q,Qi!j!jg g§,Q Q i!Hl ~ &9 ~ebb~ 

~-Rt:111'tJPF 1 OeJ2 cr.e5"1'4 83-:-S 0.190 1 58 EE~LS 

--6-R<;N0fr ~ ee~ ~--Q....1.Q$8 gg...g . o .. 4~o ~ 121; t;W5 

[j 
- 1 

{i _)*********************80·80 LIST OF INPUT DATA (CO~TINUED)********************** 

~ !ttll'IOPI' Be' B. !8'1'1 ;z~.e 8 . 91!0 q P~S!.S!Olil•.> 

~ 
li R(:j11Sf"f 1 984 g,QiQ2 79,Q 0 320 1 SR SYA!f 

-· --··-· - -· ·· ·- . ·-·· · ··--·-·- -· -· ~ .. ·-·-· .. -· . .. -- · ~ - .. 
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I 
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[J: 
r-1 
t.l 

U' 
f J 
u! 
r· 
L 

Li 
r. 
l _ 

[1 
,:· ( 
1.1 
~!l 

il 

~ 

e RYllQFF 1 gg5 
e Rl:H19FF 1 QQ§ 

6 JU:JN81'1"1-606 

6 RUNOFF 1 006 
6 RESVOR 2 01 
6 RUNOFF 1 006 

.6 RESVOR 2 02 1 

ENDATA 
? L!Sf 

7 INCREM 6 
7 COMPUT 7 001 

ENDCMP 1 
ENDJOB 2 

1 

2 

1 
2 

02 

23-seP9r 

Q,QO&!I 

9.9955 
9. 1f97 

0.1797 
27.0 

0. 1797 
27.0 

0.0500 
0.0 

!Ii c 
79.9 
75.8 
85·.0 

81.0 

a 020 1 

9.129 1 
9.-SilQ ~ 

0.530 1 

0.420 1 

WR CWAN 
WE9f Sl!I'~ 

ffir (;Nt!.11 

PNDCELL1 
POND1 
PNDCELL5 
POND1 

1.0 2 2 . 01 . o~ 

O*******************************END OF 80-80 LIST******************************** 

) 

TR20 XEQ 09·14·97 16:45 
REV PC 09/83(.2) 

VIRGINIA PO\.IER; CHESTERFIELD CLOSURE 96-410·33 
PEAK DISCHARGE CALCULATIONS 

CLOSURE. I NP 

EXECUTIVE CONTROL OPERATION LIST 

LISTING OF CURRENT DATA 

STRUCT NO. ELEVATION · DISCHARGE STORAGE 
3 STRUCT 1 

8 26.00 .oo .oo 
8 27.00 .01 s·.oq 
8 27.20 1. rn 6.00 
8 27.40 3.10 7.00 
8 27.60 5.80 8.00 
8 27.80 8.90 9.00 
8 28.00 12.40 10.00 
8 28 .50 24.00 12.50 
8 29.00 35.10 15.00 
8 29 .. 50 48.00 17 .so 
8 29 .90 61 . 00 19. 50 
8 30.00 61. 10 20.00 
8 32.00 64.00 31.00 
8 34.00 67.00 42.00 
8 36.00 70.00 53.50 
8 38.00 73.00 65.50 
8 40.00 76.00 79.00 
9 ENDTBL 

STRUCT NO. ELEVATION DISCHARGE STORAGE 

)~- STRUCT 2 

8 26.00 .00 .00 
8 . 27.00 .01 5.00 
8 27. 20 1. 10 6.00 

----··· · ··-··--·---··--·----·-, -- . . .. . --·-·-·-··-·····" , .... . 

JOB PAS: 
PAGl 

RECORD ID 

··- ······-···- ····-·-···· 



c h!<d.' ~Jl-P 2 3 5'E P' o/ :/-

lJ 9.00 ELEV 27.09 27.10 27.10 27. 11 27 .11 27.12 

r, 9.50 ELEV 27.14 27.14 27.15 27.16 27.16 27.17 

.:J 1
" •• 00 ELEV 27.20 27.20 27.21 27.22 27. 22 · 27. 23 
) 

[J 10.50 ELEV 27.27 27.28 27.29 27.30 27.31 27.32 

11 . 00 . ELEV 2?.38 27.40 ~..,. , ... 
c;.1 .~c. 27 ~43 27.45 27.47 

D 11.50 ELEV 27.57 27.60 27.63 27.66 27. 71 27.77 

[1 
12.00 ELEV 28.47 28.73 29.03 29.35 29.65 29.92 

J 12.50 ELEV 30.65 30.72 30.77 30.81 30.84 30.86 

[} 13.00 ELEV 30.90 30.90 30.89 30.88 . 30.88 30.86 

13.50 ELEV 30.79 30.77 . 30.75 30.73 30.71 30.68 

[] 14.00 ELEV 30.56 30 .54 30 .51 30.49 30.46 30.43 

14.50 ELEV 30 .29 30.26 30.23 30.20 30.17 30.14 
l-1 .J 

[JR20 XEQ 09-14-97 16:45 VI RGIN IA PO\.IER; CHESTERFIELD CLOSURE 96-410-33 
REV PC 09/83(.2) PEAK DISCHARGE CALCULATIONS 

['1 I ) .J 

[JXECUT!VE C.ONTROL OPERATION ENDCMP 
COMPUTATIONS COMPLETED FOR PASS 

D 
rJXECUT.IVE CONTROL OPERATION ENDJOB 

l-·1 
~R20 XEQ 09-14-97 16:45 

REV PC 09/83(.2) 

[J 
VIRGINIA PO~ER; CHESTERFIELD CLOSURE 96-410·33 
PEAK DISCHARGE CALCULATIONS 

27.12 27.12 27.13 

27.17 27.18 27.18 

27.24 27.25 27.25 

27.33 27.34 27.36 

U.49 27.51 27.53 

27.85 27.95 28.08 

30.14 30.32 30.46 

30.88 30.89 30.90 

30.85 30 .84 30.82 

30.66 30.64 30.61 

30.40 30.38 30.35 

30.11 30 .08 30.04 

CLOSURE. HlP 

CLOSURE. I NP 

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS JN THE ORDER PERFORMED 

D (A STAR(*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYOROGRAPH 
A QUESTION MARK(?) INDICATES A HYOROGRAPH ~ITH PEAK AS LAST POINT.) 

27.13 
/p6/7c 

27.19 

27.26 

27.37 

27.55 

28.26 

30.57 

30.90 

30.80 

30.59 

30.32 

30 .01 

JOB 1 PASS 2 
PAGE 12 

RECORD ID 

RECORD ID 

JOB 1 SUMMARY 
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L
'fCTION/ 
~RUCTURE 

STANDARD RAIN ANT EC MAIN PRECIPITATION PEAK DISCHARGE 

J 
CONTROL DRAINAGE TABLE MO·IST TIME 

LI 

OPERATION AREA # COND !NCREM 
(SQ Mi) (HR) ) 

ALTERNATE STORM 

[] 

------------------------~ 

BEGIN AMOUNT DURATION 
(HR) (IN) (HR) 

RUNOFF 
AMOUNT 

(IN) 
ELEVATION TIME 

(FT) (HR) 
RATE 
(CFS) 

RATE 
(CSM) 

I 
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1 

JsECTI ON 6 RUNOFF 
STRUCTURE 1 RESVOR 

[

-fSECTION 6 RUNOFF 
_ .f RUCTUR.E 2 RESVOR 
l 

TR20 XEQ 09·14·97 16:45 
REV PC 09/83(.2) [j 

.18 

.18 
. • 18 
.18 

2 

2 
2 
2 

2 

2 
2 
2 

.OS 

.05 

.0-5 

.OS 

.0 

.0 

.o 

.o 

6.20 24.00 
6.20 24.00 
6.20 24.00 
6.20 24.00 

VIRG~ NIA PO\.IER; CHESTERFIELD CLOSURE 96·410·33 
PEAK DISCHARGE CALCULATIONS 

3.57 
1.67 
3.19 
1.62 

CLOSURE.INP 

12.21 
13.15 

40l.57 
63.08 

425.50 
62.41* 

2268. 1 
351.0 

2367.8 
347.3 

JOB 1 SUMMARY 
PAGE 14 

r·1UMMARY TABLE 3 · DISCHARGE (CFS) AT XSECTIONS ANO STRUCTURES FOR ALL STORMS ANO ALTERNATES 
u 

XSECTION/ 

f"lTRlf~TURE 
__ j ) 

[JTRUCTURE 

ALTERNATE 

2 

r-rTRUCTURE 

.. J ALTERNATE 
0 XSECTION 1 

LJ ~LTERNATE 
0 XSECT!ON 2 

f-1 ALTERNATE 
-ksECTION 3 

+ 

I" ' ALTERNATE 
(!j SECTION 4 
+ JJ ALTERNATE 

SECTION 5 
+ 

f ) AL TERNA TE 1 
tfSECTION 6 
-f 

fJ 
JRNATE 

DRAINAGE 
AREA 

(SQ Ml) 

.18 

.18 

.00 

.03 

. 11 

.02 

. 01 

. 18 

STORM NUMBERS •.•....... 
1 

62 .41 

63.08 

10.89 

105.53 

189.71 

51.99 

18.60 

425 .50 

~ 25-~r. 24-hr. 
0. rt:. k_ 6° -th -. " 3 q I ( S'(.(. 

S'2..). 

MAIN · UNEXPECTED RECORD FOUNO(IGNORED) >>> <<< 

.lJO OF 1 JOBS IN THIS RUN 
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TABLE 5 • . APPROXIMATE VALUES OF FACTOR K FOR 
USDA TEXTURAL ·CLASSEsll 

O~ganic matter content 
Texture class ·co. 5% 2% . 4% 

K K · K 

Se.nd 0.05 0.03 0.02 
Fine sand .16 .14 .10 
Very fine se.nd ~-42 .36 .28 
Loamy sand .12 .10 .08 
Loamy fine sand .24 .20 .16 
Lo!!!ily very fine s2nd .44 .38 .30 
Se.ndy l oam . 27 .24 .19 
Fine sandy l oem , 35 .30 . 24 
Very fine sandy loam . 47 .41 .33 
Loem .38 . 34 .29 
Silt loam .48 .42 ,33 

Silt '6o . 52 .1'2 
; Sandy clay loem ".27 ·: .25 .21 

Cl ay l oe.?:1 .28 .25 . 21 

Silty clay loam , 37 .32 .26 
Sandy clay .14 .13 .12 
Silty cley .25 .23 .19 
Clay 0.13-0~ 

The values sho'Wil are estimated averages of broad 
re.nges of specific-soil values. When a texture is 
near the borderl~ne of two texture classes, use 
the average of the two K values. 
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TABLE 10.-Factor C for permanent pasture, range, and 
· idle land1 

Vegetative canopy Covet that contacts the soil svtfoce 

Type and 
height? 

Percent Percent ground cover 

cover' Type• o 20 40 60 80 95+ 

·No appreciable ~ G 

canopy 

Tall weeds or 

short brush 

with average 

w 

25 G 
w 

drop fall height 50 G 
of 20 in W 

75 G 
w 

p 

.24 .15 .09 I .043 .011 

.36 .l7 .09 .038 .013 .003 

.36 .20 . l 3 .083 .04 l .0 I! 

• 26 .13 .07 .035 .012 .003 

.26 .16 . l 1 .076 .039 .011 

. 17 .10 · .06 .032 .Oil .003 

.17 .12 .09 .068 .038 .Oll 

Su t>ft:> e,., f eA c:-r t l-f. 

1 
The listed C valves o>Svme that the vegetation and mulch are 

randomly disttib~ted over the entire area. 

' Canopy height is measured os the overage foll height af water 

drops falling frorn the canopy to the ground. Canopy effect· is in-. 

versely proportional to drop foll height and is negligible if fall 
height eJ«eeds 33 ft. 

'Portion al total-area surface !hot would be hidden frorn view by 

canopy in a vertical projection (a bird's-eye view}. 

' G: cover ot surface is grass, grasslike plants, decaying com­

pacted duff, or litter of least 2 in deep . 

W: cover at surface is mostly broodleaf herbaceous plants (os 

weeds with little loteral-root network near the surface} or 
undecayed residues or both . 
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SUBJECT CHESTERFIELD POWER STATION CLOSURE PLAN 

VIRGINIA POWER 

BY NCBA DATE 08 Apr 2003 PROJ. NO. 1996-410-37 
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OBJECTIVE: 

Engineers • Geologists • Planners 
Environmental Specialists 

Evaluate the slope stability of the Chesterfield Upper Pond (Figure 1 ). The slope 
stability analyses will be conducted for three cases: 

I. 1998 conditions 
11. Proposed Phase I pond levels at approximately El. 80 ft. 
Ill. Proposed Phase II pond levels at approximately El. 130 ft. 

METHODOLOGY: 

Slope stability will be evaluated for both static and seismic conditions. Stability will be 
evaluated using limit equilibrium methodology using Bishop's method (ordinary and 
Janbu) via SLOPE/W analyses. 

REFERENCES: 

1. Project 02131106.01, Geotechnical Engineering Services, Ash Moisture Criteria 
Evaluation, Chesterfield Power Station, Dominion Generation, Chesterfield County, 
Virginia, dated May 5, 2003. Prepared by Schnabel Engineering Associates, Inc. (Copy 
included in Appendix 82). 

2. Project 02131106.01, Response to VDEQ Comments of January 21, 2003, Ash Shear 
Strength Evaluation, Chesterfield Power Station, Dominion Generation, Chesterfield 
County, Virginia, dated February 13, 2003. Prepared by Schnabel Engineering 
Associates, Inc. (Copy included in Appendix 82). 

3. Project 02131106.01 , Geotechnical Engineering Services, Ash Shear Strength 
Evaluation, Chesterfield Power Station, Dominion Generation, Chesterfield County, 
Virginia, dated December 13, 2002. Prepared by Schnabel Engineering Associates, 
Inc. (Copy included in Appendix 82). 

4. Geotechnical Engineering Study, Long Term Ash Storage Pond Dike, Chesterfield 
County, Virginia, dated April 22, 1996. Prepared by Schnabel Engineering Associates, 
Inc. 

5. Final report, Virginia Power Chesterfield Inactive Pond, dated April 14, 1997. Prepared 
by GAi. 
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6. Geotechnical Engineering and Groundwater Hydrology Services, Ash Disposal Pond, 
Chesterfield Power Station, dated 12/20/82. Prepared by Schnabel Engineering 
Associates, Inc. 

7. Conceptual Closure Plan, Phase I, Upper (East) Ash Pond, Chesterfield Power Station, 
Drawing No. 96-410-F3, Sheet 1 of 2. 

8. Conceptual Closure Plan, Phase II, Upper (East) Ash Pond, Chesterfield Power Station, 
Drawing No. 96-41 O-F4, Sheet 2 of 2. 

9. Sections and Details, Upper (East) Ash Pond, Chesterfield Power Station, Drawing No. 
96-41 O-F4, Sheet 2 of 2. 

10.SEA Project 963321 , Slope Inclinometer Readings, Henricus Park Road, Chesterfield 
County, Virginia, May 21, 1997. 

11 . SEA Project 963321, Slope Inclinometer Readings, Henricus Park Road, Chesterfield 
County, Virginia, July 22, 1997. 

12. U.S. Army Corps of Engineers publication ER 1110-2-1806, "Engineering and Design -
Earthquake Design and Evaluation for Civil Works Projects", dated 31 July 1995. 

ASSUMPTIONS: 

1) Steady state conditions in the pond. 

2) 

3) 

4) 

5) 

6) 

Properties of the ash in the pond are homogeneous. 

Water levels of the ash placement area are located at or below an elevation of 
approximately 27 feet above MSL. 

Ash will be added to the existing placement area using dry disposal methods and 
is assumed not to increase water levels in the placement area. 

Pseudo static analysis, seismic coefficient used= 0.075. 

For sections with a toe berm, the phreatic surface came down to the top of the 
berm: 
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ANALYSIS: 
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Data on the subsurface geology and general subsurface stratigraphy are obtained from 
references 4 and 6. 

Soil strength parameters are based on testing done by Schnabel (references 4 and 6); 
the ash strength parameters are based on strength laboratory testing (references 3 and 
5). The soil parameters used for stability are presented in Table 1. 

TABLE 1 - Soil Parameters Used in Slope Stability Analyses 

Soil description Yr <!>=<!>' c=c' 
(pcf) (degrees) (psf) 

Embankment fill/ dike fill 125 32 0 

Road fill 110 27 0 

Alluvium 100 23 0 

Silty Sand 130 35 0 

Clayey silt 110 30 0 

Loose sand 110 30 0 

Clay 110 27 0 

Silty/clayey sand 140 40 0 

Sandy clay/clayey sand 135 35 0 

Marsh soil 95 9 40 

Ash 92 30 0 

The stability of nine sections was analyzed. The sections were A-A through 1-1. Three 
cases were considered for each section (refer to pp. 1 of these calculations). Refer to 
Figure 1 of these calculations for the approximate location of the sections. 

Section A-A 

Figure 1 shows the location of section A-A. Figure 2 shows a graphical layout of section 
A-A in SLOPE/W. 
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Results 

The results obtained for sections A-A through 1-1 are shown in Tables 2, 3 and 4. The 
SLOPE/W runs for sections A-A and 1-1 are presented in Appendix C1 . 

Section 

A-A<1> 

B-B 

C-C 

D-0 

E-E 

F-F 

TABLE 2 - Summary of Dike Minimum Safety Factors 
Sections A-A through G-G (seismic coefficient= 0.075) 

Case I Case II 

1.61 1.61 

1.21 1.17 

1.50 1.58 

1.45 1.41 

2.01 1.42 

1.64 1.65 

G-G (Ash only) 1.66 1.64 

<
1
> Plots included in Appendix B1 

TABLE 3 - Summary of Dike Minimum Safety Factors 
Sections H-H and 1-1 (seismic coefficient= 0.075) 

Ash at El. 26 Ash at El. 32 

Section Water at El. 32 Water at El. 32 

Road Dike Road Dike 

H-H 0.90 1.41 0.90 1.41 

1-1<1> 0.54 1.50 0.62 1.50 

Case Ill 

1.61 

1.17 

1.60 

1.40 

1.49 

1.54 

1.75 

Ll <
1
> Plots included in Appendix 61 
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TABLE 4 - Summary of Minimum Factors of Safety for Section A-A (Case Jll) 

Plot Modified Minimum Occurrence of Comments No. <1J parameter F.S. failure 

1 None 0.91 At toe of dike 
Phreatic surface to El. 27. 
Localized failure. 

2 
Seismic 

1.20 At toe of dike 
Phreatic surface to El. 27. 

coefficient = O Stable. 

3 c = 850 0.91 At toe of dike Same as plot no. 1. 

Phreatic surface 
At toe of dike and 4 @ El. 38 to toe 1.21 
through alluvium 

of dike 
Phreatic surface 

S.F. > 1.5 for seismic 
coefficient = 0. 

5 
@ El. 38 to toe 

1.69 At toe of dike and 
of dike. Seismic through alluvium 

coefficient = 0 

6 None 1.63 Along bench surface 

7 None 1.84 
Circular failure along S.F. > 1.8 under seismic 

pile conditions. 

8 Y ash= 103 pcf 1.82 Circular failure along S.F. > 1.8 under seismic 
(vs. 92 pcf} pile conditions. 

<
1
> Plots included in Appendix 81 

CONCLUSIONS AND RECOMMENDATIONS: 

• The ash placement area should be ·stable for cases I, II, and Ill at the assumed 
water levels with the parameters defined and used. 

• The dike should be stable for cases I, II and Ill at the assumed water levels. 
Maintenance may be required to fix local instabilities at the toe of the dike. 

• North and South dike instability areas (sections H-H and 1-1 at the eastern end of 
the pond) may experience continued instability at present conditions. If these 
conditions are not mitigated, these instabilities will likely be present for the 
proposed closure phases. It is recommended placement of material be 
terminated at the same elevation as the top of the dike. 
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• The ash should be placed and compacted as follows. Ash should be placed in 
lifts not exceeding one foot. Around the perimeter of the dike, and for a minimum 
distance of 50 feet from the final surface, each lift should be compacted at 
optimum moisture within a tolerance of plus or minus four (4) percent and to a 
density of at least 95 percent of Standard Proctor maximum dry density. A lower 
dry percent of optimum moisture, six (6) percent, may be achieved with a higher 
compaction effort (reference 1 ). Everywhere else, each lift should be compacted 
at optimum moisture within a tolerance of plus six (6) percent or minus eight (8) 
percent optimum and to a density of at least 92 percent of Standard Proctor 
maximum dry density. A lower dry percent of optimum moisture, eight (8) 
percent, may be achieved with a higher compaction effort (reference 1 ). 

• Future consolidated undrained (CU) tests are recommended to determine the 
strength parameters for the short-term, undrained loading conditions. 

• Future test on FGD material and co-mingled FGD and ash materials are 
recommended to confirm the parameters used herein. 
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tl!Chnabel 
t$1 S1:hn1bel Engineering Associates, Inc. 

Mr. Mr. Mike Lott 
Dominion Generation 

F & H Technical Services 
Innsbrook Technical Center 
Glen Allen, Virginia 23060 

December 13, 2002 

One West Cary Street 
Richmond, VA 23220-5809 

Phone (804) 649-7035 
Fax (804) 783-8023 
www.schnabel-eng.com 

Subject: Project 02131106.01, Geotechnical Engineering Services, Ash 
Shear Strength Evaluation, Chesterfield Power Station, Dominion 
Generation, Chesterfield County, Virginia 

Dear Mr. Lott: 

We have completed our evaluation of the shear strength of the ash currently being placed as fill 
at the Upper Ash Pond at the Chesterfield Power Station as requested. Our services have been 

provided according to our existing agreement. 

Introduction 

The ash is being excavated from the Lower Ash Pond, stacked for a short time next to the Lower 
Ash Pond to drain, and then trucked to the Upper Ash Pond for final storage. By the time the ash 
reaches the Upper Ash Pond, it is too wet to achieve the required compaction without further 
drying. Drying the ash at this time of year has been very difficult because of high precipitation 

and cool temperatures. 

The Revised Closure Plan, Upper (East) Ash Pond, Chesterfield Power Station, Chesterfield 
County •. Virginia dated March 1998 (Closure Plan) requires the ash be compacted to at least 95% 
of the maximum Standard Proctor dry density, at optimum moisture content with a tolerance of 
+/- 2%. You have requested that we evaluate whether the compaction requirement can be 
re~uced below 95% without a reduction in the factors of safety for slope stability. 

Alpharetta, GA• Baltimore, MD • Blacksburg, VA• Charlotte, NC •Charlottesville, VA• Columbia, SC • Gaithersburg, MO 
Glen Allen, VA • Greensboro, NC • Hampton, VA• Leesburg, VA • New Brunswick, NJ • Richmond, YA• West Chester, PA 
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We reviewed the slope stability analyses in the Closure Plan to obtain the shear strength and unit 
weight used in the slope stability analyses. The original soil parameters used for the ash in the 

ai.1.alyses included an angle of internal friction (~) of 30° and a moist unit weight of93 pcf. 
According to data in the Closure Plan, these parameters were assumed in the design (i.e. they 
were not based on actual soil laboratory test results). 

We suggested a battery of soil laboratory tests to evaluate the shear strength (angle of.internal 

friction ( ~)) at compaction levels less than currently required by the Closure Plan. This report is 
a summary of the testing we perfonned in our laboratory, and our recommendations with regard 
to compaction of the ash. 

Soil Laboratory Testing 

We tested two samples in our laboratory that appeared to be representative of the ash at the 
Chesterfield facility. We performed Standard Proctor (per ASTM D-698), Atterberg Limits, 
Gradation, and Direct Shear tests. The Direct Shear tests were performed to measure the shear 
strength of the ash at various relative compaction values. 

Sample No. 3 was a mixture of flyash and bottom ash classified as sandy silt (ML) per ASTM D-
2487. This material had a maximum dry density of 87. 7 pcf at an optimum moisture content of 
21.2 %. The corresponding moist density at optimum moisture content was 106.3 pcf. Sample 
No. 4 was predominantly flyash and classified as sandy silt (ML) per ASTM D-2487. This 
sample had much less coarse sand size material (bottom ash), and had a lower maximum dry 

density of 68. l pcf (as expected for the finer-grained material) at an optimum moisture content of 
36.0%. The corresponding moist unit weight of this material at optimum moisture content was 
92.6 pcf. 

We performed consolidated-drained direct shear tests on both samples. Both samples were 
initially compacted to about 92% of the maximum Standard Proctor dry density at a moisture 
content of about 8% above the optimum moisture content. Sample No. 3 exhibited an angle of 
internal friction($) of 32° and Sample No. 4 exhibited an angle of internal friction(~) of39°. 
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resulted in an angle of internal friction (<j>) of 32°. Prior to consolidation, the average moist unit 

weight of this material was 102.9 pcf. 

The angie of internal friction (<j>) for Sampie No. 3 at 88% and 92% relative compaction was 32° 

for both compaction levels. We believe this occurred because the samples showed significant 

consolidation under the normal stress imposed during the test resulting in higher relative · 

compaction prior to shearing, especially at the higher normal stresses used in the tests. 

The direct shear tests indicated the unit weight (and corresponding relative compaction) of the 

samples increased after application of the normal stress. The normal stress is similar to a 

surcharge pressure on the material. For the samples compacted to 92% relative compaction, the 
increase in relative compaction varied from an average of 0.6% at a normal stress of 4 psi (576 

psf) to an average of 3.8% at 20 psi (2,880 psf). These normal stresses are equivalent to a 
surcharge of about 6 ft and 30 ft of ash, respectively. 

Analysis and Recommendations 

The slope stability calculations in the Closure Plan used a design angle of internal friction ( q,) for 

the ash of30° and a moist unit weight of 93 pcf. The Clos:ure Plan also indicates the ash should 
be compacted to at least 95% relative compaction at the optimum moisture content+/- 2%. 

Our soil laboratory tests for samples compacted to 92% of the maximum Standard Proctor dry 

density indicate an angle of internal friction(~) of32 to 39° with a moist soil unit weight of90.4 

to 104.9 pcf. These angle of internal fiiction (~)values exceed the values used in the stability 
analyses in the Closure Plan, which means the ash is actually stronger than anticipated in the 

original analyses. The soil unit weights are slightly above and slightly below the unit weights 
those used in the Closure Plan slope stability analyses, which means the average unit weights are 
about the same as the original unit weights. Accordingly, slope stability analyses using the 

higher angle of internal friction ( q,) values and similar unit weights will result in factors of safety 
higher than those from the original analyses. 

We believe the compaction specification can be changed to 92% of the Standard Proctor 
compaction at optimum moisture content +/-8% while maintaining ash angles of internal friction 

( 4') equal to or greater than those used in the Closure Plan stability analyses. We recommend 
amending the Closure Plan to reflect these recommendations. 

Project 02131106.01/December13, 2002 Page3 Schnabel Engineering Associates 
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Our test results also indicate the wet ash will consolidate under the weight of an ash surcharge. 
During the winter of 2003, we recommend temporarily storing the ash in the Upper Ash Pond 
area in stockpiles at least 15 ft high. The weight of the upper portion of the ash pile (the 
surcharge) will cause an increase in urJt weight (and thus relative compaction) of the lower 
portion of the pile. 

We recommend evaluating the relative compaction of the lower portion of the pile by digging 
test pits and perforining field density (compaction) tests. If the density of the ash meets the 
compaction requirements of the amended Closure Plan (i.e. 92% relative compaction), we 
believe the ash can be left in place to become part of the ash fill. Where compaction does not 
meet the required values, the ash should be excavated, spread out to dry, and then recompacted to 
achieve the required relative compaction. We recommend the Closure Pian also be amended to 
allow compaction by surcharging where confirmed with field density testing or other 
geotechnical methods such as in·situ Dilatometer or Cone Penetron;eter tests. 

We anticipate all of upper parts of the temporary stockpiles (the surcharge) and some or all of the 
lower parts of the stockpiles will require drying and recompaction. We recommend this work be 
done during the drier, warmer months from later spring to early fall of each year. 

We have endeavored to complete the services identified herein in a manner consistent with that 
level of care and skill ordinarily exercised by members of the profession currently practicing in 
the same locality and under similar conditions as this project. No other representation, express or 
implied, is included or intended, and no warranty or guarantee is included or intended in this 
report, or any other instrument of service. 

We appreciate the opportunity to be of continued service for this project. Please call us if you 
have any questions or if we can be of any other service. 
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Attachments: 

Edward G. Drahos, P.E. 
Principal 

James J. Sell, P.E. 
Principal 

1. Summary of Soil Laboratory Tests (1) 
2. Gradation Curves ( 1) 
3. Mo_isture-Density Relation {Standard Proctor per ASTM D-698) (2) 
4. Consolidated Drained Direct Shear (ASTM D-3080) (3) 

c: Mike Pantele {by email) 
Bennie Tomlinson {by email) 
Jack Shahan {by email) 
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L. 
SUMMARY OF SOIL LABORATORY TESTS 

BULK 

FLY ASH (ML), BLACK 

NP 
NP 
NP 

100.0 
100;0 
83.9 
54.6 

87.7 

21 .2 

see GRADATION. 
MOISTURE DENSITY 
RELATIONSHIP, ANO 

DIRECT SHEAR CURVES 

4 

BULK 

FLY ASH (ML), BLACK 

61 .8 . 

NP 
NP 
NP 

100.0 
100.0 
95.8 
51 .5 

68.1 

36.0 

SEE GRADATION, 
MOISTURE OENSllY 
RELATIONSHIP, AND 

DIRECT SHEAR CURVES 
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~ h b / One West Cary Street 
;ra C r7 8 6 Richmond, VA 23220-5809 

.. ~dJ..-::;.._-------------------------------------------------:-------------------Schnabel Engineering Associates, Inc. Phone (804) 649-7035 

Mr. Mike Lott 

Dominion Generation 

F & H Technical Services 

Innsbrook Technical Center 

February 13, 2003 

Fax {804) 783-8023 
www.schnabel·eng.com 

l -~· Glen Allen, Virginia 23060 

{ 
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Subject: Project 02131106.01, Response to VDEQ Comments of January 

21, 2003, Ash Shear Strength Evaluation, Chesterfield Power 

Station, Dominion Generation, Chester.field County, Virginia 

Dear Mr. Lott: 

We have reviewed the comments by Mr. John Godfrey of the Virginia Department of 
Environmental Quality (VDEQ) in his email to Mr. Ray Jenkins (VDEQ) dated January 21, 

2003. The following is our response to Mr. Godfrey's comments as requested. 

With regard to the soil shear strength in relation to the moisture content, Mr. Godfrey is correct 
that an increase in moisture content will typically result in lower shear strength. This 

relationship is readily apparent with highly plastic clay soils, but much less so with non-plastic 

sands. The increase in moisture content of up to about 8% above the optimum moisture content 

did not have a significant deleterious effect on the shear strength of the ash primarily because of 

the composition of the ash. The ash is essentially a non-plastic mixture of hollow glass spheres 

\Vith about 45% to 50% sand size or larger. Accordingly, based on our experience the ash 

behaves more like a sand than a clay and the higher moisture content has a much smaller effect 

on the shear strength. 

We agree "vith Mr. Godfrey that the surcharging and testing should be implemented. We will 
then be able to evaluate the feasibility of increasing the density of the ash fill by surcharging. 

Alpharetta, GA• Baltimore, MO • Blacksburg, VA • Charlotte, NC • Charlottesville, VA• Columbia, SC • Gaithersburg, MD 
Glen Allen, VA • Greensboro, NC • Hampton, VA • Leesburg, VA • New Brunswick, NJ • Richmond, VA • West Chester, PA 
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The project Construction Quality Assurance Plan (1998) requires four field density tests per acre 

per lift of common soil fill, but is silent on the frequency of testing for the ash. We are currently 

performing field density testing of the ash (for moisture content and density) on an as needed 

basis. We have been present on site three or four days a week when the ash is being placed and 

compacted, and about twice a month when the ash is being stockpiled. 

We recommend the same frequency of testing for the ash as for the common soil fill (i.e. four 

tests per acre per lift) or as recommended by the Engineer. We will continue to make these tests 

on a periodic basis as the ash fill is being placed and compacted. We will also perform direct 

shear tests on the ash (to confirm the design angle of internal friction,~) twice a year or as 

recommended by the Engineer. 

We have endeavored to complete the services identified herein in a manner consistent with that 

level of care and skill ordinarily exercised by members of the profession currently practicing in 

the same 'locality and under similar conditions as this project. No other representation, express 

or implied, is included or intended, and no warranty or guarantee is included or intended in 

this report, or any other instrument of service. 

We appreciate the opportunity to be of continued service for this project. Please call ~e if you 

have any questions or if we can be of any other service. 

EGD:vw 

Very truly yours, 

SCHNABEL ENGINEERING ASSOCIATES, INC. 

Edward G. Drahos, P.E. 

Principal 
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Lchnabel 
Schnabel Engineering South, LLC 

Mr. Mr. Mike Lott 

Dominion Generation 

F & H Technical Services 

Innsbrook Technical Center 

Glen Allen, Virginia 23060 

May5, 2003 

Subject: Project 02131106.01, Geotechnical Engineering Services, Ash 

Moisture Criteria Evaluation, Chesterfield Power Station, 

Dominion Generation, Chesterfield County, Virginia 

Dear Mr. Lott: 

One West Cary Street 
Richmond, VA 23220 

Phone(804)649-7035 
Fax (804)783-8023 
www.schnabel-eng.com 

We have completed our evaluation of the moisture criteria of the ash currently being placed as 

fill at the Upper Ash Pond at the Chesterfield Power Station as requested. Our services have 

been provided according to our existing agreement. 

INTRODUCTION 

In our previous report titled, Geotechnical Engineering Services, Ash Shear Strength Evaluation, 

Chesterfield Power Station, dated December 13, 2002, we recommended amending the 

compaction and moisture c~ntent criteria specified in the Closure Plan. We believe the 

compaction specification can be changed to 92% of the Standard Proctor compaction at optimum 

moisture content ±8% while maintaining ash angles ofintemal friction(~) equal to or greater 

than those used in the Closure Plan stability analyses. GAI has agreed to the above referenced 

criteria for placing and compacting ash that is at least 50 feet away from the perimeter drainage 

channels. In the outer 50 feet, GA! recommended that the current moisture content (±2% of 

optimum moisture content) and compaction (95% of the maximum dty density per ASTM D-

698) specifications be followed. 

'"We are committei to sertJing our cfunts fi!J l!.)(Feeding tfieir orpectations." 
Geotechnlcal • Construction Monitoring • Dam Engineering • Geosclence • Environmental 
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In the outer 50 feet adjacent to the perimeter drainage channels, we recommend that the moisture 

content criteria be revised to allow ash to be placed and compacted between 4% above and 6% 

below its optimum moisture content while maintaining the compaction criteria of95% of the 

maximum dry density per ASTM D-698. To demonstrate the feasibility of achieving these 
results in the field, we have performed a Modified Proctor Test (ASTM D-1557) on Sample 5. A 

Standard Proctor Test (ASTM D-698) was previously performed on Sample 5 and reported in 

Report No. 2. 

SOIL LABORATORY TESTING 

The maximum dry densities and optimum moistures for the Standard and Modified Proctor Tests 
for Sample 5 are 71.8 pcf at 32.3% moisture and 78.9 pcf at 25.8% moisture, respectively. With 

Modified Proctor compaction effort, the ash is compacted to about 110% of its Standard Proctor 
maximum dry density at a moisture content that is about 6.5% below the Standard Proctor 

optimum moisture. Likewise, when the ash sample is at 26.3%·moisture content (i.e. 6% below 
the Standard Proctor optimum moisture), a dry density of 78.6 pcf is achieved when Modified 

Proctor compaction effort is applied to the ash sample (i.e. 109% of the Standard Proctor 
maximum dry density). 

It should also be noted that the ash has a dry density of 69 .3 pcf at 36.3 % moisture on the 
Standard Proctor Moisture-Density Relation. This correlates to.compaction to 97% of the 

Standard Proctor maximum dry density at 4% above the Standard Proctor optimum moisture 

content. The test results for the Standard and Modified Proctor Tests for Sample 5 are included 
as Attachment I. 

CONCLUSIONS 

The Standard Proctor and Modified Proctor Tests were both performed on the same ash sample, 
Sample 5. The difference between these two tests is that greater compaction effort is applied to 

the sample during the Modified Proctor Test than in the Standard Proctor Test. As a result, 
higher dry densities are obtained during the Modified Proctor Test than in the Standard Proctor 
Test. 

Based on the Modified and Standard Proctor Tests performed on Sample 5, compaction equal to 
or greater than 95% of the maximum Standard Proctor dry density per ASTM D-698 can be 
achieved on the ash at moisture contents that are up to 6% below the Standard Proctor optimum 
moisture content as long as sufficient compaction effort is applied to the ash. Also, compaction 

equal to or greater than 95% of the maximum Standard Proctor dry density per ASTM D-698 can 

Project 02131106.01 I May 5, 2003 Page2 Schnabel Engineering South, LLC 
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be achieved on the ash at the site at a moisture content of 4% above the Standard Proctor 

optimum moisture content. 

It should be noted that in order to achieve 95% of the maximum dry density per ASTM D-698 at 

6% below optimum moisture content, greater compaction effort might be required by the 

contractor. Greater compaction effort would involve placing and compacting ash in thinner lifts, 

making additional passes over each lift with the compaction equipment, and/or using heavier 

compaction equipment. Alternatively, if the ash is dry, it could be; W,oistfiJ;J.rd' t~i ~chi~y,; -the; i ~ ! : '. \ ! 
· · !ii i ;iii ii:; !ii i. ''!1 . !I ;! ,, - ., .. 
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We h~~~ ~~deavo~~~ ~R ~ompl~~<f!~~~ servic~~ H~~~tified ~~~~Hi in a m*1P~r consist¢pt With tha( : : ; : : 
level of care and skiff ordinarily' exercised by members of ilie 'profession currently practicing in 

the sam~ locality and under similar conditions as this project. No other representation, express or 

implied, is included or intended, and no warranty or guarantee is included or intended in this 

report, or any other instrument of service. 

We appreciate the opportunity to be of continued service for this project. Please call us if you 

have any questions or if we can be of any other service. 

Very truly yours, 

Schnabel Engineering South, LLC 
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% Passing 3/4" Sieve: 71.8 
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Chesterfield County, Virginia 

Project No.: 02131106.01 
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1.015 
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1.000 

.985 

.970 

.955 

. 940 ---....... 

. 9.25 
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.895 
0. 1 
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0.5 
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r"I 

~~ 

' ~ '\ 
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' /' ....-----: ~ 0 0 J~ (\ ,_;. '( .::. \ u· V1-

~~ 
~ ~ \ ~ ..::::· ·R"· .... t'\ . ' 

' Cl. ' ----.. -
1 2 5 10 20 50 

Applied Pressure - ts f 

;r Coefficients o f Consolidation (sq.in./min.) · 

l 

'f 
!___: 

1 · 
! ·: 

II 
{" : 

No. 

1 
2 
3 
4 
5 
6 
7 
8 

Load CV No. 

0.06 0 . 201 9 
0 .13 -0. 138 
0.25 0 .152 
0.50 0 .159 
1. 00 0. 1-48 
2.00 0 . 199 
4.00 0.220 
8.00 0 . 20 1 

l
1 

.. ; Natura 1 
Saturati on 

r- 74. 9 % 

Natural 
Moisture 

Dry 
Density 

33 . 8 69.8 
'\...,,. _; 

TEST RESULTS 

/ 

1 

Compression Index = o .13 
L; 

Project No.: 97-071-01 
r . I , Project: VIRGINIA POWER 

Lo cat ion: CF # 1 

Load CV 

16.00 0.205 

LL PI Sp.Gr. 

2.26 

lt]I Date: 3 MARCH 1997 . .;r ~~~~~-C-O_N_S_O_L~I-D_A_T_I_O_N~T-E_S_T~R-E_P_O_R_T~~~~~---1i 

No. Load CV 

0. 13 1.0199 

MATERIAL DESCR I PTION 
PONO ASH 

Remarks: 

TESTED BY DOK 
ENTERED BY DOK 
CHECKED BY jl-.(Yl 

·11· 

l :o=======G=A=I===C=o=n=s==u=l=t=a...=:n=t=s===·==I==n=c=.=o:;;======!l.~F~i~g~. ~N~a~.=====-~~~~ ··•·• 
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SAMPLE ID 

~ 
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.... 

St\MPLE TYPE 
SAMPLE DEPTll 

~ -- - --

j~ 
# • 

# . . . 
# . . 

# . . ) \ . 
·• , 

\ J 

I \ 
I 

-

COAL /\SII 

Bulk 
. 

-----

1.0 

PRESSURE (Ksl) 
, 
- . 

I I 
0 I . . . I . . -

h . ~. i v I 
I 

-~-

I 
I 

\. ! 
·~ ~'-
~ I. I 

1.0 

PRESSURE (Ksf) 

LL 

~ PL 
Pl 
Gs -

DESCRll'TIONl~C-.o-al_/\)._s_hr------------____, 
ll!'CS. I 

\'IRtilNli\ i Cl IESTERF!El.1) COAL t\Sl 1 TESTINO I V/\. 

'"' ' \ 
\. 

~ 

110.0 
; 

<~ 
. - .• 0 

. % INITIA c.Cot 1PR 

( OEFl ICU 
'ONS< )UI 

l':1 

,---!$-,-....... 

10.0 

Dry Unit Weight (pct) 

Wet Unit Weight (pcf) 

Moisture Content 

Void Ratio 

Degree of Saturation 

,alt = o.<>-.,-o.~ 

6.f' /~(b-1-,,-a 

- ---· 

Q,(/PV -re.f . 1 
.5~ 7 d] 

I 

-

:.SS IO 'l 

N1 Qi:;" 

Al IO N 

Initial 
75.2 

94.7 
26.0% 

0 .86°77 

67.4% 

' 
100.0 

-

100 -90 z -
80 > 

r 
70 (") ,... ,_, 
60 ;::: 

~ 
50 c: ,., 

':fl 
40 ;!: ,... 
30 z 
20 ~ 
10_ 

0 

100.0 

Final 
78 .0 

106.6 
36.6% 

0.8000 

103.0% 

o.01i _ o.o~ 
,.. --

~-"30 

TECll PWM 
llJ\"rE 81511)7 

C:llECK 

! 

' 

l_~L--------------------------------------R_E_V_IE_W_:._ -----_­
Golder Construction Services, Inc. 
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U. S. ·OEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 

VIRGINIA POLYTECHNIC INSTITUTE: AND STATE UNIVERSITY 

GENERAL SOIL MAP 
CHESTERFIELD COUNTY, VIRGINIA 

Scale 1 : 253,440 
l 0 1 2 3 4 Miles 
I I I ii I I I I 

SOIL ASSOCIATIONS 
SOILS ON FLOOD PLAINS AND TERRACES 

Fluvaquents·Hydraquents association: Deep, poa<ly drained and very poorly 
drained soils that are frequently flooded and that have a sandy, loamy, or clayey 
substratum.; along drainageways and streams 

Pamunkey-Lenoir-Dogue association: Deep, well drained, moderately welt 
drained, and s001ewhat poorly drained soils that have a dominantly loamy or 
clayey subsoil; on terraces 

Masada-Edgehill-Turbeville association: Deep, well drained soils that have a 
dominantly clayey or gravelly clayey subsoil; on high terraces 

SOILS ON TRIASSIC BASIN MATERIAL 

Creedmoor-Mayodan association: Deep, well drained and moderately well dtalned 
soils that have a dominantly clayey subsoil; on uplands 

Mayodan-Creedmoor association: Deep, well drained and moderately well drained 
soils that have a dominantly clayey or gravelly clayey subsoil; on uplands 

SOILS ON THE PIEDMONT PLATEAU 

Cecil-Appling association: Deep, well drained soils lhat have a dominantly 
clayey subsoil; on uplands 

Cullen-Appling-Colfax association: Deep, well drained and somewhat poorly 
drained soils that have a dominantly clayey subsoil or that have a frag~pan; on 
uplands 

Appling-Worsham-Colfax association: Deep, well drained, somewhat poorly 
drained, and poorly drained soils that have a dominantly clayey subsoil o< that 
have a fragipan; on uplands and upland flats 

Appling-Grover-Colfax association: Deep, well drained and somewhat poorly 
drained soils that have a dominantly clayey or loamy subsoil or that have a frag­
ipan; on uplands and upland flats 

SOILS ON THE COASTAL PLAlf'I 

Facev!lle-Gritney-Kempsville association: Deep, well drained sails that have a 
dominantly clayey or loamy subsoit; on uplands 

Bourne-Aquults-Tetotum association~ Deep, moderately well drained and poorly 
drained soils that have a fragipan or that have a loamy or clayey subsoil; on up· 
lands and upland flats 

Tetotum-Bourne association: Deep, moderately well drained soils that have~ 
dominantly loamy subsoil or that have a fragipan; on uplands 

Gritney-Atlee-Lenoir association: Deep, well d<ained, moderately well drained, 
and somewhat poorly drained sails that have a clayey er loamy subsoil; on uplands 

Lucy-Orangeburg-Rwnford association: Deep, well drained and somewhat exces­
sively dra;ned soils that have a dominantly loamy subsoilj on uplands 

Oc~repts and Udults-Vaucluse associ•tion: Deep. excessively dralned,'well 
drained. and moderately well drained soils that have a sandy 1 loamy, clayey, or 
gravelly subsoi I or that have a fragipan; on uplands 

Compiled 197~ 
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APPENDIX C 

SCHEDULE AND CHECKLIST FOR FACILITY INSPECTIONS 

Table C-1 

GENERAL INSPECTION SCHEDULE 

Inspection 

Item Possible Deficiency Frequency<1l 

CCB Placement Areas<2l Surface breaks or slides, erosion, M/Q 
settlement, displacement 

Vegetated Cover<2l Brush, trees, gaps in cover, erosion M/Q 

Existing Perimeter Dike<2l Slides, sloughs, scarps, displacements, Q 
seepage, erosion 

Surface Water Drainage Accumulated sediment, ponding, erosion M/Q 
System<2l 

Monitoring Wells Misc. damage Q 

Locking Site Gate Misc. damage M/Q 

l Notes: 
L. 

(1 ) 

(2) 

M/Q - monthly for first 12 months, quarterly thereafter; Q - quarterly. 

Additionally, the integrity of the CCB placement area, cover, vegetation, existing 
perimeter dike, and surface water drainage system will be inspected after the spring 
thaw, after any rainfall exceeding two inches or any major rainfall event resulting in 
localized flooding. 

[!!] 
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SITE INSPECTION CHECKLIST 
UPPER(EAST)CLOSURE 

CHESTERFIELD POWER STATION 

Date of Inspection:-------------------­

Temperature:---------------------

- - - . 

~ather CondH~ns on Date of Inspection: ____________________________ _ 

General Weather Conditions During Previous Week:-------------------------

Persons Present at Inspection: 

Name Title/Position Representing_ ___ _ 

General Comments: 



• • I Ill] 

. Name of Inspector: Site: Inspection Date: _______ _ 

ACTION REQUIRED 

AREA OBSERVATIONS/LOCATION 

INSPECTED CONDITION Yes No (Note on Attached Site Plan) 

Wet Areas, Seepage 

CCB PLACEMENT 
Surface Cracking 

Slide, Slough, Scarp 
AREAS 

AND EXISTING 
Sinkhole, Animal Burrow 

PERIMETER DIKE 
Erosion 

Unusual Movement 

Vegetation Control 

Surface Cracking 

Sinkhole, Animal Burrow 

VEGETATED Low Areas( s) 

COVER Ruts and/or Puddles 

Vegetation Condition 

(Trees, brush, gaps) 

ADDITIONAL COMMENTS: 
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Name of Inspector: Site: ln-spection Date: ______ _ 

ACTION REQUIRED 
AREA OBSERVATIONS/LOCATION 

INSPECTED CONDITION Yes No (Note on Attached Site Plan) 

LOCKING GATE Miscellaneous Damage 

Drainage Channels 

- Accumulated Sediment 

- Erosion 

- Vegetation/Rip rap/Lining 
SURFACE Condition 

WATER Ponding -
DRAINAGE 

Culverts SYSTEM 
- Accumulated Sediment 

- Structural Integrity 

- Inlet Condition 

- Outlet Condition 

MONITORING Miscellaneous Damage (e.g , 

WELLS damaged casing, cover, lock, etc.) 

ADDITIONAL COMMENTS: . ,.•, 

• 
I Ii 
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