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POPULATION ESTIMATE 

NAB LITTLE CREEK 

In order to estimate the population surrounding the sites at NAB 
Little Creek, 1990 Census Tracts were obtained from the Hampton 
Roads Planning District Commission and, using circular overlays, 
the populations within one-, two-, three-, and four-mile radii were 
estimated. Because the sites are relatively close together, the 
population estimates for each of sites 7, 9, 10, 11, 12, and 13 are 
approximately the same. 

Sites 7, 9, 10, 11, 12, 13 

Radius Total Population 

1 mi. 2,821 

2 mi. 19,412 

3 mi. 44,160 

4 mi. 

These figures do not include the persons aboard ships in port. 
Each of the figures should be increased by approximately 2,500 if 
the Navy personnel aboard ships is included. 





CITY OF NORFOLK 

1990 TRACT 
TOTAL 
POP 

2644 
3424 
4039 
3452 
3969 
3606 
4470 
2920 
2299 
11866 
23080 
1976 
3583 
2616 
1464 
1993 
1939 
1935 
923 
604 
1443 
930 
994 
2275 
3188 
3779 
3141 
3474 
4432 
5354 
2125 
2911 
2616 
2729 
2248 
2582 
1047 
670 
2258 
2579 
273 
28 

1056 
2911 
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1565 
3115 
3242 

WHITE 
POP ----- 
2170 
2597 
3478 
2877 
3622 
3029 
2913 
2639 
1400 
7500 
15481 
1385 
2955 
1702 
1084 
1726 
460 
1576 
742 
557 
1267 
860 
984 
2083 
3137 
1713 
2213 
141 
2882 
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1475 
1559 
1082 
634 
27 
19 
3 

547 
2057 
2401 
236 
12 
986 
2670 
13 
20 
25 
12 

BLACK AM IND ASIAN & 
POP ESK&ALEUT PAC I S L  



TOTAL 261229 148228 102012 

NOTES : 

(1) TRACTS MARKED WITH AN ASTERISK ( * )  ARE KNOWN TO HAVE UNDERGONE 
BOUNDARY CHANGES SINCE 1980- OTHER MORE SUBTLE BOUNDARY 
CHANGES OCCURRED AS WELL BUT ARE NOT MARKED WITH AN ASTERISK. 

(2) ALTHOUGH 1990 TRACT NUMBERS ARE OFTEN SIMILAR TO 1980 NUMBERS, 
MANY TRACTS HAVE UNDERGONE BOUNDARY CHANGES. THEREFOIRE, THIS 
DOCUMENT SHOULD NOT BE USED FOR COMPARATIVE ANALYSES OF 1980 
AND 1990 TRACT VALUES. 

( 3 )  THESE DATA ARE RAW DATA AND HAVE NOT BEEN ADJUSTED IN ANY WAY* 



( 4 )  VALUES GIVEN FOR JAMES CITY COUNTY AND WILLIAMSBURG FOR 1980 
REPRESENT PRE-ANNEXATION DATA. THEY DO NOT CONTAIN AN 
ADJUSTMENT. 

(5) THESE DATA SHOULD NOT BE PUBLISHED WITHOUT THE ABOVE 
CLARIFYING REMARXS. 



CITY OF VIRGINIA BEACH 



TOTAL 393069 316408 54674 1384 17025 3581 147037 

NOTES : 

(1) TRACTS MARKED WITH AN ASTERISK ( * )  ARE KNOWN TO HAVE UNDERGONE 
BOUNDARY CHANGES SINCE 1980. OTHER MORE SUBTLE BOUNDARY 
CHANGES OCCURRED AS WELL BUT ARE NOT MARKED WITH AN ASTERISK. 

(2) ALTHOUGH 1990 TRACT NUMBERS ARE OFTEN SIMILAR TO 1980 NUMBERS, 
MANY TRACTS HAVE UNDERGONE BOUNDARY CHANGES. THEREFORE, THIS 
DOCUmNT SHOULD NOT BE USED FOR COMPARATIVE ANALYSES OF 1980 
AND 1990 TRACT VALUES. 

( 3 )  THESE DATA ARE RAW DATA AND HAVE NOT BEEN ADJUSTED IN ANY WAY. 
(4) VALUES GIVEN FOR JAMES CITY COUNTY AND WILLIAMSBURG FOR 1980 

REPRESENT PRE-ANNEXATION DATA, THEY DO NOT CONTAIN AN 
ADJUSTMENT. 

(5) THESE DATA SHOULD NOT BE PUBLISHED 3iITHOUT THE ABOVE 
CLARIFYING REMARKS. 
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1.0 INTRODUCTION 

Baker Environmental, Inc. (Baker) has been contracted by the Atlantic Division, Naval 

Facilities Engineering Command (LANTDIV) to obtain information on the Naval Amphibious 

Base Little Creek (NAB Little Creek), facility for purposes of scoring selected sites in 

accordance with the Revised Hazard Ranking System (December 14, 1990). This report 

contains the results of Baker's data collection efforts. 

Specsc data requirements for this facility have been identified by LANTDIV in their Scope of 

Work dated, March 12, 1991. The overall project assignment, which included the collection 

and evaluation of data and preparation of this report, is being performed by Baker under 

Contract Task Order (CTO) 0002. 

This report is organized as follows. Section 1.0 (Introduction) identifies the purpose and 

administrative aspects of CTO-0002 and presents the organization of the report. Section 2.0 

(Methodology) describes the scope of work and activities employed to obtain the information 

deficiencies. The information deficiencies identsed by LANTDIV are addressed in Section 3.0 

through Section 6.0. Each deficiency checklist item is identified along with the information 

requested immediately following. Data limitations, which are those checklist deficiency items 

that  could not be resolved, are presented in Section 7.0. References are identified in the 

Reference section, which follows Section 7.0. 

This report also contains three figures that identify various information requirements and 

complement the findings which are presented in the main body of this report. Figure 1 is a 

map of the facility containing information from Section 3.0. Figures 2 and 3 correspond to 

responses from Section 4.0. 



2.0 METHODOLOGY 

A project team consisting of a Project Manager, Chemical Engineer, Geologist, Civil Engineer, 

and Environmental Scientists were employed to obtain information to resolve da ta  

deficiencies identified by the EPA for the NAB Little Creek facility. The data deficiencies for 

the NAB Little Creek concern the information identified by LANTDIV in the March 12, 1991 

Scope of Work. 

Project files a t  the LANTDIV office in Norfolk, Virginia were reviewed and applicable reports 

were obtained by the project team. A visit to the Chesapeake Bay Program Office in 

Annapolis, Maryland also was made to obtain relevant information pertaining to wetlands, 

fisheries, sensitive environmental areas, natural resources (i.e., shellfish, etc.) and other 

environmental concerns. The project team subsequently reviewed all of the available 

information in an  attempt to resolve the information needs identified by the EPA deficiency 

checklist. Specific items on the checklists that were identified by LANTDIV in the March 12, 

1991 Scope of Work were addressed except in those cases where the checklist indicated that 

the information has been provided and deemed acceptable. In some cases, the checklist 

indicated that the information is not applicable (NA). Baker addressed these items in some 

cases where it was felt that providing the information may assist in the scoring of the sites. 

The deficiency checklist for the NAB Little Creek facility is provided in Exhibit 2-1. 

The information was reviewed and evaluated for specific sites identified by LANTDIV in the 

Scope of Work. For the NAB Little Creek, the following sites (Table 2-1) of concern were 

identified for further investigation: 

TABLE 2-1 

NAB LITTLE CREEK 
SITES FOR FURTHER INVESTIGATION 

I s i te NO. 1 Description 

7 

9 

10 

11 

12 

13 

Amphibious Base Landfill 

Driving Range Landfill 

Sewage Treatment Plant Area Landfill 

School of Music Plating Shop 

Exchange Laundry Waste Storage Tank 

Public Works PCP Dip Tank and Wash Rack 



When the review of existing or available information was completed, the project team 

identifled what information was still needed to respond to the deficiency checklist items. The 

project team then identified and contacted other potential sources of information including 

various Federal, State, and local agencies, public authorities, and private firms. In most cases, 

the agency or firm required substantial time to obtain the information and indicated that they 

would forward the information to Baker. Due to the condensed schedule of this project, the 

project team attempted to obtain information "over the phone." Telephone call reports were 

subsequently prepared and are included in the various exhibits to this report. 

The information collected by the project team is discussed in Sections 3.0 through 6.0 of this 

report and illustrated on various figures and exhibits (e.g., wetlands). Figures were prepared 

using United States Geological Survey (USGS) quadrangle maps and topographic maps. The 

sites of concern are identified on each figure, along with radii depicting target distances from 

the sites. In some cases other maps and figures, which are more site-specific (and are of a 

smaller scale), are included in the exhibits. 

Documentation to the responses given in Sections 3.0 through 6.0 of this report can be found in 

the exhibits. In most cases, the documentation consists of telephone call reports and excerpts 

from various technical reports. References also were used as a source of information to 

respond to checklist items. Statements made in this report which support the responses to the 

checklist item are referenced. A listing of references can be found in the Reference section. 

The following sections present the findings to those checklists items identified by LANTDIV 

for the surface water, soil, groundwater, and air pathways that pertain to selected sites a t  the 

NAB Little Creek. The findings are based on information obtained from the LANTDIV project 

files and information obtained from various agencies. The checklist item number and 

description is given first, followed by the finding(s) generated by the project team. The 

checklist number corresponds to the deficiency checklist given in Exhibit 2-1. 



3.0 GROUNDWATER PATHWAY 

3A. Determine if ground water  within a four-mile radius  of each  source  is  used for  

any of the  following purposes  a n d  locate the wells on a four-mile r ad ius  map. 

T h e  center  of the radii should begin a t  the center  of each source  if the  source  is 

small o r  a t  the  outer  edge of the source  if i t  is large. 

There are thirty-four (34) known wells located within a four-mile radius of the sites a t  Naval 

Amphibious Base (NAB) Little Creek. These wells are shown on Figure 1, and the well uses 

are  identitied in subsequent checklist item responses. The information used to locate the wells 

and determine their uses consisted of a series of maps and a compilation of database 

information provided by the Tidewater Regional Offlce of the Virginia State Water Control 

Board (VWCB, 1991). 

3Al. Private  o r  public dr inking water  source  

There are twenty-three (23) known public consumption and private water supply wells within 

a four-mile radius of the sites a t  NAB Little Creek. Of these, nine (9) of the wells are public 

consumption wells and fourteen (14) of the wells are private wells. For classification purposes, 

wells serving office buildings, subdevelopments, t rai ler  courts ,  schools, hospitals, 

campgrounds, restaurants and other foud services, and military installations have been 

considered to be public consumption wells (i.e., domestic wells), to differentiate between those 

wells and actual public water supply wells. 

Public water within a four-mile radius of the Naval Amphibious Base Little Creek is supplied 

by the City of Virginia Beach Department of Public Utilities (Virginia Beach DPU) and the 

City of Norfolk Department of Utilities (Norfolk DU). The Norfolk DU does not have any 

public supply wells within the four-mile radii of the sites. Details of the Norfolk DU water 

distribution system are provided in Exhibit 3-1. The Virginia Beach DPU receives all of its 

water from the city of Norfolk and has no supply wells. Information concerning the sources of 

water for the Virginia Beach DPU are provided in Exhibit 3-2. 



3A2. Irrigation of commercial crops (include areas) 

There are  three known wells that  a re  used for irrigation of commercial crops within a four- 

mile radius of the sites a t  NAB Little Creek. These wells also a re  used for commercial 

livestock. 

There is no evidence of public water, supplied by either the Norfolk DU or the Virginia Beach 

DPU, being used for irrigation of commercial crops within four miles of the s i tes  (see 

Exhibits 3-1 and 3-2). 

3A3. Commercial livestock 

The three known wells used for watering commercial livestock, as identified above, also are  

used for irrigation of commercial crops. 

There is no evidence of public water, supplied by either the Norfolk DU or the Virginia Beach 

DPU, being used for commercial livestock within four miles of the sites (see Exhibits 3-1 and 

3-2). 

3A4. Commercial aquiculture 

There are  no known wells used for commercial aquiculture within a four-mile radius of the 

sites a t  NAB Little Creek. 

There is no evidence of public water, supplied by either the Norfolk DU or the Virginia Beach 

DPU, being used for commercial aquiculture within four miles of the sites (see Exhibits 3-1 

and 3-2). 

3A5. Industrial 

There are  six (6) known wells used for industrial purposes within a four-mile radius of the sites 

a t  NAB Little Creek. 



There is no evidence of public water, supplied by either the Norfolk DU or the Virginia Beach 

DPU, being used for industrial purposes within four miles of the sites (see Exhibits 3-1 and 

3-21. 

3A6. Not used, but usable 

There are no known wells which are usable, but not used, within a four-mile radius of the sites 

a t  NAB Little Creek. 

3A7. Unusable 

There are no known unusable wells within a four-mile radius of the sites a t  NAB Little Creek. 

3A8. Water for recreational use 

There are two (2) known wells used for recreational purposes within a four-mile radius of the 

sites a t  NAB Little Creek. These wells serve the YMCA Beach Club and the Lake Wright Golf 

Course and are shown on Figure 1. 

There are no reported cases of public water from the Norfolk DU or Virginia Beach DPU being 

used for recreational areas within four miles of the sites (see Exhibit 3-1). 

3A9. Stand-by wells used for drinking water at least once a year. 

There are no known "stand-by" wells within a four-mile radius of the sites a t  N A B  Little 

Creek. 

The Norfolk DU has no "stand-by" wells within four miles of the sites. The Norfolk DU does 

have a series of four deep wells (total capacity 16 MGD) in the vicinity of the Western Lakes 

which can be activated if reservoir levels drop below 70 percent capacity. Three of the four 

wells discharge to Lake Prince, the other discharges to Lake Burnt Mills. Use of the wells is 

avoided when possible because the groundwater has a high phosphorous content. However, 

this area is outside the four-mile radii of the sites (see Exhibit 3-1). 

The Virginia Beach DPU has no "stand-by" wells within four miles of the s i tes  (see 

Exhibit 3-2). 



3B. Outline the public water distribution system within a 4 mile radius of each 

source on a topographic map. 

The public water distributions systems of the Norfolk DU and the Virginia Beach DPU are 

outlined within four miles of the sites on Figure 1. Locations and descriptions of surface water 

intakes and public supply wells for Norfolk DU and Virginia DPU are provided in Exhibits 3-1 

and 3-2. 

3C. Identify the nearest drinking water well. 

The nearest drinking water well to the site is a well serving Bradford Acres subdevelopment 

located a t  36°54'06" north latitude and 76O08'08" west longitude. The well is shown on 

Figure 1. 

3D. Determine the population (including workers, students, and residents) 

drawing from each drinking water well within the following radii. The center 

of the radii should start at the center of each source if the source is small or at 

the outer edge of the source if it is large. Count the overlapping areas only 

once. 

3Dl. 0 - 1/4 mile 

Population 



3D2. 1/4 - 112 mile 

Site - 

3D3. 112 - 1 mile 

Site - 

Population 

Population 

Population 

Population 



3D6. 3 - 4 mile 

For wells beyond 112 mile from each source, all wells were considered to be domestic wells 

serving 2.36 residents based on information provided by Ms. Lorie Acker of the United States 

Environmental Protection Agency (see Exhibit 3-31, This figure was determined from a 

telephone call with a United States Census Bureau information specialist (see Exhibit 3-3). 

The above population totals are for all wells within the respective radii. 

3E. Describe known or probable groundwater flow direction from each source. 

This item was identSed as "acceptable" on the checklist. However, the following information 

was available and has been provided to supplement existing information. The groundwater 

flow direction beneath the site is toward Little Creek Cove, ultimately discharging into 

Chesapeake Bay. This has been stated in REWAI, 1982, and documentation has been provided 

in Exhibit 3-4. 

3F, Describe as precisely as possible, the geology and hydrogeology of the site 

area (including geological formation name, thickness, types of material, 

hydraulic conductivities, and depth to aquifers). 

NAB Little Creek is underlain by several thousand feet of unconsolidated deposits of gravel, 

sand, and clay. SpecZic geological formations and types of materials are  discussed in detail in 

Exhibit 3-5. The stratigraphic column of the various units, as compiled from various plates to 

VDMR, 1973, are as  follows: 

Geologic Unit 

Columbia Group Mattaponi Formation 
r, Yorktown Formation "Transitional Beds" 

Calvert Formation Patuxent Formation 
e Nanjemoy Formation 



Furthermore, USGS, 1987 provides a detailed discussion of the aquifers in Southeas tern 

Virginia. Pertinent portions of the report have been included a s  Exhibit 3-6. Some 

nomenclature discrepancies have been noted between USGS, 1987 and VDMR, 1973. The 

discrepancies arise primarily from the fact that the USGS report presents a much more 

detailed description of geologic units than VDMR, 1973. Therefore, not all of the geologic 

units in the comparison below are identified as aquifers. However, some of these may contain 

both relatively minor aquifers and aquitards. An approximate correlation of geologic 

formations listed in VDMR, 1973 with aquifers identSed in USGS, 1987 has been presented in 

Table 3-1. 

GEOLOGIC FOR 

TABLE 3-1 

NAB LITTLE CREEK 
MATION AND AQUIFER CORRELATION 

Geologic Formation Aquifer 
Approximate Depth 

to Top of Aquifer 
(feet) 

Columbia Group 

Yorktown Formation 

Mattaponi Formation AquiaPee Dee 695 

Calvert Formation 

Nanjemoy Formation 

I "Transitional Beds" I Confining Unit I 755 

Columbia 

Yorktown-Eastover 

Patuxent Formation I Lower Potomac 1 905 

Surface 

*Undetermined 

Confining Unit 

Confining Unit 

* The depth and thickness of the Yorktown Formation near Little Creek 
NAB has not been investigated in detail, so this information has not been 
accurately determined. 

440 

Not present beneath 
the site 

Accurate hydraulic conductivities for the units could not be located in the published literature, 

largely because of the lithologic variability within each formation. However, transmissivities 

have been presented in Table 3-2 as  a relative comparison to hydraulic conductivities. (These 

values were taken from Siudyla, et al., 1981 and are documented in Exhibit 3-7.): 



TABLE 3-2 

NAB LITTLE CREEK 
TRANSMISSIVITY RANGE 

Common Range of 
Aquifer Transmissivities 

(gallons per day per foot) 

Columbia Not available 

3G. Discuss any evidence of aquitards and discontinuities between aquifers within 

4 miles of the sources. 

According to USGS, 1987, the hydrogeologic framework for the study area  is a series of 

aquifers and intervening confining units, indicating that  aquitards a re  present between 

aquifers under areas within four miles of the sites a t  NAB Little Creek. This information has 

been documented in Exhibit 3-6. 

3H. Describe any evidence of interconnections between aquifers within 2 miles of 

each source. 

As described above, no evidence of aquifer interconnection beneath the site has been found (see 

Exhibit 3-6). 

31. Estimate the annual net precipitation at the site. 

This item was identified as "acceptable" on the checklist. 

3J. Discuss soil or geologic conditions that might inhibit or facilitate ground water  

migration. 

As discussed above, there are effective aquitards beneath the site which would inhibit vertical 

migration of contaminants. These aquitards are discussed in detail in Exhibit 3-6. 



3K. Identify if any underlying aquifers are "sole source" as designated by Section 

l a 4  (e) of the Safe Drinking Water Act. 

The site is not underlain by a sole-source aquifer a s  designated by Section 1424(e) of the Safe 

Drinking Water Act, a s  confirmed by information received from the Environmental Protection 

Agency's Office of Ground Water Protection. Documentation has been provided in Exhibit 3-8. 

3L. Determine if sources are located in an area of Karst topography. 

The checklist response identfied this item a s  "not applicable". It may have been intended to 

indicate that the site would not be located in a n  area  of Karst topography. 

3N. Determine if any areas within a 4 mile radius of each source is located in a 

Wellhead Protection area according to Section l a 8  of the Safe Drinking Water 

Act. 

The area, including the site and a four-mile radius of the sites a t  NAB Little Creek, is not 

located within a Wellhead Protection Program according to Section 1428 of the Safe Drinking 

Water Act, a s  Virginia does not have a n  established Wellhead Protection Program. This  

information was confirmed by Mr..Terry Wagner of the Virginia Water Control Board, and 

documentation has been provided in Exhibit 3-9. 



4.0 SURFACE WATER PATHWAY 

4A. Describe surface water bodies 0 to 15 miles downstream of the  sources a n d  

provide a map of surface water bodies receiving drainage from each source. 

The following surface water bodies are located on the activity: (RGH, 1984) 

* Little Creek 

* Little Creek Harbor (includes Desert Cove and Little Creek Cove) 

(above flow into the Chesapeake Bay) 

Golf Course Lakes 

* Lake Bradford (inlet from drainage canals, surface outlet to Little Creek Cove) 

(PGA, 1986) 

Chubb Lake (inlet from drainage canals, surface outlet to Little Creek Cove) 

(PGA, 1986) 

* Lake Whitehurst 

Lake SmithILittle Creek Reservoir (drainage to Little Creek) 

The following surface water bodies are within the 15 mile target distance limit as a result of 

tidal influence: 

Lynnhaven River 

James River 

6 Elizabeth River 

* Lafayette River 

* Willoughby Bay 

6 Nansemond River 

See Figure 1 for locations of these surface water bodies. 

4B. Discuss t h e  probable  surface run-off pa t t e rn  from e a c h  s o u r c e  to  s u r f a c e  

waters, including the  distance to the nearest  surface wa te r  body (including 

ponds, lakes, streams, etc.). 

Surface water drainage is primarily into Little Creek Harbor and through the inlet into the 

Chesapeake Bay. Some drainage in the eastern portion of the NAB Little Creek is though a 



canal system. This system discharges into Little Creek Cove (information provided by 

LANTDIV) (see Exhibit 4-11. 

The runoff patterns for the sites of concern are shown on Figure 2 and described below. 

Site 7 (Amphibious Base Landfill) - According to the Initial Assessment Study (RGH, 1984), 

information is not available to confirm or discount the possibility of runoff migrating into the 

Lake SmitMLittle Creek Reservoir. Based on current surface water elevations, is appears that 

the Lake SmithJLittle Creek Reservoir may exert a hydraulic head which potentially causes 

migration toward Little Creek harbor. From the USGS Little Creek quadrangle map, it would 

appear that surface water runoff would flow to Little Creek Cove. The site is located about 200 

feet from Little Creek Cove according to the site map in the Initial Assessment Study (RGH, 

1984). 

Site 9 (Driving Range Landfill) - Site 9 is presently used a s  a golf driving range (RGH, 1984). 

Based on surface elevations from the Little Creek USGS quadrangle map, surface water runoff 

would migrate towards the golf course lake and the Chesapeake Bay. The eastern side of the 

site is adjacent to the golf course lake and the northern boundary lies about 1000 feet south of 

the bay (USGS Little Creek quadrangle map). 

Site 10 (Sewage Treatment Plant Area Landfill) - Drainage during the period of disposal was 

into an arm of Desert Cove which drained the areas of the base directly behind the sand dunes. 

This arm of the cove was filled during the major base improvements which occurred in the 

1950s. According to the Initial Assessment Study, surface water runoff would migrate to 

Desert Cove, which is approximately 1000 feet from the site (RGH, 1984). 

Site 11 (School of Music Plating Shop) - Site 11 is located close to the center of the eastern 

portion of the facility. Surface water runoff would appear to flow toward Little Creek Harbor, 

parallel to the Bay shoreline (RGH, 1984). The site is about 1500 feet from Lake Bradford and 

4000 feet from Little Creek Cove. 

The area where the plating shop is located is developed and the topography is flat, so it is 

difficult to determine runoff directions from surface elevations. According to the Initial 

Assessment Study, materials were reportedly disposed down the plating shop sink drain and 

into a sewer via existing drainage lines (RGH, 1984). 



Site 12 (Exchange Laundry Waste Storage Area) - Waste was reportedly disposed into a storm 

drain adjacent to the the Laundry Waste Storage Area. This storm drain enters a canal about 

500 feet west of the inlet (RGH, 1984). This canal drains into Lake Bradford and flows into 

Little Creek Cove (PGA, 1986). 

Site 13 (Public Works PCP Dip Tank and Wash Rack) - Migration from Site 13 is toward the 

harbor (Little Creek Cove). The site is located about 2000 feet from Little Creek Cove and 

300 feet from the golf course lake, according to the Initial Assessment Study (RGH, 1984). 

4C. Describe the  points a t  each  source  where  hazardous  subs tances  begin to  

migrate a n d  their probable  point  of en t ry  in to  a sur face  w a t e r  body a n d  

provide a map. 

The point a t  each site where hazardous substances begin to migrate is assumed to be the low 

point of the site. The migratory path for each site is described as follows: (Information was 

obtained from the Little Creek USGS quadrangle map.) 

Site 7 - Potential contaminants would appear to migrate from the north side of the site, 

entering the southeastern corner of Little Creek Cove. 

Site 9 - Migration would appear to begin a t  the eastern side of the site, flowing into the west 

side of the golf course lake. 

Site 10 - Potentially hazardous substances would appear to begin migrating from the far  

western point of the area, entering Desert Cove from the northeastern corner. 

Site 11 - According to the Initial Assessment Study, migration of potentially hazardous 

substances is through the drainage channel and sewer (RGH, 1984). 

Site 12 - Migration of potential contaminants is through a storm drain (RGH, 1984). The 

storm drain enters a canal which flows from Lake Bradford. The canal drains from the 

southern bank of the central part of the lake (information provided by LANTDIV). 

Site 13 - Migration would appear to begin from the west side of the site towards the harbor 

(Little Creek) (RGH, 1984). 



4D. Identifv if surface water drawn from intakes within 15 miles downstream from 

the probable point of entry is used for any of the following purposes: 

4D1. Irrigation (5-acre minimum) of commercial food crops or commercial forage 

crops. 

According to the Virginia Beach Department of Public Utilities, public water is not being used 

for irrigation, commercial livestock, or as an ingredient in commercial food (see Exhibit 4-2). 

4D2. Watering commercial livestock. 

See response to 4Dl. 

4D3. Ingredient in commercial food. 

See response to 4D1. 

4D4. Major or designated water recreation area, excluding drinking water. 

The City of Virginia Beach purchases some of its public water supply from the City of Norfolk. 

Norfolk uses the Little Creek Reservoir as a backup public water supply (RGH, 1984). Little 

Creek Reservoir is within the 15 mile target distance limit of the sites a t  NAB Little Creek. 

Three water recreation areas use public water (see Exhibit 4-2). 

Wild Water Rapids Water Park 

Kempsville Recreation Center 

Great Neck Recreation Center 



4E. Identify the following targets associated with surface water bodies 0 to 15 

miles downstream of the probable point of entry: 

4E1. Population (residents, workers, and students) served by intakes of drinking 

water. 

Little Creek Reservoir is used by the City of Norfolk for public water supply. The City of 

Norfolk sells potable water to Virginia Beach and Chesapeake. (The actual population served 

by this system is not yet available, but once the information is obtained, it will be provided in 

the final report.) 

4E2. Sensitive environments and critical habitats of a federally endangered species. 

* No Critical Habitats, as defined in 50 CFR 424.02, have been identified either 15 miles 

downstream or upstream (tidal influence) from any of the sites (see Exhibit 4-3) 

(50CFR Sections 17.95, 17.96). Grandview Natural Area is being considered for a 

Critical Habitat designation because of the Piping Clover (see Figure 2) (see 

Exhibit 4-3). 

* Federally endangered and threatened sea turtles may range as  far north as  Virginia, 

but are not expected to nest in the region. These species include: the green sea turtle, 

hawksbill sea turtle; Kemp's ridley sea turtle; and the leatherback sea turtle (RGH, 

1984) (see Exhibit 4-4). In addition, the following five species reside or breed in 

southwest Virginia but are not known to inhabit NAB Little Creek: Long's Bitter 

Cress (Cardumine longii) (Vascular plant - Under review); Lilaeopsis carolinensis (no 

common name) (Vascular plant - Under review); Loggerhead Sea Turtle (Coretta 

coretta) (Reptile - Threatened); Southern Bald Eagle (Heliaeetus leucocephaius) 

(Resident Bird - Threatened); and Red-Cockaded Woodpecker (Picoides borealis) 

(Resident Bird - Endangered) (RGH, 1984) (see Exhibit 4-4). Also, several federally 

designated threatened (T) and endangered (E) species have been identified a t  the city 

level, although their exact location could not be identified (see Exhibit 4-41 (Cline, 

1990) (USDI, 1990): 

1. Bald Eagle (El (Haliaeetus leucocephulus) 
(Virginia Beach and York); 



2. Red-Cockaded Woodpecker (E) (Picoides borealis) 
(Virginia Beach and York); 

3. Piping Plover (T) (Churadrius melodus) 
(York and Virginia Beach); 

4. Northeastern Beach Tiger Beetle (TI (Cincindelcr dorsalis dorsalis) 
(York and Virginia Beach); 

5. Dismal Swamp Southeastern Shrew (T) (Sorex longirostris fisheri) 
(Chesapeake Bay); 

6. Peregrine Falcon (Falco peregrinus anutum (El and Falco peregrinus tundrius 
(TI) 

(Virginia Beach). 

0 The Virginia Department of Conservation and Recreation, Division of Natural 

Heritage, was contracted to conduct a rare, threatened, and endangered species study 

and Special Interest Areas (e.g., exemplary natural communities, animal congregation 

sites, etc.) study for the Little Creek Naval Amphibious Base (VaDCR, 1990). This 

study identified three state rare plant species and one rare animal species within 15 

miles downstream, or upstream (tidal influence) of the sites. These species include: 

Virginia beach pinweed (Lechea maritima uar Virginica); Bluejack oak (Quercus 

i m a m ) ;  Spanish moss (Tillandsia usrwoides); and, Least tern (Sterna antillarum). 

Refer to Exhibit 4-5 for a discussion of the species, and figures showing their location. 

Exhibit 4-5 also contains a listing of state rare, threatened and endangered species 

the cities within 15 miles downstream and upstream (tidal influence) of the sites. 

No national parks have been identified within 15 miles downstream or upstream (tidal 

influence) of the sites. (see Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). However, 

Seashore State Park is located within 15 miles downstream of the sites (see Figure 2). 

No national monuments have been identified within 15 miles downstream or 

upstream (tidal influence) of the sites. (see Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). 

a No national seashore or lakeshore recreational areas managed by the National Park 

Service have been identified within 15 miles downstream or upstream (tidal influence) 

of the sites (see Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). There may be national 

seashore or lakeshore recreational areas managed by other agencies, however, none 

have been identified. 



No federally designated scenic or wild rivers, or national river reaches designated as  

recreational have been identified within 15 miles downstream or upstream (tidal 

influence) of the sites (see Exhibit 4-71 (NPS, 1989a) (NPS, 1990) (SC, 1991). 

No state designated scenic rivers have been identified within 15 miles downstream or 

upstream (tidal influence) of the sites (see Exhibit 4-7) (VaDCR, 1989). 

A blue-crab (Callinectes sapidus) sanctuary is located in a n  area of the lower 

Chesapeake Bay, between Hampton Roads and the Chesapeake Bay Bridge-Tunnel 

(see Figure 2) (see Exhibit 4-8). 

Several species of fish are known to have spawning areas 15 miles downstream or 

upstream (tidal influence) of the sites (CBP, 1987). They include, but are not limited 

to: Striped Bass (Morone saxatilis); Blue Crab (Callinectes sapidw) and Bay Anchovy 

(Anchoa mitchilli). Refer to Exhibit 4-9 for maps showing habitat distribution. 

No national preserves have been identified within 15 miles downstream or upstream 

(tidal influence) of the sites (see Exhibit 4-6) (NPS, 1989a) (NPS, 1989131, 

Plum Tree National Wildlife Refuges has been identified within 15 miles downstream 

of the sites (see Figure 2) (see Exhibit 4-3) (USDI, 1986a) (SC, 1988). 

It was reported by the VA Department of Game and Inland Fisheries that Virginia 

does not have state wildlife refuges. Instead, they have wildlife management areas 

(see Exhibit 4-10). No wildlife management areas have been identified within 15 

miles downstream or upstream (tidal influence) of the sites (see Exhibit 4-10) 

(DeLorme, 1989). 

No designated federal wilderness areas were identified within 15 miles downstream or 

upstream (tidal influence) of the sites (see Exhibit 4-1 1) (WS, 1989) (SC, 1990). 

The Seashore Natural Area within Seashore State Park has been identified within 15 

miles downstream of the sites (see Figure 2 )  (see Exhibit 4-12) (VaDCR, 1989). 

The Virginia Department of Conservation and Recreation, Division of Natural  

Heritage, was contracted to conduct a rare, threatened, and endangered species study 



and Special Interest Areas (e.g., exemplary natural communities, animal congregation 

sites, etc.) study for the Little Creek Naval Amphibious Base (VaDCR, 1990). This 

study identified four Special Interest Areas within 15 miles downstream or upstream 

(tidal influence) of the sites. These areas include: Chub Lake Special Interest Area; 

East Dunes Special Interest Area; West Dunes Special Interest Area; and Little Creek 

Channel Special Interest Area. Chub Lake and East Dunes are ecological reserve 

areas, West Dunes is a botanical area, and Little Creek Channel is an  endangered and 

threatened species area. Refer to Exhibit 4-5 for a discussion of the areas, and figures 

showing their location. 

No sensitive areas identified under the Near Coastal Waters Program have been 

identified within 15 miles downstream or upstream (tidal ~nfluence) of the sites (see 

Exhibit 4- 13). 

No sensitive areas identified under the National Estuary Program have been 

identifled within 15 miles downstream or upstream (tidal influence) of the sites (see 

Exhibit 4-13). 

The Coastal Zone Management Act is managed by the Council on the Environment 

(COE) a s  Virginia's Coastal Resources Management Program (VCRMP) in the  

Commonwealth of Virginia. The VCRMP coordinates the activities of the agencies 

that enforce the regulations in the coastal areas. An overview of the program is 

provided a s  Exhibit 4-13. The VCRMP does not site specific areas of concern; rather it 

identifies general areas of concern. These include the following: 

Wetlands; 

Subaqueous Lands; 

Spawning, Nursery and Feeding Grounds; 

Coastal Primary Sand Dunes; 

Barrier Islands; 

Signscant Wildlife Habitat Areas; 

Signscant  Public Recreation Areas; and, 

Significant Mineral Resources Deposits. 



As discussed in this report, there a re  wetlands, spawning, nursery and feeding grounds, and 

signscant wildlife habitats within 15 miles downstream and upstream (tidal influence) of the 

sites. 

4E3. Economically impor t an t  resources. 

The Chesapeake Bay and many of the surrounding water bodies, contain economically 

important resources such a s  finfish and shellfish. The following species a re  have been 

identified within 15 miles downstream or upstream (tidal influence) of the sites: Striped Bass 

(Morone saxutilis); Blueback Herring ( A h a  aestiualis); Alewife (Alosa pseudoharengus); 

American Shad (Alosa sapidissima); Hickory Shad (Alosa mediocris); Bay Anchovy (Anchoa 

mitchilli); American Oyster (Crassostrea virginica); Softshell Clam (Mya arenaria); Hard Clam 

(Mercenaria rnercenaria); and Blue Crab (Callinectes sapidus) (CBP, 1987). Refer to 

Exhibit 4-9 for maps showing habitat distribution. 

4E4. Por t ions  of su r f ace  wa te r  des ignated  by  a s t a t e  f o r  d r i n k i n g  w a t e r  u n d e r  

sect ion 305 (a) of the Clean Water Act a n d  por t ions  of su r f ace  w a t e r  u s a b l e  f o r  

drinking water. 

According to the VA State Water Control Board, the Potable Water Supply (PWS) designation 

of water bodies in their Water Quality Standards fulfills the requirements of Section 305(a) of 

the Clean Water Act (see Exhibit 4-14). There are no water bodies designated a s  PWS within 

15 miles downstream or upstream (tidal influence) of the sites (VA Water Quality Standards 

VR680-2 1-08.3). 

4F. Determine  t h e  miles of wet lands  (wetland f rontage  a long  su r face  w a t e r  bodies  

0 t o  15 miles downs t r eam f rom t h e  probable  poin t  of entry.  

From a review of the USGS 7.5 minute topographic maps, the Tidal Marsh Inventories 

prepared by the Virginia Institute of Marine Science and the National Wetlands Inventory 

(NWI) Maps, much of the water bodies within 15 miles downstream or upstream (tidal 

influence) contain wetland frontage. Because of the large number of wetland areas, only the 

larger wetlands ( > 3-5 acres) were plotted on Figure 2. 

According to Table 4-24 (Appendix A to Part  300 - Hazard Ranking System), a total length of 

wetlands greater than 20 miles receives the maximum assigned value. As shown on Figure 2, 



there is undoubtedly greater than 20 miles of wetland frontage, therefore the actual mileage of 

wetland frontage was not determined. 

4K. Estimate the  size of the upgradient dra inage a rea  from each source. 

The size of the upgradient drainage basins for the sites of concern a t  NAB were estimated 

using surface elevations on the USGS Little Creek quadrangle map and an  electronic 

planimeter. 

@ Site 7- 25 acres 

@ Site 9- 18 acres 

@ Site 10- 21 acres 

Sites 11, 12 and 13 are located in a highly developed area. The drainage area could not be 

determined from the USGS quadrangle map, due to the lack of elevation contours. 

4L Determine the  2-year, 24-hour rainfall for the  site. 

NAB Little Creek is located in Virginia Beach, Virginia. The Rainfall Frequency Atlas of the 

United States indicated a two-year, 24-hour rainfall for Virginia Beach of approximately 

3.80inches. According to the National Climatic Data center this is the most current 

information available (see Exhibit 4-15). 

4M. Discuss the  average annual  stream-flow associated with each surface  water  

body from 0 t o  15 miles downstream of each source. 

The Naval Amphibious Base, Little Creek is located along Little Creek Harbor and the 

Chesapeake Bay. These surface water bodies would be classified as shallow ocean zone and 

moderate depth ocean zone, according to the Federal Register p. 51614, Table 4-13 (see 

Exhibit 4-16). 

Little Creek would be defined as a coastal tidal water, according to the Federal Register. It is 

affected by the tides from the Chesapeake Bay. 

The Lakes on NAB Little Creek are defined as  follows according to The Federal Register, 

pages 51613-51614. 



Chubb Lake and Lake Bradford receive inflow from site drainage canals and drain through a 

drainage canal to Little Creek Cove. 

Lake SmithtLittle Creek Reservoir drains into Little Creek Cove on an emergency basis. 

40.  Determine of sources  a r e  located in a I year, 10 year, 100 year, of 500 year  flood 

plain. 

Flood plain maps were obtained from the Federal Emergency Management Agency (FEMA), 

but do not include the Naval Facilities in Virginia Beach (see Exhibit 4-17). 

Flood plains were provided in the Master Plan for NAB Little Creek (see Exhibit 4-17). 

Site 7 - Portions of Site 7 are located within the 100-year flood plain. 

Site 9 - Site 9 is located within the 100-year flood plain. 

Site 10 - The site is located outside of the flood plain boundaries. 

Site 12- The site is located outside of the 500-year flood plain. 

Sites 11 and 13 -These sites are located in the 100-year flood plain 

4P. Discuss if fisheries(recreationa1 o r  commercial) exist in surface  water bodies 0 

t o  15 miles downstream of each source, and: 

There are both recreational and commercial fisheries in surface-water bodies 15 miles 

downstream and upstream (tidal influence) of the sites (CBP, 1988). The exact location of most 

of these fisheries were unable to be identifled. 



4P1. Describe annua l  production (in pounds)  of human food chain organisms (e.g., 

trout, shellfish, crabs) per  ac re  of surface water bodies 0 to 15 miles d o w n  

s t ream of each source. 

The quantity (pounds) of shellfish and finfish landed in 1989 for Chesapeake Bay are  

presented on Table 1 in Exhibit 4-18. Table 1 also includes the approximate surface areas of 

the waterbodies (determined with a planimeter), along with pounds per acre of surface water. 

4P2. Describe annual  production (in pounds) of human food chain organisms(e.g., 

trout, shellfish, crabs) per  ac re  of pond, lakes, bays, o r  oceans tha t  receive 

surface  water  dra inage from sources within 15 miles downs t ream of e a c h  

source. 

The quantity (pounds) of shellfish and finfish landed in 1989 for the Elizabeth River, Back 

River, Lynnhaven Bay, Lafayette River and James River (lower) are presented in Table 1 (see 

Exhibit 4-19). Table 1 also includes the approximate surface areas of the waterbodies 

(determined with a planimeter), along with pounds per acre of surface water. Refer to 

Exhibit 4-19 to determine the portion of the water bodies within the 15 mile area. 

4Q. Identify closed fisheries 0 to 15 miles downstream from the  sources. 

There are several closed fisheries (shellfish condemnation areas) within 15 miles downstream 

and upstream (tidal influence) of the sites (see Exhibit 4-20). The notices and descriptions of 

these areas are provided in Exhibit 4-20. 



5.0 AIR PATHWAY 

5D. Determine if sensitive environments a r e  within a 4 mile radius  of each  source. 

No Critical Habitats as defined in 50 CFR 424.02 were identified within a four-mile 

radius of the sites (see Exhibit 4-3) (50 CFR Sections 17.95, 17.96). 

* Federally endangered and threatened sea turtles may range as far north as  Virginia, 

but are not expected to nest in the region. These species include: the green sea turtle, 

hawksbill sea turtle; Kemp's Ridley sea turtle; and the leatherback sea turtle (RGH, 

1984) (see Exhibit 4-41, In addition, the following five species reside or breed in 

southwest Virginia but are not known to inhabit NAB Little Creek: Long's Bitter 

Cress (Cardamine Longii) (Vascular plant - Under review); Lilaeopsis carolinensis (no 

common name) (Vascular plant - Under review); Loggerhead Sea Turtle (Coretta 

corettu) (Reptile - Threatened); Southern Bald Eagle (Heliaeetus leucocephaius) 

(Resident Bird - Threatened); and Red-Cockaded Woodpecker (Picoides borealis) 

(Resident Bird - Endangered) (RGH, 1984) (see Exhibit 4-5). Also, several federally 

designated threatened (T) and endangered (El species have been identified a t  the city 

level, although their exact location could not be identified (see Exhibit 4-5) (Cline, 

1990) (USDI, 1990): 

1. Bald Eagle (El (Haliaeetus 1eucocephulu.s) 
(Virginia Beach York); 

2. Red-Cockaded Woodpecker (E) (Picoides borealis) 
(Virginia Beach); 

3. Piping Plover (TI (Churadrius melodus) 
(Virginia Beach); 

4. Northeastern Beach Tiger Beetle (T) (Cincindela dorsalis dorsalis) 
(Virginia Beach); 

5. Dismal Swamp Southeastern Shrew (T) (Sorex longirostris fisheri) 
(Chesapeake Bay 1; 

6.  Peregrine Falcon (FaLco peregrinus anatum (E) and FaLco peregrinus tundrius 
(TI) 

(Virginia Beach). 

@ The Virginia Department of Conservation and Recreation, Division of Natural  

Heritage, was contracted to conduct a rare, threatened, and endangered species study 



and Special Interest Areas (e.g., exemplary natural communities, animal congregation 

sites, etc.) study for the Little Creek Naval Amphibious Base (VaDCR, 1990). This 

study identified three state rare plant species and one rare animal species within a 

four-mile radius of the sites. These species include: Virginia beach pinweed (Lechea 

rnaritima oar Virginica); Bluejack oak (Quercus incanu); Spanish moss (Tillundsia 

usneoides); and, Least tern (Sterna antillarum). Refer to Exhibit 4-5 for a discussion of 

the species, and figures showing their location. Exhibit 4-5 also includes a listing of 

state rare, threatened and endangered species in the cities within a four-mile radius of 

the sites. 

No national parks have been identified within a four-mile radius of the sites. (see 

Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). 

No national monuments have been identified within a four-mile radius of the sites. 

(see Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). 

No national seashore or lakeshore recreational areas managed by the National Park 

Service have been identified within a four-mile radius of the sites (see Exhibit 4-6) 

(NPS, 1989a) (NPS, 1989b). There may be national seashore or lakeshore recreational 

areas managed by other agencies, however, none have been identitied. 

No federally designated scenic or wild rivers, or national river reaches designated as 

recreational have been identified within a four-mile radius of the s i tes  (see 

Exhibit 4-7) (NPS, 1989) (NPS, 1990) (SC, 1991). 

No state designated scenic rivers have been identified within a four-mile radius of the 

sites (see Exhibit 4-71 (VaDCR, 1989). 

A blue-crab (Callinectes sapidw) sanctuary is located in a n  area of the lower 

Chesapeake Bay, between Hampton Roads and the Chesapeake Bay Bridge-Tunnel 

(see Figure 3) (see Exhibit 4-8). 

Several species of fish are known to have spawning areas within a four-mile radius of 

the sites (CBP, 1987). They include, but are not limited to: Striped Bass (Morom 

saxatilis); Blue Crab (Callinectes sapidus) and Bay Anchovy (Anchoa rnitchilli). Refer 

to Exhibit 4-9 for maps showing habitat distribution. 



a No national preserves have been identified within a four-mile radius of the sites (see 

Exhibit 4-6) (NPS, 1989a) (NPS, 1989b). 

9 No national wildlife refuges have been identified within a four-mile radius of the sites 

(see Exhibit 4-3) (USDI, 1986a) (SC, 1988). 

a It was reported by the VA Department of Game and Inland Fisheries that Virginia 

does not have state wildlife refuges. Instead, they have wildlife management areas 

(see Exhibit 4-10). No wildlife management areas have been identifled within a four- 

mile radius of the sites (see Exhibit 4-10) (DeLorme, 1989). 

@ No designated federal wilderness areas were identified within a four-mile radius of the 

sites (see Exhibit 4-11) (WS, 19891 (SC, 1990). 

0 No state designated natural area have been identified within a four-mile radius of the 

sites (see Exhibit 4-12). 

The Virginia Department of Conservation and Recreation, Division of Natural 

Heritage, was contracted to conduct a rare, threatened, and endangered species study 

and Special Interest Areas (e.g., exemplary natural communities, animal congregation 

sites, etc.) study for the Naval Amphibious Base Little Creek (VaDCR, 1990). This 

study identfied four Special Interest Areas within a four-mile radius of the sites. 

These areas include: Chub Lake Special Interest Area; East Dunes Special Interest 

Area; West Dunes Special Interest Area; and Little Creek Channel Special Interest 

Area. Chub Lake and East Dunes are ecological reserve areas, West Dunes is a 

botanical area, and Little Creek Channel is an  endangered and threatened species 

area. Refer to Exhibit 4-5 for a discussion of the areas, and figures showing their 

location. 

0 No sensitive areas identified under the Near Coastal Waters Program have been 

identified within a four-mile radius of the sites (see Exhibit 4-13). 

No sensitive areas identified under the National Estuary Program have been 

identified within a four-mile radius of the sites (see Exhibit 4-13). 



The Coastal Zone Management Act is managed by the Council on the Environment 

(COE) a s  Virginia's Coastal Resources Management Program (VCRMP) in the 

Commonwealth of Virginia. The VCRMP coordinates the activities of the agencies 

that enforce the regulations in the coastal areas. An overview of the program is 

provided as  Exhibit 4-13. The VCRMP does not identify specific areas of concern; 

rather it identifies general areas of concern. These include the following: 

Wetlands; 

Subaqueous Lands; 

Spawning, Nursery and Feeding Grounds; 

Coastal Primary Sand Dunes; 

Barrier Islands; 

Significant Wildlife Habitat Areas; 

Significant Public Recreation Areas; and, 

Signscant Mineral Resources Deposits. 

As is  discussed in this report, wetlands are located within a four-mile radius of the sites. 

5E. Determine the total area of wetlands within a 4 mile radius of each source. 

From a review of the USGS 7.5 minute topographic maps, the Tidal Marsh Inventories 

prepared by the Virginia Institute of Marine Science and the National Wetlands Inventory 

(NWI) Maps Atlas, much of the water bodies within a four-mile radius of the sites, contain 

wetland frontage (Silberhorn, 1987) (Barnard, 1979) (USDI, 1986b). Because of the large 

number of wetland areas, only the larger wetlands (>3-5  acres) were plotted on Figure 3. 

Refer to Exhibit 4-20, which contains the appropriate pages from the Tidal Marsh Inventories 

and the NWI Atlas. The total area of wetlands within a four-mile radius was estimated as  

greater than 500 acres from the tidal marsh inventories and NWI maps. 



6.0 SOIL EXPOSURE PATHWAY 

6D. Determine if any of the following areas are located near of within an area of 

soil contamination within 2 feet of the surface and provide the number of 

individuals within each area: 

The only known areas that have soil contamination within 2 feet of the surface occur within 

the facility site boundaries. However, no data a re  available to confirm this. 

6D4. Within boundaries of a terrestrial sensitive environments. 

No terrestrial sensitive environments have been identified within a four-mile radius of the 

sites, therefore, they are  not located or within a n  area  of soil contamination within 2 feet of the 

surface (see section 5D). There are, however, some state rare plant and animal species within 

a four-mile radius of the site. Locations of soil contamination within two feet of the surface 

was not available, therefore, this section could not be completed. 



7.0 DATA LIMITATIONS 

The search for information has uncovered many sources of data which served to provide the 

required information for the HRS deficiency checklists. However, some of the requested 

information was not immediately available and will require additional investigation or time 

until the information is received by Baker. As the information is received or  becomes 

available, i t  will be inserted into the final report. 

The following information is not available, or has not yet been received. 

e Information regarding one-year and ten-year flood plains that has been requested 

from the Federal Emergency Management Agency (FEMA) is not published or  

available. 

@ Population served by drinking water, checklist item 4E1. 

@ In regard to Figures 1, 2 and 3 (back cover), the title blocks will be included for the 

final report. 

@ Information on the location of soil contamination within two feet of the surface was not 

available, therefore, it could not be determined whether endangered species a r e  

located within that area. 

Data reviewed after submission of this report will be forwarded for inclusion in this document. 
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EXHIBIT 2-1 



HRS Scoring Deficiency Checklist Coversheet 

Naval Amphibious Base Little Creek/USN Narai Air Base, Virginia 

The source, of information EPA reviewed to complete the attached deficiency checklist include: 

- United States Environmental Protection Agency. Notification of Hazardous Waste 
Site. June 1 1 ,  1981. 

- Rogers, Golden and Halpern. Initial Assessment Study Naval Amphibious Base, 
Little Creek. December 1984. 

- A.T. Kearney. Revised Phase 11 RCRA Facility Assessment Report. March 1989. 

- CH2M HILL. HRS Scoring Sheets. April 4, 1988. 

In cases where information was provided to EPA but is not acceptable, EPA has provided an 
explanation below. The number and the letter adjacent to the explanation corresponds to the 
number and the fetter that appears on the HRS Scoring Deficiency Checklist. 

The sources are not located on a map of the facility. A scale should be included 
on the map. 

Releases of hazardous substances, pollutants, or contaminants to ground water, 
surface water, soil, and air are described. No sample results indicating a release 
are provided. 

The quantity of spills and the concentration of hazardous substances contained in 
the spill are not provided. 

Additional evidence is needed to support the existence of aquitards (pump tests). 

Additional evidence is needed to determine if the uppermost aquifer and the 
aquifer within 2 miles of each source are inrerconnected. 
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HRS SCORISG DEFICIEKCY CHECKLIST 

EPA ID# \ l h  . ~ ~ ~ o o L z ~ $ ~ ? z L  
Federril Facility ID* ? 17 f iO7 .Z  Z 
F a c i l i ~ .  Name ,4m nhy'hH,ouJ Z a s c  

I 

City 

INFORMATION IS 
PROVIDED? ACCEPTABLE? 

m xm 
OVERVIEWISITE HISTORY 

I A .  Reports subm~r red to E P A  arc referenced and copies of 
each reference are provided. N A 

I 8. Describe sire onerations (manufacturing, storage, waste 
disposal practices, etc.) including rhe following: 

I B i  History of the site and sources (any area containing 
or potentially containing hazardous substances). + Y 

3 A topograph~c map showing a 4-mile radius around 
each source. L 4L 

I TI3 A sire and source location map and sketch, Y L 
I134 Regul3rory history of the facility (i.e., RCRA 

facility. CERCLA, SPDES permits, etc.). 
.A- d 

IC Orscribe a n y  emergency or response actions that have 
occurred a t  the site. Description should include amount of 
m31~r131s removed, disposal location, and sample analytical 
results prior and subsequent to removal. -4L .  /k' 

I i3. Describe any rtqleases of hazardous substances, pollutants, or 
con~arninants to ground water, surface water, soil, or air 
and provide sample analytical results, 4- f f  

I 
i E. G i b c  rhe following populations within each radii indicated 

belo-. The center of  the  radii should begin at the center of 
each source. Overlapping areas (populations) within the  
radii should be counted only once. N 
1 E i .  0 -  1/4rnile 
lE2. 1 / 4 -  I /Zmile  
3 1/2 - I mile 
1E4. I - 2 mile 
5 2 - 3 mile 

* W h e r e  1nform2r1on is provlded bul not acceptable, see attachment for a detailed explanarion o i  why the 
information is not acceptable. 
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INFORMATION IS 
PROVIDED? ACCEPTABLE? 

Y/N m 

IF. Describe any prior spills (e.g., quantity of the spill, 
concentration of hazardous substance) that occk -red a t  the 
site. 

. I  G. Describe site and source security (e.g., fences, patrols, gates, 
etc.). 

1 -. WASTE/SOURCE INFORMATION (see Section 2 of the HRS 
Final Rule - December 1990 Federal Register) 

2A. Describe as specifically as possible the types of wastes 
produced at the site and  the methods in which these wastes 
were treated, stored, o r  disposed. 

2B. Describe as specifically as possible the amount (volume, 
weight. etc.) of each waste type produced at the site. 

2C. Describe each source type (eg.. landfill) located on the  
facility boundary. 

2D, Describe as specifically as possible the constituents 
(concen~rarions of individual constituents) of each waste 
type disposed in each source. 

2E. Describe as specifically as possible the amount of waste 
treated, stored, or  disposed in each source (eg., landfills, 
impoundments, tanks). 

2F. Determine the depth at which wastes were deposited in each 
source. 

2G. Describe as specifically as possible the conditjon/integrity 
of each source (e.g., are landfills equipped with liners o r  
caps). 

2 H .  Describe any secondary containment features/structures 
associated with each source (e.g., precipitation run-on and 
run-off systems. leachate collection systems. gas collection 
systems). 

21. Describe the size. volume. capacity, and area of each 
source. 

3. GROUNDWATER PATHWAY INFORMATION (see Section 3 of 
the HRS Final Rule - December 1990 Federal Register) 

3A.  Determine if the ground water within a 4-  mile radius of 
each source is used for  any of the foliowing purposes and  
locate the wells on a 4-mile radius map. The  center  of the 
radii should begin at the center of each source if the source 
is small or at the outer edge of the source if it is large. 

* %'here information is provided but not acceptable, see attachment for  a detailed explanation of why the 
informarion is not acceptable. 

Revhion Date: 12/24/% 



Faciiil: Name: ;q u / , , ~ ~ l \ ; b ; ~ ~ r  %a- 

3A I. private or  public drinking water source 
3A2. irrigation of commercial crops (include acres) 
3A3. commercial livestock 
3A4. commercial aquiculture 
3A5. industrial 
3A6. not used, but usable 
3A7. unusable 
3A8. water for  recreational area 
3A9. stand-by wells used for  drinking water a t  least once 

a year 

Outline the public water distribution system within a 4- 
mile radius of each source on a topographic map. 

Identify the nearest dr inking water well. 

Determine the population (including workers, students,  and 
residents) drawing f rom each drinking-water well within 
the following radii. T h e  center of the radii should start  at  
the center of each source if the source is small o r  a t  the 
outer edge of the source if i t  is large. Count.over1apping 
areas only once. 

3C1. 0 - 1/4 mile 
jC2.  1 /4 - 1/2 mile 
3C3. I /2  - I mile 
3C4. 1 - 2 mile 
3C5. 2 - 3 mile 
3C6. 3 - 4 mile 

Describe known or probable ground-water flow direction 
from each source. 

Describe, as precisely as possible, the geology and  
hydrogeology of the sire area (including geological 
formatron name. thickness, types of material, hydraulic 
conductivities, and depth to aquifers). 

Discuss any evidence of aquitards and  discontinuities 
between aquifers within 4- miles of the sources. 

Describe any evidence of interconnections between the 
uppermost aquifer and aquifers within 2- miles of each 
source. 

Estimate annual net precipitation at the site. 

Discuss soil or  geologic conditions that might inhibit  or  
facilitate ground-water migration. 

Page 3 of 7 

INFORMATION IS 
PROVIDED? ACCEPTABLE? 

Y/N X E  

Where information is provided but not acceptable, see attachment for  a detailed explanation of why the 
information is not acceptable. 

Revirion Date: 12 j26IW 



3K.  Identify if any underlying aquifers are  'sole source" as 
designated by Section 1424(e) of the Safe Drinking Water 
Act. 

3L. Determine if sources are located in an  area of Karst 
topography. 

3M. Provide ground-water sample analysis results from aquifers 
underlying the sources and from homewells (drinking wells) 
within 2- miles of each source. 

3N. Determine if any areas within a 4-mile radius of each 
source is located in a Wellhead Protection Area according to 
Section 1428 of the Safe Drinking Water Act. 

4 .  SURFACE-WATER PATHWAY INFORMATION (see Section 4 of 
the HRS Final Rule - December 1990 Federal Register) 

4 ~ .  Describe surface-water bodies 0 to 15 miles downstream of 
the sources and provide a map of surface-water bodies 
receiving drainage from each source. 

4B. Discuss the probable surface runoff pattern from each 
source to surface waters. including the distance to the 
nearest surface water body and provide a map. 

4C. Describe the points at each source where hazardous 
substances begin to migrate and their probable point of 
entry into a surface- water body (including ponds, lakes, 
streams, etc.). 

4 D. Identifv if surface water drawn from intakes within 15 
miies downstream from the probable point of entry is used 
fo r  any of the following purposes: 

4D1. irrigation (5-acre minimum) of commercial food 
crops o r  commercial forage corps 

4DZ. watering commercial livestock 
4 0 3 .  ingredient in commercial food 
4D4. major or  designated water recreation area, excluding 

drinking water 

4E. Identify the following targets associated with surface- 
water bodies 0 to 15 miies downstream of the probable 
point of entry: 

4E1. population (residents, workers, and students) served 
by intakes of drinking water 

4E2. sensitive environments (see Table 4-23,  December 
1990 Federal Register) and critical habitats of a 
federally endangered species 

4E3. economically important resources (e.g., shellfish) 

INFORMATION IS 
PROVIDED? ACCEPTABLE? 

XfE Y/PJ. 

* U'here information is provided but not acceptable, see attachment for  a detailed explanation of why the 
information is not acceptable. 

R.rLion Dak: 12 /2e/w 



4E4. portions of  the surface water designated by a state 
for drinking water use under Section 305(a) of the 
Clean Water Act and portions of surface water 
usable for  drinking water 

Determine the miles of wetlands (wetland frontage) along 
surface-water bodies 0 to I5 miles downstream f rom the 
probclble point of entry. 

Provide sample analytical results obtained from wetlands 
and/or sensitive environments 0 to I5 miles downstream of 
the sources. 

Discuss any qualitative, quantitative. or circumstantial 
evidence of contamination of surface waters from sources. 

Provide sample sediment and surface-water analytical 
results from points 0 to 15 miles downstream of each 
source. 

Provide sample analytical results from surface-water intakes 
from 0 to 15 miles downstream of each source. 

Estimate the size of the upgradient drainage area f rom each 
source. 

Determine the 2-year, 24-hour rainfall for the site. 

Discuss the average annual stream-flow associated with each 
surface-water body from 0 to I5 miles downstream of  each 
source. 

Determine surface soil types within the site area. 

Determine if sources are located in a 1 year, 10 year, 100 
year, or 500 year flood plain. 

Discuss if fisheries (recreational or commercial) exist in 
surface- water bodies 0 to 15 miles downstream of each 
source, and: 

4 P l .  Describe annual production (in pounds) of human 
food chain organisms (e.g., trout, shellfish, crabs) 
per acre of surface-water bodies 0 to 15 miles down 
stream of each source. 

4P2. Describe annual production (in pounds) of human 
food chain organisms (e.g.. trout, shellfish. crabs) 
per acre of pond. lakes. bays, o r  oceans that receive 
surface-water drainage from sources within 15 miles 
downstream of each source. 
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INFORMATION IS 
PROVIDED? 

m 

U ' h e r ?  information is provided but not acceptable, see at tachment  for  a detailed explanation of wh3' the 
information is not acceptable. 
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INFORMATION IS 
PROVIDED? ACCEPTABLE? 

Y D  X E  

JQ. Identify closed fisheries 0 to 15 miles downstream from 
sources. 

4R. Provide tissue samples from human food chain organisms 
(fisheries) in surface- water bodies 0 to 15 miles downstream 
of sources and in ponds, lakes, bays, and streams that 
receive drainage f rom the sources. 

5. AIR PATHWAY INFORMATION (see Section 6 of the HRS Final 
Rule - December 1990, Federal Register) 

5A. Describe if there has been an  observed release of a 
hazardous substance to the atmosphere. 

5B. Determine the shortest distance to the closest residence or  
regularly occupied building or area f rom any on-site a ir  
emission source. 

5C. Determine if any of the following resources are  located 
within a I -mile radius of each source: 

5Cl. commercial agriculture 
5C2. commercial silviculture 
5C3. recreation area 

5D. Determine if sensitive environments are  within a 4-  mile 
radius of each source. 

5E. Determine the total area of wetlands within a 4-mile radius 
of each source. 

6. SOIL-EXPOSURE P A T H W A Y  (see Section 5 of the HRS Final 
Rule - December 1990, Federal Register) 

6 A .  Describe any areas of contamination that are within 2 feet 
of the ground surface and provide the total area of 
contamination. 

6B. Provide sample analytical results and  depths of soil samples 
obtained in the contaminated area. 

6C. Describe the measures taken to limit access to areas with 
soil contamination within 2 feet of the surface (e.g., fences, 
guards, etc.). 

6D. Determine if any of the following areas are located near or  
within an area of soil contamination within 2 feet  of the  
surface and provide the number of  individuals within each 
area: 

* 'A'here information is provided but not acceptable, see attachment for  a detailed explanation of why the 
information is not acceptable. 
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INFORMATION IS 
PROVIDED? ACCEPTABLE? 

m Y/N. 

6D1, within the property boundary of residence. schools, 
or day  care centers or within 200 feet of the 
respective residence, school or day care 

6D2. within a work place property boundary or  within 
/"f iJ 

200 feet of the work place area 
6D3. within boundaries of commercial agriculture, 

L 
N 
2 

silviculture, o r  livestock production (grazing) area 
6D4, within boundaries of a terrestrial sensitive 

v 
environments (see Table 5 - 5 ,  December 1990 
Federal Register) 

6E. Provide number of individuals who live, work, or  attend 
school within 0- to 1/4-mile, 1/4- to 1/2-mile, and 1/2- to 
I -mile radius of soil contamination within 2 feet of the 
surface. N h 

* H1here information is provided hut not acceptable, see attachment for  a detailed explanation of why the 
information is not acceptable. 

Revision Date: l f  /20/90 



EXHIBIT 3-1 



Department of Utilities 

April 16, 1991 

Jeffrey S. Laskey 
Chemical Engineer 
Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

Re: Request for information on the Norfolk Water Distribution 
System for a Department of Navy study 

(our file 10.7) 

Dear Mr. Laskey: 

The enclosed materials are provided to you in response to your 
letter of March 29, 1991. Some of the material related to 
groundwater is excerpted from the U.S. Geological Survey report 
Hydroqeoloqy and Analysis of the Ground-Water Flow System in the 
Coastal Plan of Southeastern Virsinia. You may wish to contact 
Mr. Gary Anderson, U.S.G.S office in Richmond, Virginia (804- 
771-2427) for further information on the on-going studies of 
groundwater in southeastern Virginia. 

Also, the cities and counties within southeastern Virginia 
participate in regional studies through cooperation with the 
Hampton Roads Planning District Commission, a regional planning 
body. Several of the maps of the waters and watersheds of 
southeastern Virginia are from the ~esional Stormwater Management 
Strateqv for Southeastern Virsinia, prepared by the HRPDC. You 
may want to contact Mr. John Carlock, Chief Physical Planner for 
further information. 

Please let me know if we can be of further assistance. 

Sincerely, 

Neal S. Windley I 

Director 

Attachments 

Office of the Director 
31 0 Cumberland Street P.O. Box 1 080 Norfolk, Virginia 23501 



Norfolk Department of utilities response to request from Baker 
Environmental, Inc. (March 28, 1991) for information on the water 
distribution system of Norfolk. 

(1) see attached description of the Norfolk Water Supply system 
and areas served. 

(2) see attached map indicating water sources. 

(3) see attached maps showing: The waters of southeastern 
Virginia, the watersheds of southeastern Virginia, and 
description of the Norfolk Water Supply System. 

(4) See attached description of the wells used by Norfolk 
Utilities, and their specifications including depths. Also see 
attached excerpts from the U.S.G.S. Hvdroueolosv and Analvsis of 
the Ground-Water Flow Svstem in the Coastal Plain of Southeastern 
~irqinia describing the confined aquifers within the coastal 
plain of Virginia. The report in its entirety (87-4240) is 
available from the U.S.G. S. office in Richmond, Virginia (Gary 
Anderson, 804-771-2427) and includes specifics about aquifer 
hydraulic conductivity, porosity, transmissivity, hydraulic 
gradient, confining layers, etc. 

(5) see description of the Norfolk Water Supply System. Mixture 
of surface and groundwater is influenced by drought conditions 
which necessitate the use of emergency wells. 

(6) The Norfolk water distribution system supports the 
populations of Norfolk, Virginia Beach and a portion of 
Chesapeake, totaling approximately 750,000 people. 

(7) The water drawn from intakes is used primarily for Norfolk 
domestic use and to support our wholesale customers which include 
U.S. Navy facilities, and residents of Virginia Beach and 
Chesapeake. It should be noted that there are numerous private 
shallow wells throughout southeastern Virginia which are used for 
swimming/recreation, and for irrigation (crops and lawns). 
Further information on these privately owned shallow wells can be 
obtained from the State Water Control Board in Richmond and from 
the U.S.G.S. office in Richmond. 



The portions of the Ì or folk watershed are described as follows: 

(I) the portion of the watershed of the city situated in the 
City of Norfolk know as Lake Wright, said lake being three (3) 
small, interconnected lakes or ponds known collectively as Lake 
 right; and the waterworks property owned by the city of Norfolk, 
adjacent thereto, known as Moores Bridges Pumping Station; 

(2) The portion of the watershed of the city of Norfolk in 
the City of Virginia Beach, Virginia,known as the eastern arm of 
Little Creek Reservoir; and within the portion of the watershed 
of the City of Norfolk situated in the City of Virginia Beach, 
~irginia, known as Van Wyck Canal, and the system of canals 
connecting the eastern and the western arms of Little Creek 
~eservoir, known as the Eastern Arm of the Little Creek 
Reservoir. 

(3) The portion of the watershed of the city situated in 
part of the City of Virginia Beach, Virginia, and in part in the 
City of Norfolk, known as the western arm of Little Creek 
~eservoir, also known as Lake Whitehurst, and in the City of 
Norfolk, known as Denny's Canal, also known as the canal to Lake 
Wright, and the system of canals and lakes connecting Lake 
Whitehurst and Lake Wright, known as the Western Arm of the 
Little Creek Reservoir 

(4) The portion of the watershed of the city situated in the 
City of Virginia Beach, Virginia, known as Lake Smith Reservoir; 

(5) The portion of the watershed of the city situated in 
part in the City of Chesapeake, Virginia, and in part in the City 
of ~irginia Beach, Virginia, known as Stumpy Lake Reservoir; also 
known as North Landing Reservoir; 

(6) The portion of the watershed of the City situated in the 
City of Virginia Beach, Virginia,known as Lake Lawson Reservoir; 

(7) The portion of the watershed of the city situated in the 
City of Suffolk, Virginia, known as Western Branch Reservoir; 

(8) The portion of the watershed of the city situated in 
part of the City of Suffolk, Virginia, known as Lake Prince 
Reservoir; 

(9) The portion of the watershed of the city situated in 
part in Isle of Wight County, Virginia, known as Upper Lake 
Prince Reservoir; 

(10) The portion of the watershed of the city situated in 
part in the City of Suffolk, Virginia, and in part in Isle of 
Wight County, known as Lake Burnt Mills Reservoir; 



. - 

NORFOLK WATER SUPPLY SYSTEM . 

A diagram of t he  C i ty  of Norfolk's drinking water sources il 
shown i n  Figure 1. The c i t i es  of Chesapeake, Norfolk, and 
Virginia Beach are suppl ied  wi th  drinking water produced a t  
Norfolk's Moores Bridges and 37th S t r e e t  water t reatment 
p lan t s .  Raw water  i s  obta ined from a combination of severa l  
sources. Lake Burnt M i l l s ,  Lake Prince, and Lake Western 
Branch a r e  known c o l l e c t i v e l y  a s  the  Western Lakes and serve 
a s  Norfolk's main raw watser source, Water from the  
Blackwate,r and Nottoway Rivers and from four deep wel l s  i n  
the Western Lakes a r ea  is pumped i n t o  the  Western Lakes 
during periods of h igh water  demand. Lake Wrighc is another 
waret source, which is used t o  supplement the  Western Lakes 
source. 

The 37th S t r e e t  p l a n t  i s  t h e  smaller  of the  two water  
treatment plancs. I t  can process approximately 30 mgd and 
i s  served by two 36-inch l i n e  from the  Western Lakes. The 
capacicy of the  Moores Bridges p l a n t  i s  77 mgd, which is 
drawn through m a  48-inch l i n e s  from the  Western Lakes. 
Lake Wright water is  gene ra l ly  t r ea t ed  independently of 
Wescern Lakes water  i n  t he  number 7 and 8 bas ins  a t  Moores 
Bridges, but i t  is a l s o  used co supplement rhe  flow i n  
basins 1-6 on occasion, 

Reservoir c a p a c i t i e s  of t h e  Western Lakes a r e  approximately 
3.4, 3 -7 ,  and 6 -0  b i l l i o n  ga l lons  f o r  Lakes Burnt M i l l s ,  
Pr ince,  and Western Branch, respect ively ,  Pump s t a t i o n s  on 
the  Blackwater and Notroway Rivers (nominal capaci ty  4 8  mgd) 
a r e  ac t ivated when the  r e se rvo i r s  drop below 9 7  percent  
capacity.  Discharge from the r i v e r s  encers Lake Pr ince  and 
flow f r o m  the r i v e r  sources  can replace the e n t i r e  volume of 
Lake Prince i n  about 100 days a t  average, summer-pumping 
r a t e s .  A s e r i e s  of four  deep w e l l s  ( t o t a l  capaci ty  16 mgd) 
i n  the v i c i n i t y  of t h e  Western Lakes can be ac t iva t ed  i f  
rese rvo i r  l e v e l s  drop below 70 percent capacity.  Three of 
the  four wel l s  d ischarge  t o  Lake Prince,  the ocher ( W e l l  113) 
discharges t o  Lake Burnc M i l l s ,  U s e  of the w e l l s  i s  avoided 
when poss ible  because the groundwater has a high phosphorus 
content. Norfolk's in-town water source, Lake Wright, has a 
2 -b i l l i on  ga l lon  storage capac i ty  



NORFOLK SYSTEM WATER SUPPLY 



FIGURE I 

THE WATERS OF SOUTHEASTERN 
VIRGINIA 



PREPARED BY SVPDC 1989 
SOURCE: Baldwin and GrcgplHannmgron. Durham and Richardson. 
Reqional Storm Drainaae Bacm Sludv - Phase 1, 1974 

- MAJOR WATERSHEDS - THIRD-ORDER DRAINAGE 8ASIN 

0000 SVPDC ORAlNAOe 8ABIN COO# 

FIGURE 2 
MAJOR WATERSHEDS 

SOUTHEASTERN VIRGINIA 



FIGURE 3: 
ECOLOGICAL ZONES IN THE LOWER CHESAPEAKE BAY, 

HAMPTON ROADS AND THE LOWER JAMES RIVER 

PREPARED BY SVPDC 1989 
SOURCE: Roberts. M.H.. Jr. et at. The Chesapeake Bay: A Studv of Present and Future Water Quality 
and its Ecoloqical Effects, Volume I!. (Gloucester Point. Virginia: VIMS). 
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WELL SITE AT LAKE BURNT MILLS # 3 
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EXPLANATION 

A f CONFINING UNIT AQUIFER a BASEMENT 
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Figure  2.- Hydrogeologic section A - A '  ( location of section line shown 
in f igure  1 ) .  

CONFINED AQUIFERS 

The Coastal  P l a in  of V i rg in i a  c o n s i s t s  of an eastuard-thickening sedimentary 
wedge of uncooeolidated, in te rbedded  sand and c l a y ,  ranging In age from Early 
Creraceoue t o  Holocene. These sediments range in  th ickness  frola more than 
6 , 0 0 0  f e e t  beneath the no r theas t e rn  p a r t  of the Eastern Shore Peninsula  t o  a 
f e a t h e r  edge at the F a l l  Line. E igh t  confined a q u i f e r s ,  e i g h t  conf in ing  
u n i t s ,  and an upper water- table  a q u i f e r  de f ine  the hydragealogic framework of 
t h e  Coastal  P la in  sediments i n  V i r g i n i a  (Meng am1 H a r ~ h ,  1984).  The nine 
a q u i f e r s ,  from youngest t o  o l d e s t ,  a r e  the Colblmbia, Yorktom-Eastover,  
St .  Harys-Choptank, Chickahominey-Piney Po in t ,  Aquia, Brightr;e:it, and upper, 
middle ,  and lower Potomac. As t he  Columbia aqu i f e r  is uwonf lned throughout 
t h e  Coastal  P la in  of V i r g i n i a ,  withdrawal da t a  Erotn the a q u i f e r  a r e  not 
inc luded  in  this study. The S t .  Marys-Choptank a q u i f e r  is not pene t r a t ed  by 
any wells i n  t he  Virg in ia  Coas t a l  P l a i n ,  and the re fo re  is not included i n  
l a t e r  discussions.  This r e p o r t  fol lows t h e  same hydrogeologic framework a s  
desc r ibed  i n  Harsh and Laczniak (1987) which combines the  Br ightsea t  and upper 
Potomac aquifers. The hydrogeologic s e c t i o n  i n  f i g u r e  2 s h o w  t h e  component 
a q u i f e r s  i n  the s tudy a r e a  wi th  a q u i f e r  desc r ip t iona  and hydrologic  charac- 
t e r h t i c s  summarized i n  t a b l e  1. The fol lowing d e s c r i p t i o n s  f o r  each a q u i f e r  
a r e  summarized from Meng and Harsh (1984). 



Tqble 1 . 4 e s c t l p t l o n  and hydrologic c h a r a c ~ l s ~ l c s  o f  the conflned aqulfers o f  the Qasta l  P la ln  o f  VlrgInla 
* .  tgal/mln, gallons. pec minutel 

Aqul far nane and descr lpt lon t t yd ro l q l c  chacac)erlstlcs 

Yorktown-Eastova aqul far: Sand unnonl  y 
shel ly ;  Interbedded 4 t h  s l l t ,  clay, shel l  
beds, and gravel. She1 lo*, embayed m a r  lne 
I n  oclgln,  depcnlt lon resul ted In  In* 
f lnger lng naa-store deposlts f ran m a l n e  
t rsnsgiess lom.  

S t e  Mwys-Choptank aqul fer: Sand, v a y  
f l ne  to flna, s l l t y  and clayey. Inter- 
bedded wlth s l l t y  clay; conflned, 
r;es)r;icted to natheastetin area. h a 1  to*, 
embayed m a  lne shelf ,  sediments resut t o f  
d e l t a  but (dlng )o nxth. 

CblckahomIny-Pfnsy Fblnt  aqul f w :  Sand, 
ntaddately g f a u c ~ l l t l c ,  shelly; Infer- 
bedded wl th  s l l t ,  clay, and thin,  
lndu'afvd she l l  beds. Shallo*. Inner' 
a a l n e  shelf  I n  cdlgln,  depos t t lm r iesutt  
o f  m d h e  transgression. 

Aaul a aqul fe f  : Sand, glauconlt lc, she) )y; 
*bedded dtfi *In, lndda-bd shet l  

. . and s l l t y  c l ay  Intervals. Shaf lw,  
l n n d  to mlddfe w l n e  shelf I n  oclgln,  
deposft lon r e s u l t  o f  m d  lne ttcansghesslon. 

Br' lghtseal-upper bfomac aqul fed: Sand, 
v d y  f lne to  Aedlun, mtcaceous, I l gn t t t c ,  
and clayey; lntkbedded wfth s t l t y  clays; 
conflned, r es fE?cbd  to cenMaf and 
eastecin aleas. Shallow, estuaEtne and 
nsa-shore mdlne, sedlments f iesult of 
f l r s t  mdor m a  lne Inmdatlon o f  
Wataceous deltas. 

Mlddte hfanac aqul f&: Sand, f l n e  to 
c d w ,  oocasfonsl gravels; Interbedded 
n l t h  s l l t y  clays; generally conflned, 
unconflned I n  outclop ahas  o f  Wttr 
we&n Coastal PI afn and mqjw +#ern 
va l  Ieys n e d  F a l l  Line. F l w l a l  In 
o r l g l n ,  sedlments Eesult  o f  de l ta l c  
deposlt lon. 

L a d  F b h a c  agut for: Sand, medltn 
t r  . ry  c d s e ,  end gdavels, clayey; 

a l l y  conflned, unconflned ca!y fn  
nw-fhwestern sea o f  Coastal Pl aln. 
FI w l a l  I n  &lg?n, sedlments Eesult o f  

Mul t l aqu l  fer m l t .  Most1 y conf lned, uncoh 
f lned tpdlp I n  outcrop areas. Thickness 
dependent on a l t l t l d e  o f  land swface. 
Hlghest y le lds I n  W S ~ W ~  aeas, t h l n  to 
mlsslng I n  *6shwn asas. Wafer I s  usually 
herd and o f  a blcabonate type. Salty w a k  
I n  lower p a r t o f  agulter I n  eastern aeas. 

Mul t l a q u l  fer m l t .  Res t r l chd  to s\bsvface. 
Not u t l  1 lzed because o f  hlgh chlocldes and 
d l  JSOIV~ 301 Ids* 

Impcdtant aqul fer' In  centrial Cbastal Plaln; 
s l pp t l es  moderafe to \ a g e  amounts f d  
danestlc, m a l l  Indusfr fal ,  and uafen srppllens. 
W a M  1s so f t  to hard and of a ca l c l ubsod luw  
b lcwbonate )ype and generally of good 
qua1 l t y .  Aqul fer misslng I n  * e M n  &ease 

I m p d t s n t  aqul f d  In  d t h & n  two-thlhds o f  
Coastal Pl aln; scppl les moddate a o m t s  f d  
danestlc, small lndustrllaf , and watw! s q p f  I d s .  
WaW l s  wua f l y  s o f t  and of a sodtun-blcdbonah 
type, w l t h  hlgh lion, sul f lde, and hddness 
loca l l y .  Aqulfei mlsslng I n  eas tdn  aleas. 

M u f t l a q u t f d  m l t .  R s d l c t e d  )o S&S+ 

face, and s q p l  tes second l a g e s t  mom+ o f  
ra te r .  Wafw I s  usustly s o f t  and o f  a 
sodlun-chlortde-btca'bonah fype w l t h  hlgh 
chfor ldes tn  eastern seas. 

20-250 1,000 Mult laqu? fer; m l t .  Suppf les l d g e s t  a o m t  
o f  water. WateC I s  usually moderately hard 
and o f  a sod t u n - c h l o r l d ~ b t c s b o n a h  type, 
w l t h  h lgh c h l a l d e s  I n  the eastern hal f .  

Mu?tlaqut fe r  m l t .  Supp? Ies t h l r d  largest 
amornt o f  w d d .  Wafer I s  s o f t  t o  very har+d 
and o f  a sodlorchlwlde-blcabonate type, 
wl th  hlgh chlor ides I n  the eastern hal f .  
Th l ckes t  o f  a l l  aqul fers. 
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Figure I . - -  L o c a t i o n  a n d  e x t e n t  o f  s tudy  a rea .  
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Table 2.--0escrlptlon o f  squ l fe rs  and we l l  y te lds  I n  -1 area 
~ v a l u e s  I n  ga l lons  par  mlnute j  

- 

Well Y l e l d  
bmnon Hay 

Aqu i fe r  n m  and dsscr lp t lon  range exceed General remarks 

C o l l d l a  aqul fer :  Sand and ravel, c m n l y  
c l a m ;  l n t r r b M  w l t h  s l ? t  and c lay  
F l u v i a l  t o  martrw I n  o r l g ln ;  dapos t t l o i  
r e r u t t a d  I n  t r r raco-type d w o s t t s  froa 
vary iag  P l r l s t o c a m  s a  levels. 

Yorktnwn-Eastaver aqul fer :  Sand, conon1 
shelly; lntarboddod w l t h  s i l t ,  clay, she l l  
beds. and gravel. Shallow, smbayed martfm 
l n  o r l  In; dsposl t lon resu l  td i n  l n t r r -  
flngu!ng nu r - sho re  daposlts fm mr ln  
transgress tons. 

Chlcltahomlny-Plney Potnt  aqul f o r :  Sand, 
noderatel  g lauconl t ic ,  shel 1 . I n t e r -  
b . ~ . d  w t L  s i l t ,  clay. and A n .  
Indurated she l l  beds. Shallow, Inner 
marl- she l f  I n  or lg ln ;  deposl t lon r e s u l t  
o f  marlne transgrasslon. 

Aqula a l f e r :  Sand, g lauconl t lc ,  shelly; 
lntrrb%d.d w l t h  th ln .  l n d r r a t d  she l l  
beds and s t l t  c l ay  in terva ls .  Shallaw, 
lnner t o  mlddye marlne she l f  I n  o r l g tn .  
deposl t l o n  r e s u l t  o f  8ar i rw transgrassion. 

Peedea aqu t f e r :  Sand, glauconl t i c  and 
shel 1 y; Intertsedded w l  t h  dark. mlcacsour 
s l l t  and c lay.  Near-shore nar lne  In 
orlgln.; degosi t lon resu l ted  from L a t r  
Cretaceous m r l n a  transgrasslon. 

V1 l r l a  Beach aqul fer :  Sand. f lno- to 
m 3 - g r a t n d  laucon1tlc. mtcacmus, 
and l t g n t t l c ;  in?erbed&d w i t h  t h l n  c l ay  
layers  and Inchrated zones. Shallow, 
Inner m r l n e  she l f  I n  or tg ln ;  deposl t lon 
r e s u l t  o f  mrlnm transgrasslon. 

Upper Potomac aqul fer :  Sand, very f l n e  to 
medlm. m l c a c ~ u s .  1 l g n l  t l c ,  and clayey; 
Interbeddad w t t h  s l l t  c l a  . Shallow, 
es tuadne  and marginal i a r l n e  i n  or lg ln ;  
s e d i r m t s  r e s u l t  o f  f i r s t  major nartne 
lnundat lon o f  Cretacrcus daltas. 

n ldd le  Potoraac aqulfer: Sand, f t n e  t o  
coarsa. occastonal ravel; lnterbedded 
w i t h  silty c l a  . Fyuvlal l n  o r l g ln .  
sedlmemts r e s u l t  o f  d e l t a l c  deposition. 

Lower Potomac aqu l f r r :  Sand, aedlum 
t o  ve coarse, and gravel, c laye . 
~ 1 u v i 3  i n  o r t  in;  sad,ments r e s u l t  o f  
do1 t a l c  deposltlon. 

Generall y uncanf lned, s m l  -conf 1 nod local  1 y. 
Host producttve I n  eastern arras, vary t h l n  
to misstng I n  cent ra l  and western areas. 
Watrr 1 s very hard, ca\clun-bicarbonate type. 
Hfghly susceptible to po l l u tan ts  fm surfaca 
contanlnatlon. High concantratlons of l r o n  
and n i t r a t e  t n  s m  areas. Posslbt 1 i t y  o f  
s a l t y  water I n  coastal rclglons. 

Uul t l aqu l f a r  un t t .  Mostly conflnad, uncon- 
f l n d  updlp I n  outcrop areas. Thtckness 
dependant on a l t l t u d e  o f  land surface. 
Htghest y l e lds  l n  eas t r rn  araas, t h l n  to 
mt sslng I n  western arras. Water 1s hard, 
sodlua-cal clum-bicarbonate type. Sa l t y  
water I n  lower p a r t  o f  aqul fer  I n  eastern 
areas. 

wel ls .  Aqulfer n l s s l  In  western areas. Water 
1 s s o f t  to hard. ca13un-sodl ur-blcarbonata 
type and general ly  o f  good gual l ty. 

conf t ned. r x c w t  where It crops out  
o r  streaa val leys I n  the wrst. 

aqu l fe r  I n  nor thr rn  two-thlrds o f  
Coastal Plaln. Ytelds moderate supp l l rs  to 
Qmestlc, small l ndus t r l a l ,  and aunlc lpal  
wel ls .  Aqulfer missln l n  eastern areas. 
Hatar I s  sof t  sod1~1a-b?ca~na te  type, w l th  
h lgh  lron, su l f lde ,  and hardness l oca l l y .  

Restricted t o  North Carol lna Coastal Plaln; 
n o t  axtenslvel developed. Yle lds small t o  1 moderate suppl es t o  primarily doaestlc 
we l l  s. Water 1 s sof t ,  sodlua-bicarbonata 
type, wlth hlgh chlor ldes t n  eastern areas. 

k t l t t a q u l f r r  un l t .  Restr tctad t o  south- 
eastern V l r  l n f a  and North Carol lna Coastal 
Pla ln.  I l e f d s  moderate to a b u n l n t  supplles 
t o  domestlc and l ndus t r l a l  wells. Water 1s 
so f t ,  sodlur-btcarbonate type, w l t h  h l  h 
chlor ldes i n  u s t e r n  areas and areas 07 htph 
f l u o r t d .  and dlssolvod sol lds. 

W l t l a q u l f e r  un t t .  Confined, r r s t r l c t e d  to 
cent ra l  and ras t s rn  araas. Ylelds second 
l a r g r s t  supply o f  water I n  Coastal Pla ln.  Water 
l s  so f t ,  rodlum-chlortde-bicarbonate type, w l t h  
h lgh  ch1orld.s I n  eas t r rn  arras. 

Wul t laqu l fe r  u n l t .  (Ienerally conflnod, uncon- 
f l n e d  i n  outcrop areas o f  northwestern Coastal 
P l a l n  and major stream val leys near F a l l  Line. 
Ytelds second l a rges t  supply of water l n  Coastal 
Pla ln.  Water 1s moderately hard, sodlun-chloridc 
-bicarbonate t 8 ,  w l t h  h lgh chlor ldes I n  eastern 
h a l f  o f  ~ o a s t a r P l a i n .  

Mu1 t l a q u f f e r  unt t. General 1 y conflned, uncon- 
f i n e d  I n  outcmp arras o f  northwestern area of 
Coastal Pla ln.  Yle lds t h l r d  l a rges t  supply of 
water i n  Coastal P la ln .  Water I s  s o f t  t o  very 
hard, and o f  sodlum-btcarbonatr to sodlua- 
ch lor lda  type, w l t h  h lgh chlor ldas I n  eastern 
h a l f  o f  Coastal Pla ln.  



S t r a t i g r a p h y  and Areal  E x t e n t  of  A q u i f e r s  and Conf ining U n i t s  

The hydrogeo log ic  framework f o r  t h e  s t u d y  a r e a  is  a  s e r i e s  of a q u i f e r s  and 
i n t e r v e n i n g  c o n f i n i n g  u n i t s  do f i n e d  on t h e  b a s i s  o f  1 i t h o l o g i c  and hydro log ic  
p r o p e r t i e s  of  t h e  u n c o n s o l i d a t e d  C o a s t a l  P l a i n  sed iments .  One w a t e r - t a b l e  and 
s e v e n  c o n f i n e d  a q u i f e r s ,  s e p a r a t e d  by i n t e r v e n i n g  c o n f i n i n g  u n i t s ,  were 
i d e n t i f i e d  t o r  t h e  s t u d y  a r e a .  One o t h e r  conf ined  a q u i f e r  (Peedee) and i n t e r -  
v e n i n g  c o n f i n i n g  u n i t  (Peedee c o n f i n i n g  u n i t )  l o c a t e d  i n  n o r t h e a s t e r n  North 
C a r o l i n a ,  a s  w e l l  a s  a  c o n f i n i n g  u n i t  ( S t .  Marys c o n f i n i n g  u n i t )  l o c a t e d  n o r t h  
of t h e  James R i v e r ,  were inc luded  i n  t h e  model framework f o r  hydro log ic  
a n a l y s i s .  Table  1 summarizes r e l a t i o n s  between t h e  hydrogeologic  u n i t s  and 
g e o l o g i c  format  i o n s  and a g e s  and cor respond ing  hydrogeo log ic  names used i n  
p r e v i o u s  i n v e s t i g a t i o n s .  Lower C r e t a c e o u s  s e d i m e n t s  inc lude  t h e  lower and 
midd le  Potomac a q u i f e r s  and c o n f i n i n g  u n i t s ;  Upper Cretaceous  sediments  
i n c l u d e  t h e  upper Potomac, V i r g i n i a  Beach, and Peedee a q u i f e r s  and c o n f i n i n g  
u n i t s ;  T e r t i a r y  sed iments  i n c l u d e  t h e  Aquia,  Chickahominy-Piney P o i n t ,  and 
Yorktown-Eastover a q u i f e r s ,  and Nanjemoy-Marlboro, C a l v e r t ,  S t .  Marys, and 
Y o r k t o ~  c o n f i n i n g  u n i t s ;  and Q u a t e r n a r y  s e d i m e n t s  comprise t h e  Columbia 
a q u i f e r .  

A b r i e f  d i s c u s s i o n  of  t h e  n i n e  a q u i f e r s  and i n t e r v e n i n g  c o n f i n i n g  u n i t s  
used i n  model a n a l y s i s  is p r e s e n t e d .  The r e a d e r  is r e f e r r e d  t o  Meng and Harsh 
(1984)  f o r  a  more d e t a i l e d  d e s c r i p t i o n  of a g e ,  l i t h o l o g i c  c h a r a c t e r i s t i c s ,  and 
s t r a t i g r a p h y  of each a q u i f e r  and c o n f i n i n g  u n i t .  T h i s  r e p o r t  f o l l o w s  t h e  
b a s i c  framework o u t l i n e d  by Meng and Harsh;  however, t h e  a r e a l  e x t e n t  and 
t h i c k n e s s  of  s e v e r a l  a q u i f e r s  and c o n f i n i n g  u n i t s  were r e v i s e d  a f t e r  ana lyz ing  
g e o p h y s i c a l  l o g s  and w a t e r - l e v e l  d a t a  c o l l e c t e d  d u r i n g  t h i s  s t u d y  ( A . A .  Meng, 
U.S. G e o l o g i c a l  Survey,  w r i t t e n  commun., 1986) .  F i g u r e  2 shows l o c a t i o n s  of 
w e l l s  used  i n  t h e  hydrogeologic  framework a n a l y s i s .  F i g u r e s  3 th rough  10 
i l l u s t r a t e  t o p s  of each  a q u i f e r  r e l a t i v e  t o  s e a  l e v e l  and a r e a l  e x t e n t ,  and 
f i g u r e s  11 through 19 i l l u s t r a t e  t h i c k n e s s  and a r e a l  e x t e n t  of c o n f i n i n g  
u n i t s .  F i g u r e  20 i l l u s t r a t e s  g e n e r a l  d e p t h  of a q u i f e r s ,  con£ in ing  u n i t s ,  and 
basement from t h e  F a l l  L ine  t h r o u g h  s o u t h e a s t e r n  V i r g i n i a .  Table  2 d e s c r i b e s  
g e n e r a l  hydrogeologic  c h a r a c t e r i s t i c s  and w e l l  y i e l d s  f o r  i n d i v i d u a l  
a q u i f e r s  i n  t h e  model a r e a .  

The lower  Potomac a q u i f e r  i n  t h e  lower  p a r t  of  t h e  Potomac Formation is 
t h e  l o n r m o s t  conf ined  a q u i f e r  i n  t h e  hydrogeo log ic  framework and l i e s  
e n t i r e l y  on basement. T h i s  a q u i f e r  is t h i n n e s t  a l o n g  i t s  western  l i m i t  n e a r  
t h e  F a l l  L ine  and t h i c k e n s  seaward,  Th ickness  i n  the s t u d y  a r e a  ranges  from 
n e a r  zero a t  t h e  F a l l  L ine  t o  882 f e e t  a t  w e l l  61C1 i n  t h e  c i t y  of  Norfolk .  
The a q u i f e r  predominantly c o n s i s t s  of  t h i c k  i n t e r b e d d e d  sequences  of  medium- 
t o  v e r y  coarse -g ra ined  s a n d ,  c l a y e y  s a n d ,  and c l a y  v i t h  in te rbedded  g r a v e l .  
I t  is  c a p a b l e  of supp ly ing  l a r g e  q u a n t i t i e s  of w a t e r  b u t  g e n e r a l l y  l i e s  t o o  
d e e p  t o  be  a f f o r d a b l e  f o r  a l l  b u t  l a r g e  i n d u s t r i a l  u s e r s .  E leva ted  c h l o r i d e  
c o n c e n t r a t i o n s  i n  t h e  e a s t  r e s t r i c t  i t s  use  a s  a  p o t a b l e  source  of w a t e r .  The 
lower  Potomac a q u i f e r  is o v e r l a i n  by t h e  lower  Potomac c o n f i n i n g  u n i t  
t h r o u g h o u t  i ts  e x t e n t .  The c o n f i n i n g  u n i t  I s  composed of  sequences  of brown, 
g r a y ,  o r  dark-green carbonaceous  c l a y ,  in te rbedded  w i t h  t h i n ,  sandy c l a y .  The 
c l a y  beds a r e  not  con t inuous  o r  a r e a l i y  e x t e n s i v e  b u t ,  i n s t e a d ,  a r e  a  s e r i e s  of  
i n t e r l e n s i n g  c l a y e y  d e p o s i t s .  Because of  t h i s  d e p o s i t i o n a l  p a t t e r n ,  t h e  con- 
f i n i n g  u n i t  v a r i e s  c o n s i d e r a b l y  i n  t h i c k n e s s ,  ranging from a  t h i n  edge i n  t h e  
w e s t e r n  p a r t  of t h e  s t u d y  a r e a  t o  approx imate ly  80 f e e t  i n  t h e  c i t y  of  
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Table 1.--Hydrogeologlc column showlnq aquifers and conflnlng un l t s  I n  mde l  area 

Strat lgraphlc Thl s Caderstma 
Epoch formation report  1945 

Holocene Sands o f  Recent 
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Ple l  stocene sediments aqut f e r  Col unbl a group 
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Calvert Calvert 
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nw la  u - x - - -   orn nation 1 sq.11 f e r  
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Format 1 on node'l area 
Peedee eedee 
Form t t  
(of  BorP6 b l n g  u n t t l  

Late 
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Carol fna) aqut fer l  
Unnamed dspor 1 t t  r n b sac 
(Black Creek :L?~n~ngBunl: 
Formation Sands o f  Late 

equivalent) V l r  I n l a  Beach Cretaceous age 
I n  V l rg ln la  aglyfer 

UPDer Potomac 

aqulfer 
Hl ddl 

I 
e Potomac 

Potomac conffnlng u n i t  Sands o f  the 
Fonnatlon Mlddle Potomac Potornac Group 

Early aqulfer 
2retaceous Lower Potomac 

conflnlng u n i t  
Lower Potomac 
aquf f e r  

era h ty  
aFd My1 l e r  

1979 a (r b 

Water-tab1 e 
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llpper 
arteslan 
aquifer 
sys tm 

Lower 
arteslan 
aquifer 
sys t e r ~  I 

I 

s j u d ~ l a  Harsh and 
and others Lacznlak 

1981 1986 

Water-table Colttabla 
aqul far  .' aqul fer 

Yorktown 
conf h l n g  unl t 

Yorktoun Yorktown-Eastover 
aqulfer aqulfer 

Chlckahwlny- 
Piney Polnt 
aquifer 

kt present 
I n  V l rg ln i r  

l ~ o t  present I n  study area but used I n  model slmulatfons o f  ground-water f low 



V i r g i n i a  Beach ( f i g .  11).  I t  is o v e r l a i n  by t h e  middle Potomac a q u i f e r  
th roughout  i t s  e x t e n t .  

The midd le  Potomac a q u i f e r  i n  t h e  middle  p a r t  o f  t h e  Potomac Formation is  
t h e  second  t h i c k e s t  c o n f i n e d  a q u i f e r .  I t  is p r e s e n t  throughout  t h e  s tudy  
a r e a .  It ranges  i n  t h i c k n e s s  i n  t h e  s t u d y  a r e a  from a t h i n  edge a long t h e  
f a l l  L i n e  t o  spprox imate ly  500 f e e t  i n  t h e  c i t y  of Nor fo lk  ( w e l l  61C1). The 
a q u i f e r  is composed of  i n t e r l e n s i n g  c l a y ,  s i l t ,  and f i n e -  t o  coarse-gra ined 
sand,  v i t h  in te rbedded  g r a v e l .  The a q u i f e r  is c a p a b l e  of supplying l a r g e  
q u a n t i t i e s  of w a t e r  and is u t i l i z e d  by most l a r g e  i n d u s t r i a l  and municipal  
u s e r s  t h r o u g h o u t  t h e  w e s t e r n  and c e n t r a l  p a r t  of t h e  s t u d y  a rea .  However, a s  
w i t h  t h e  under ly ing  a q u i f e r ,  h i g h  c h l o r i d e  c o n c e n t r a t i o n s  a r e  p r e s e n t  i n  t h e  
e a s t e r n  p a r t  of t h i s  a q u i f e r ,  r e s t r i c t i n g  i ts u s e  a s  a  p o t a b l e  source  of  
w a t e r .  The middle Potomac a q u i f e r  is  o v e r l a i n  by t h e  middle  Potomac c o n f i n i n g  
u n i t  th roughout  its e x t e n t .  A s  w i t h  t h e  lower  Potomac c o n f i n i n g  u n i t ,  t h i s  
c o n f i n i n g  u n i t  is h i g h l y  v a r i a b l e  i n  t h i c k n e s s  th roughout  t h e  s t u d y  a r e a ,  
ranging f rom a  f e a t h e r e d g e  i n  t h e  west  t o  132 f e e t  i n  t h e  c i t y  of Chesapeake 
( w e l l  60B3, f i g .  12).  I t  is  o v e r l a i n  by t h e  upper  Potomac a q u i f e r  i n  t h e  
c e n t r a l  and e a s t e r n  p a r t  of  t h e  s t u d y  a r e a  and t h e  Aquia a q u i f e r  i n  t h e  
wes te rn  p a r t .  

The u p p e r  Potomac a q u i f e r  i n  t h e  upper  p a r t  of t h e  Potomac Formation f a  
composed of  Upper C r e t a c e o u s  sed iments  and is t h e  t h i n n e s t  of t h e  t h r e e  
Potomac a q u i f e r s .  The a q u i f e r  is p r e s e n t  i n  t h e  e a s t e r n  two- th i rds  of  t h e  
s t u d y  a r e a  and is c o n f i n e d  th roughout  its e x t e n t .  The sands  t h i c k e n  t o  t h e  
e a s t ,  r a n g i n g  from a  t h i n  edge a t  t h e  updip  l i m i t  t o  approx imate ly  280 f e e t  i n  
t h e  c i t y  of  V i r g i n i a  Beach ( v e l l  63Cl). I t  is composed o f  very  f i n e -  t o  
medium-grained, th ickly-bedded sand i n t e r l a y e r e d  v i t h  s i l t y ,  t h i n  c l a y .  
Gravel  and coarse -g ra ined  s a n d s  a r e  r a r e .  The a q u i f e r  is c a p a b l e  of producing 
l a r g e  q u a n t i t i e s  of g e n e r a l l y  good q u a l i t y  w a t e r  and is a p r i n c i p a l  source  of 
ground v a t e r  f o r  munic ipa l  and i n d u s t r i a l  u s e  th roughout  t h e  c e n t r a l  p a r t  of 
t h e  s t u d y  a r e a .  Water q u a l i t y  degrades  somewhat i n  t h e  e a s t  because of 
i n c r e a s  i n g  c h l o r i d e  and f l u o r i d e  c o n c e n t r a t i o n s .  The upper  Potornac a q u i f e r  is 
o v e r l a i n  by t h e  upper Potomac c o n f i n i n g  u n i t .  The c o n f i n i n g  u n i t  is r e l a -  
t i v e l y  t h i c k ,  a t t a i n i n g  i ts maximum t h i c k n e s s  of 192 f e e t  i n  s o u t h e a s t e r n  
V i r g i n i a  ( w e l l  61B2, f i g .  13) .  I t  is o v e r l a i n  by t h e  Aquia a q u i f e r ,  excep t  
i n  t h e  s o u t h e a a t e r n  p a r t  of t h e  s t u d y  a r e a  and n o r t h e a s t e r n  North C a r o l i n a  
v h e r e  it is o v e r l a i n  by t h a  V i r g i n i a  Beach a q u i f e r ,  and i n  t h e  n o r t h e a s t e r n  
p a r t  of  t h e  s t u d y  a r e a  whera it is o v e r l a i n  by t h e  Chickahominy-Piney P o i n t  . 
a q u i f e r .  

The V i r g i n i a  Beach a q u i f e r  is composed of unnamed Upper Cre taceous  s e d i -  
ments. It is p r e s e n t  o n l y  i n  s o u t h e a s t e r n  V i r g i n i a  and is  e q u i v a l e n t  t o  t h e  
Black Creek  Formation i n  n o r t h e a s t e r n  North C a r o l i n a .  The a q u i f e r  i s  named 
f o r  t h e  c i t y  of V i r g i n i a  Beach f o r  t h e  purpose of t h i s  r e p o r t .  I t  i s  conf ined  
th roughout  i t s  e x t e n t .  The sed iments  i n  t h e  s t u d y  a r e a  range i n  t h i c k n e s s  
from n e a r  z e r o  a t  t h e  u p d i p  l i m i t  t o  approx imate ly  110 f e e t  i n  t h e  c i t y  of 
Chesapeake ( w e l l  6182). They predominant ly  c o n s i s t  of f i n e -  t o  medium-grained 
g l a u c o n i t i c  sand,  in te rbedded  v i t h  t h i n  c l a y  l a y e r s  and indura ted  zones.  
S h e l l  m a t e r i a l  is common. The a q u i f e r  is c a p a b l e  of producing moderate t o  
abundant q u a n t i t i e s  of  g e n e r a l l y  good q u a l i t y  w a t e r  f o r  domestic and 
i n d u s t r i a l  use .  The a q u i f e r  is o v e r l a i n  e n t i r e l y  by t h e  V i r g i n i a  Beach con- 
f i n i n g  u n i t .  Th i s  u n i t  c o n s i s t s  of a  s e r i e s  of  c l a y ,  s i l t y  c l a y ,  and sandy 



c l a y  bed8 and ranges  i n  t h i c k n e s s  w i t h i n  t h e  s t u d y  a r e a  from l e s s  t h a n  10 f e e t  
n e a r  t h e i t  upd ip  l i m i t  t o  29 f e e t  i n  t h e  c i t y  of V i r g i n i a  Beach ( v s l l  61A2, 
f l g .  14) .  The c o n f i n i n g  u n i t  is o v e r l a i n  by t h e  Aquia a q u i f e r ,  e x c e p t  i n  
n o r t h e a s t e r n  North  C a r o l i n a  where it is o v e r l a i n  by t h e  Peedee a q u i f e r ,  and i n  
t h e  n o r t h e a s t e r n  p a r t  of t h e  s t u d y  a r e a  where it is o v e r l a i n  by t h e  
Chickahominy-Piney P o i n t  a q u i f e r .  

The Peedee a q u i f e r  i n  t h e  Peedee Format ion is r e s t r i c t e d  t o  t h e  North 
C a r o l i n a  C o a s t a l  P l a i n  and i r  n o t  p r e a e n t  i n  t h e  s t u d y  a r e a .  However, i t  is 
d e s c r i b e d  her*  because  it is inc luded  i n  t h e  model framework f o r  hydro log ic  
a n a l y s i s .  I t  is conf ined  th roughout  i t s  e x t e n t .  The sediments  range from a  
f e a t h e r e d g e  a t  t h e i r  wes te rn  l i m i t  t o  abou t  300 f e e t  a long t h e  A t l a n t i c  Coaat  
(H.D. Winner, U.S.  Geological  Survey,  w r i t t e n  commun., 19841,  and predominant ly  
c o n s i r t  of  g l a u c o n i t i c  and s h e l l y  sand ,  in te rbedded  v i t h  da rk ,  micacaous 
s i l t  and c l a y .  The a q u i f e r  is n o t  e x t e n s i v e l y  developed and p r i m a r i l y  y i e l d s  
small t o  moderate s u p p l i e s  t o  domes t i c  u s e r s .  I t  is e n t i r e l y  o v e r l a i n  by t h e  
Peedee c o n f i n i n g  u n i t .  Conf ining u n i t  sed iments  a r e  composed of c l a y ,  s i l t y  
c l a y ,  and sandy c l a y  and range i n  t h i c k n e s s  from a  t h i n  edge a t  t h e  updip  
l i m i t  t o  approx imate ly  100 f e e t  benea th  e a s t e r n  Albemarle Sound ( f i g .  15) .  
The c o n f i n i n g  u n i t  is o v e r l a i n  by t h e  Aquia a q u i f e r .  

The Aquia a q u i f e r  i n  t h e  Aquia Format ion is t h e  d e e p e s t  T e r t i a r y  a q u i f e r  
i n  t h e  framework. I t  is  p r e s e n t  th roughout  t h e  s t u d y  a r e a ,  excep t  i n  8 band 
a l o n g  t h e  F a l l  L ine ,  i n  t h e  Chesapeake Bay r e g i o n ,  and i n  a  band a l o n g  t h e  
c o a s t ,  The a q u i f e r  is conf ined  th roughout  i t s  e x t e n t ,  excep t  where it c rops  
o u t  a long  major  s t r e a m  v a l l e y s  i n  t h e  weat.  The a q u i f e r  is t h i c k e e t  i n  
tha c e n t r a l  p a r t  of  t h e  s t u d y  a r e a  (approx imate ly  65 Caet a t  w e l l  55F20) and 
t h i n s  t o  a  f e a t h e r e d g e  a long both  t h e  upd ip  and downdip l i m i t s .  The updip  
l i m i t  is e r o s i o n a l  and t h e  downdip l i m i t  is g r a d a t i o n a l  where t h e  sandy aedi-  
rnents change f a c i e s  t o  c l ay .  The sed iments ,  d e p o s i t e d  i n  s h a l l o w  marine 
w a t e r s ,  a r e  t y p i c a l l y  f i n e -  t o  medium-grained g l a u c o n i t i c  sand,  in te rbedded  
w i t h  s i l t ,  c l a y ,  and t h i n ,  i n d u r a t e d  s h e l l  beda. The a q u i f e r  is a n  important  
g round-va te r  r e s o u r c e ,  p a r t i c u l a r l y  i n  t h e  c e n t r a l  p a r t  of  t h e  s t u d y  a r e a  
v h e r e  it y i e l d s  moderate s u p p l i e s  t o  domes t i c ,  smal l  i n d u s t r i a l ,  and munic ipa l  
w e l l s .  The Aquia a q u i f e r  is o v e r l a i n  by t h e  Nanjemoy-Marlboro con£ i n i n g  u n i t .  
T h i s  u n i t  i a  f a i r l y  uniform i n  t h i c k n e s s  throughout  t h e  s t u d y  a r e a ,  r ang ing  
f r o m  a  t h i n  edge a t  its western  l i m i t  t o  approximate ly  6 2  f e e t  i n  t h e  c e n t r a l  
p a r t  ( w e l l  57F26, f i g .  16) .  I t  is o v e r l a i n  by t h e  Chickahominy-Piney P o i n t  
a q u i f  e r .  

The Chickahominy-Piney P o i n t  a q u i f e r  i n  t h e  Chickahominy and P iney  P o i n t  
Format ions  is t h e  middle  T e r t i a r y  a q u i f e r  and is p r e s e n t  throughout  t h e  s t u d y  
a r e a ,  e x c e p t  i n  a  band a long t h e  F a l l  Line .  I t  is conf ined  th roughout  i ts  
e x t e n t ,  excep t  where it c r o p s  o u t  a long  major  s t r e a m  v a l l e y s  i n  t h e  v e s t .  The 
a q u i f e r  is g e n e r a l l y  wedge-shaped i n  c r o s s  s e c t i o n ,  ranging from n e a r  z e r o  
a l o n g  i t a  wes te rn  l i m i t  t o  approx imate ly  160 f e e t  i n  t h e  c i t y  of V i r g i n i a  
Beach ( w e l l  63C1). I t  is l e n t i c u l a r - s h a p e d  n o r t h  of t h e  James River  from t h e  
u p d i p  l i m i t  t o  t h e  e a s t e r n  p a r t  of  Wil l iamsburg,  t h i n n i n g  t o  a  f e a t h e r e d g e  a t  
i ts  upd ip  l i m i t ,  t h i c k e n i n g  t o  82 f e e t  a t  w e l l  55H6, and t h i n n i n g  t o  30 f e e t  
i n  c e n t r a l  York County ( w e l l  58F18). The a q u i f e r  then  becomes wedge-shaped a s  
i t  t h i c k e n s  eas tward ,  The sed iments ,  d e p o s i t e d  i n  a  sha l low marine env i ron-  
ment ,  a r e  t y p i c a l l y  medium- t o  c o a r s e - g r a i n e d  g l a u c o n i t  i c  sand,  in te rbedded  
v i t h  s i l t ,  c l a y ,  and t h i n ,  i n d u r a t e d  s h e l l  beds.  The a q u i f e r  is an impor tan t  



DEPARTMENT OF PUBLC UTILITIES 
(8%) 427-4346 
FAX (BW) 426-5778 

City of Virginia 

MUNICIPAL C E i R  
VlffilNlA BEACH. VIRGINIA zwj69011 

April 9, 1991 

Jeffrey S. Laskey 
Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

Dear Mr. Laskey: 

Re: Public Water Distribution System, Department of the Navy, 
Virginia Beach Area - Federal Agencies - U. S. Navy 

In response to your letter of March 29, 1991, the following items 
numbered 1 through 7 are keyed to your list of requested 
information: 

1. Please see attached map showing boundaries of the City 
of Virginia Beach's public water distribution system. 

2. City of Norfolk. 

3. 4. 5. We understand that you have sent Norfolk a similar 
inquiry. As our water supplier, they will provide 
the data on these items. 

7. a.  No 
b. No 
c. No 
d. Wild Water Rapids Water Park, 849 ~eneral Booth 

Boulevard, Virginia Beach VA 23451 
Kempsville Recreation Center, 800   on mouth Lane, 

Virginia Beach VA 23464 
Great Neck Recreation Center, 2521 Shorehaven Drive, 

Virginia Beach VA 23454 



Jeffrey S. Laskey 
April 9, 1991 
Page 2 

should you require additional information or assistance, please 
feel free to call me. 

Sincerely, 7 

Director 'd 

& 
~ d a c h m e n t  

pc: Neal Windley, Director 
Norfolk Public Utilities 



Maps showing boundaries of the City of Virginia Beach's public water  
distribution system, mentioned in preceding letter as  being attached, were not 
included due to size (2 sheets, approximately 4 ft. by 4 ft. each). Maps can be 
obtained from: 

CITY OF VIRGINIA BEACH 
DEPARTMENT OF PUBLIC UTILITIES 

MUNICIPAL CENTER 
VIRGINIA BEACH, VA 23456-9041 

(804) 427-4346 
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DATE: 
- 4 -9  1- r0:voAM 

CONTRACT NO.: 

J 

T O :  M R .  ( n r ~ ~  M ~ T ~ I E Y  A F r o m :  3TB ruck 

R e p r e s .  : 4 c CMSMS B U . V ~ M  ~ e ~ r e s .  : n a k w  Ev\~;u~mi-r~/~.tJ.&c. I 

P h o n e  9 0 .  : @01\763- (C,qO P h o n e  N o . :  X 6047 . 

PREPAREDBY TITLE G~0104.15~ P A G E  I OF - f 
OP-3 
,.,a- 



EXHIBIT 3-4 



EXTENT OF SUBSURFACE FUEL CONTAMINATION 

LITTLE CREEK NAVAL AMPHIBIOUS BASE 

Atlantic Division 
Naval Facilities Engineering Command 

Contract N62470-82-B-7800 

R. E. Wright Associates, Inc. 
3240 Schoolhouse Road ' 

Middletown, PA 17057 

October, 1982 

For 

Respectfully submitted, 

Robert C. Brod 
Project Xanager 

~ e 6  E. Wehler, PG 
Vice President 



f u e l  h a v e  b e e n  pumped f r o m  t r a n s f e r  p i t s ,  s u m p s ,  a n d  m a n h o l e s  

a b o u t  o n c e  a m o n t h .  
- - 

F 

F u e l  w a s  o b s e r v e d  i n  t h e  new sewer s o o n  a f t e r  i t  was  b u i l t .  I t  

i s  t h o u g h t  t h a t  s e e p a g e  i n t o  t h e  sewer line r e s u l t e d  f r o m  t h e  
.- 

d e c o m p o s i t i o n  o f  g a s k e t s  a t  p i p e  j o i n t s ,  c a u s e d  b y  t h e  f u e l .  ', Two __ -- 
o r  t h r e e  t e s t  b o r i n g ~  were d r i l l e d  a b o u t  a y e a r  a f t e r  t h e  s e w e r  

was i n s t a l l e d  i n  a n  e f f o r t  t o  d e l i n e a t e  t h e  e x t e n t  o f  s u b s u r f a c e  

f u e l  a t  t h e  n o r t h e r n  e n d  o f  t h e  p i e r s .  T h e  r e s u l t s  o f  t h e s e  

b o r i n g s  were i n c o n c l u s i v e .  

T h e r e  h a s  b e e n  c o n t i n u i n g  u n c e r t a i n t y  a b o u t  t h e  e x t e n t  a n d  - -- - --- 

m o b i l i t y  o f  s u b s u r f a c e  f u e l  i n  t h e  p i e r  a r e a .  Of p a r t i c u l a r  

c a u s e  f o r  c o n c e r n  h a s  b e e n  t h e  p o s s i b i l i t y  t h a t  r e l a t i v e l y  l a r g e  

a m o u n t s  o f  f u e l  c o u l d  b e c o m e  m o b i l i z e d ,  e n t e r  t h e  sewer l i n e  a n d  

e v e n t u a l l y  e n t e r  t h e  t r e a t m e n t  s y s t e m  a t  t h e  n e a r b y  Hampton  R o a d s  

S e w a g e  D i s p o s a l  P l a n t .  T h i s  c o u l d  c a u s e  s e r i o u s  p r o b l e m s  w i t h  

t h e  n o r m a l  o p e r a t i o n  o f  t h e  p l a n t ,  r e s u l t i n g  i n  l a r g e  c o s t s  t o  

t h e  Navy.  I t  was t h i s  p o s s i b i l i t y  t h a t  w a s  l a r g e l y  r e s p o n s i b l e  

f o r  t h e  i n i t i a t i o n  o f  t h i s  s t u d y .  

S u b s u r f a c e  I n v e s t i g a t i o n  

T h r e e  b a c k h o e  p i t s ,  f o u r  s t a n d p i p e s ,  a n d  s i x  t e s t  b o r i n g s  a n d  

m o n i t o r i n g  w e l l s  were u s e d  t o  d e t e r m i n e  s u b s u r f a c e  c o n d i t i o n s  i n  

t h e  v i c i n i t y  o f  P i e r s  11 t o  1 9 .  T h e  l o c a t i o n s  o f  t h e s e  a r e  shown 

i n  F i g u r e  6. 

B a c k h o e  P i t s  a n d  S t a n d p i p e s  -- 

B a c k h o e  P i t  BW-4 was e x c a v a t e d  n e a r  a c a t c h  b a s i n  w h i c h  h o l d s  

r u n o f f  f r o m  t h e  l o a d i n g  a r e a  b e t w e e n  t h e  p i e r s  a n d  ' T a n k  1 5 5 1  

( F i g u r e  6 ) .  I t  i,s a l s o  l o c a t e d  n e a r  t h e  u n d e r g r o u n d  p i p e l i n e  

w h i c h  c o n n e c t s  T a n k  1 5 5 1  t o  t h e  p i e r  a r e a .  A l t h o u g h  t h i s  



l o c a t i o n  i s  n o t  p a r t  o f  t h e  p i e r  a r e a  w h e r e  s u b s u r f a c e  f u e l  i s  

k n o w n  t o  o c c u r ,  i t  i s  d e s c r i b e d  h e r e  b e c a u s e  o f  i t s  g e n e r a l  

p r o x i m i t y  t o  t h e  p i e r s .  

I n  BW-4, f i l l  c o n s i s t i n g  o f  s a n d  a n d  p o c k e t s  o f  s i l t  o c c u r r e d  t o  

a d e p t h  o f  a p p r o x i m a t e l y  5 f e e t  ( A p p e n d i x  A ) .  T h i s  c o n t a i n e d  

a m i n o r  p e r c h e d  g r o u n d w a t e r  s y s t e m  c a u s e d  b y  t h e  s i l t  p o c k e t s .  

S e d i m e n t  f r o m  t h i s  i n t e r v a l  s e e m e d  t o  h a v e  a s l i g h t  f u e l  o d o r ;  

h o w e v e r ,  a s t r o n g  o d o r  f r o m  o i l  i n  a n e a r b y  c a t c h  b a s i n  made t h e  

d e t e r m i n a t i o n  o f  t h i s  u n c e r t a i n .  T h e  f i l l  w a s  u n d e r l a i n  b y  

n a t u r a l l y  o c c u r r i n g  s i l t y  s a n d .  G r o u n d w a t e r  i n  t h e  b o t t o m  o f  

t h e  p i t  h a d  a t r a c e  o f  o i l  s h e e n  o n  i t s  s u r f a c e .  

Two s t a n d p i p e s  were i n s t a l l e d  i n  BW-4. As i n  B i l - 3 ,  a d e e p  o n e  

w a s  p l a c e d  t o  s a m p l e  g r o u n d w a t e r  f r o m  t h e  m a i n  g r o u n d w a t e r  

s y s t e m  a s  w e l l  a s  t h e  m i n o r  p e r c h e d  s y s t e m .  A s h a l l o w  o n e  was  

i n s t a l l e d  i n  o r d e r  t o  s a m p l e  t h e  p e r c h e d  s y s t e m  o n l y .  S u b s e q u e n t  

o b s e r v a t i o n s  i n d i c a t e d  t h a t  a v e r y  s l i g h t  o i l y  s h e e n  o c c u r r e d  o n  

t h e  water s u r f a c e  i n  t h e  deeper s t a n d p i p e .  A s l i g h t  f u e l  o d o r  

w a s  a l s o  a p p a r e n t  i n  t h e  d e e p e r  s t a r i d p i p e .  However ,  t h e r e  was 

n o t  a m e a s u r a b l e  t h i c k n e s s  o f  f r e e  f l o a t i n g  f u e l  i n  t h e  d e e p e r  

s t a n d p i p e .  N o  f u e l  w a s  a p p a r e n t  i n  t h e  s h a l l o w  s t a n d p i p e .  

T h e r e f o r e ,  i t  i s  e v i d e n t  t h a t  v e r y  smal l  a m o u n t s  o f  f u e . 1  a r e  

f l o a t i n g  o n  t h e  m a i n  water t a b l e  i n  t h e  v i c i n i t y  o f  BW-4. I t  

seems l i k e l y  t h a t  i t  h a s  o r i g i n a t e d  f r o m  t h e  n e a r b y  c a t c h  b a s i n ,  

w h i c h  c o n t a i n s  w a t e r  a n d  f u e l  r u n o f f  from t h e  l o a d i n g  f a c i l i t y .  

A l e a k  i n  t h e  p i p e l i n e  b e t w e e n  t h e  p i e r s  a n d  T a n k  1 5 5 1  

w o u l d  p r o b a b l y  h a v e  r e s u l t e d  i n  l a r g e r  a m o u n t s  o f  f u e l  f l o a t i n g  

o n  t h e  w a t e r  t a b l e .  

Two b a c k h o e  p i t s  were e x c a v a t e d  j u s t  west o f  t h e  p a v e d  p a r k i n g  

l o t  t h a t  e x t e n d s  f r o m  P i e r  11 t o  p i e r  1 9 .  BPI-5 w a s  b e t w e e n  

P i e r s  1 7  a n d  1 8 ,  n e a r  t h e  p i p e l i n e  t h a t  g o e s  f r o m  t h e  p i e r s  t o  



F i g u r e  6 
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F i q u r e  6 :  F i e r  1 1 - 1 9  a r ea ,  s h o w i n g  loc 
a n d  w a t e r - t a b l e  l e v e l s .  A r r o w s  show d i  



T a n k  1 5 5 1  ( F i g u r e  6 ) .  I n  i t ,  s a n d  a n d  s i l t  f i l l  e x t e n d e d  t o  a  

d e p t h  of  7 f e e t ,  a n d  was u n d e r l a i n  b y  n a t u r a l l y  o c c u r r i n g  wel l  

s o r t e d  s a n d .  A d i s t i n c t  f u e l  o d o r  w a s  o b s e r v e d  i n  t h e  

s a t u r a t e d ,  n a t u r a l l y - o c c u r r i n g  s e d i m e n t s  b e l o w  7 f e e t .  A 

s t a n d p i p e  i n s t a l l e d  i n  BW-5 h a d  a m o d e r a t e l y  d i s t i n c t  f u e l  o d o r  

i n  i t ,  b u t  n o  m e a s u r a b l e  f r e e  f l o a t i n g  f u e l .  B a c k h o e  P i t  BW-6 

w a s  e x c a v a t e d  j u s t  wes t  o f  t h e  p a v e m e n t  o p p o s i t e  P i e r  1 3  

( F i g u r e  6 ) .  I n  i t ,  s a n d  a n d  s i l t  f i l l  o c c u r r e d  t o  a  d e p t h  o f  

a b o u t  6 f e e t ,  a n d  w a s  u n d e r l a i n  b y  n a t u r a l l y - o c c u r r i n g  s a n d .  No 

f u e l  was o b s e r v e d  i n  t h e  f i l l ;  h o w e v e r ,  a d i s t i n c t  f u e l  o d o r  w a s  

o b s e r v e d  i n  s a t u r a t e d  s e d i m e n t s  b e l o w  7 f e e t .  A s t a n d p i p e  i n  

Bw-6 h a d  a s l i g h t  f u e l  o d o r  i n  i t .  

Tes t  B o r i n a s  a n d  M o n i t o r i n u  Wells 

~n o r d e r  t o  d e t e r m i n e  s u b s u r f a c e  c o n d i t i o n s  b e n e a t h  t h e  

p a v e m e n t ,  s i x  t e s t  b o r i n g s  a n d  m o n i t o r i n g  w e l l s  were i n s t a l l e d  
? 

i . n  t h e  p i e r  a r e a .  L o c a t i o n s  a r e  s h o w n  i n  F i g u r e  6 .  

I n s t a l l a t i o n  p r o c e d u r e s  a r e  d e s c r i b e d  i n  - t h e  M e t h o d s  s e c t i o n  o f  

t h i s  repor t .  G e o l o g i c  l o g s  a n d  c o n s t r u c t i o n  d e t a i l s  f o r  e a c h  

w e l l  a r e  s h o w n  i n  A p p e n d i x  B .  

M o n i t o r i n g  We11 M W - 1  was i n s t a l l e d  n e a r  P i e r  1 9 .  S p l i t - s p o o n  

s a m p l i n g  i n d i c a t e d  t h a t  s a n d  f i l l  o c c u r r e d  t o  a d e p t h  o f  a b o u t  7 

f e e t ,  a n d  was u n d e r l a i n  b y  s a n d  a n d  some l a y e r s  o f  s i l t y  s a n d .  

S l i g h t  f u e l  o d o r  was o b s e r v e d  i n  a l l  s e d i m e n t s  a b o v e  t h e  water 

t a b l e ,  a n d  a s t r o n g  f u e l  o d o r  w a s  o b s e r v e d  i n  s e d i m e n t s  a t  a n d  

below t h e  water t a b l e .  

S a m p l e s  f r o m  b e l o w  t h e  water t a b l e  w o u l d  n o t  n o r m a l l y  b e  e x p e c t e d  

t o  c o n t a i n  f r e e  ( u n d i s s o l v e d )  f u e l .  F u e l  w h i c h  was  o b s e r v e d  i n  

s a m p l e s  f r o m  b e n e a t h  t h e  w a t e r  t a b l e  p r o b a b l y  o r i g i n a t e d  i n  



g r o u n d w a t e r  a t  t h e  w a t e r  t a b l e ,  a n d  c o n t a m i n a t e d  t h e  s a m p l e r  a s  

i t  p a s s e d  t h r o u g h  t h a t  i n t e r v a l .  

M o n i t o r i n g  Well MW-2 was a u g e r e d  i n  t h e  p a r k i n g  a r e a  b e t w e e n  

P i e r s  1 5  a n d  16, I n  i t ,  s a n d  f i l l  o c c u r r e d  t o  a d e p t h  o f  a b o u t  5 

f e e t ,  a n d  w a s  u n d e r l a i n  b y  s i l t y  s a n d  a n d  l a y e r s  o f  c l a y  a n d  

p e a t .  No f u e l  w a s  o b s e r v e d  i n  s e d i m e n t s  d o w n  t o  6 f e e t .  A 

s l i g h t  f u e l  o d o r  w a s  o b s e r v e d  i n  s e d i m e n t s  j u s t  a b o v e  t h e  water 

t a b l e  a n d  i n  s a t u r a t e d  s e d i m e n t s  a t  t h e  w a t e r  t a b l e .  

M o n i t o r i n g  Well MW-3 i s  l o c a t e d  i n  t h e  p a r k i n g  a r e a  o p p o s i t e  

? ie r  1 4 .  S a n d  f i l l  e x t e n d e d  t o  a d e p t h  o f  a b o u t  6 f e e t  a n d  w a s  

u n d e r l a i n  b y  n a t u r a l l y  o c c u r r i n g  f i n e  t o  coarse s a n d  w i t h  l i t t l e  

s i l t .  F u e l  ----. o d o r  w a s  . o b s e r v e d  i n  t h e  u p p e r  4 f e e t  o f  s e d i m e n t ,  

a n d  i n  t h o s e  s e d i m e n t s  i n  t h e  z o n e  o f  w a t e r - t a b l e  f l u c t u a t i o n .  

M o n i t o r i n g  Well M W - 4  i s  l o c a t e d  i n  t h e  p a r k i n g  a r e a  o p p o s i t e  

p i e r  1 2 .  I n  i t ,  s a n d  f i l l  e x t e n d e d  t o  a b o u t  1 0  f e e t ,  a n d  was  

u n d e r l a i n  b y  l a y e r s  o f  s a n d  a n d  s i l t y  s a n d .  A l l  s e d i m e n t s  a b o v e  

t h e  w a t e r  t a b l e  h a d  s t r o n g  t o  v e r y .  s t r o n g  f u e l  o d o r .  An - -  ----- _ _  _ __  _ -  - - -- 

i n t e r v a l  o f  0 . 5  f e e t  t h i c k n e s s  o f  s a n d  a p p e a r e d  a t  t h e  w a t e r  - - - -  - -  ---_ -- - 

t a b l e  a n d  a p p e a r e d  t o  be s a t u r a t e d  w i t h  b l a c k  f u e l .  
-- - -  - . . --- - - - - - -- -- - 

M o n i t o r i n g  Well MW-5 w a s  i n s t a l l e d  o p p o s i t e  P i e r  11, a n d  

i n d i c a t e d  t h a t  s i l t y  s a n d  f i l l  o c c u r & e d  t o  a  d e p t h  o f  a b o u t  5 

f e e t .  T h i s  was u n d e r l a i n  b y  r e l a t i v e l y  w e l l  s o r t e d  s a n d .  A 

t r a c e  o f  f u e l  o d o r  was o b s e r v e d  f r o m  3 t o  5 f e e t  a n d  i n  t h e  

s e d i m e n t s  a t  t h e  w a t e r  t a b l e .  

M o n i t o r i n g  Well MW-9 i s  l o c a t e d  i n  t h e  p a r k i n g  a r e a  b e t w e e n  

P i e r s  1 6  a n d  1 7 .  I t  w a s  i n s t a l l e d  a f t e r  t h e  m o n i t o r i n g  w e l l s  a t  

t h e  F u e l  F a r m ,  w h e n  i t  w a s  d i s c o v e r e d  t h a t  m o n i t o r i n g  w e l l s  

i n s t a l l e d  i n  t h e  m i d - 1 9 7 0 ' s  were p l u g g e d  w i t h  s e d i m e n t .  S a n d  

a n d  s i l t  f i l l  o c c u r r e d  t o  a  d e p t h  o f  a b o u t  8 f e e t , .  a n d  t h e s e  
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APPENDIX I 1 
I 

(Only wells used in mapping) I 
W-194 Numbers preceded by the letter "W" refer to those wells whose I 

! 
samples are  on file in the Division's repository. 

post-Ty, post-Tc, post-Tn, post-Tm, pos t t rans ,  and post-LK refer to the 
top of rocks of younger formations than the Yorktown, Calvert, 
Nanjemoy, Mattaponi, "transitional beds", and Patuxent re- 
spectively. 

TY Top of Yorktown Formation 
Tc Top of Calvert Formation 
Tn  Top of Nanjemoy Formation 
Tm Top of Mattaponi Formation 
t rans  Top of "transitional beds" 
LK Top of Patuxent Formation 
base Top of "basement" 
nd Formation top not determined 
'I'D Total depth of well in feet 
All elevations a r e  relative to a sea level datum. 

Elevation of 
top (in feet) 

W-194 
p o s t r ~ ~  and Ty 128 
Tc 76 
T n  - 8 
Tm -76 
LK -205 
T D  337 

W-228 

Tc 5 
T n  - 82 
Tm -196 
LK -270 
T D  342 

w-616 
post-Ty and Ty  30 
Tc nd 
Tn  -130 
Tm -170 
LK -295 
base -1290 
TD 1632 

Thickness 
(in feet) 

63 
83 
68 

129 
4 drilled 

87 
113 
76 
67 drilled 

110- 
50+ 
40 

125 
995 
312 drilled 

w-979 

post-Ty 
TY 
Tc 
Tm 
trans 
LK 
TD 1600 

W-1135 
post-Ty 
TY 
Tc 
Tn 
Tm 
LK 
TD 792 

W-1177 
post-Tc 
Tc 
Tn 
Tm 
LK 
TD 326 

W-1182 

post-Ty 
TY 
Tc 
Tn 
Tm 
LK 
TD 620 

W-1184 

posbTy 
TY 
Tc 
Tn 
Tm 
LK 
TD 640 

W-1194 
post-Ty 
TY 
Tc 
base 
TD 176 

Elevation of 
top (in feet) 

Thickness 
(in feet) 

120- 
396+ 
345 
125 
136 
380 drilled 

76 
70 

300 
20 

170 
167 drilled 

136 drilled 

2 1 
2 1 

276 
86 

163 
66 drilled 

40 
41 

332 
47 

130 
50 drilled 



Elevation of Thickness 
top (in feet) (in feet) Elevation of 

top (in feet) 
Thickness 
tin feet) 

Tn  
T D  186 

w-2102 
post-Ty 
TY 
T c  
Tn  
Tm 
LK 
T D  370 

W-2103 

post-Ty 
TY 
Tc 
Tn 
Tm 
LK 
T D  424 

W-2105 

T Y  
Tc 
Tm 
t rans  
T D  580 

W-2106 

TY 
Tc 
Tm 
t rans  
LK 
T D  660 

W-2107 

TY 
Tc 
Tm 
t rans  
TD 540 

W-2108 

T Y  
Tc 
T m  
LK 
T D  480 

-28 18 drilled W-2109 

post-Ty 
TY 
Tc 
Tm 
trans 
LK 
TD 460 

W-2110 

post-Ty 
TY 
Tc 
Tm 
trans 
LK 
T D  640 

W-2111 
pos tTy 
TY 
Tc 
Tm 
trans 
LK 
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T Y  
Trn 
t rans  
LK 
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LK 
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T Y  
T m  
LK 
T D  80 

Elevation of 
top (in feet) 

-610 
-630 

30 
20 

-40 
-70 

-205 

36 
-56 
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-360 
-426 

185 
166 
G6 
- 6 
- 66 

42 
24 
17 
5 
3 

73 
60 
10 

80 
61 
52 

7 

Thickness 
(in feet) 

120 
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10 
60 
30 

135 
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90 
220 

7 5 
75 
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30 
110 
70 
60 
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18 
7 

12 
2 
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23 
40 
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19 
9 
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pout-Ty 
TY 
Trn 
LK 
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pos tLK 
LK 
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pos tTy  
TY 
Tm 
LK 
T D  60 

W-2218 

pout-Ty 
TY 
Tc 
T 11 

Trn 
LK 
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W-2223 

post-Tn 
Tn 
Trn 
LK 
T D  216 

W-2224 

post-Tc 
Tc 
Tn 
Trn 
LK 
TD 412 

W-2238 

post-Tc 
Tc 
Tn 
T m  
trans 
LK 
T D  376 

Elevation of 
top (in feet) 

Thickness 
(in feet) 

26 
67 
10 
12 drilled 

19 
26 drilled 

13 
7 

23 
7 drilled 

10 
160 
110 
20 
70 
42 drilled 

60 
20 
60 
85 drilled 

50 
80 
60 
30 

192 drilled 

50 
70 
30 
50 

160 
26 drilled 
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S t r a t i g r a p h y  and A r e a l  E x t e n t  o f  A q u i f e r s  and C o n f i n i n g  U n i t a  

The h y d r o g e o l o g i c  framework f o r  t h e  s t u d y  a r e a  is a s e r i e s  o f  a q u i f e r s  And 
i n t e r v e n i n g  con f  i n i n g  u n i t s  d e f  l n e d  on t h e  b a s i s  o f  1 i t h o l o g i c  and h y d r o l o g i c  
p r o p e r t i e s  o f  t h e  u n c o n s o l i d a t e d  C o a s t a l  P l a i n  s e d i m e n t s .  One w a t e r - t a b l e  and  
s e v e n  c o n f i n e d  a q u i f e r s ,  s e p a r a t e d  by i n t e r v e n i n g  c o a f l n i n g  u n i t s ,  w e r e  
i d e n t i f i e d  f o r  t h e  s t u d y  a r e a .  One o t h e r  c o n f i n e d  a q u i f e r  (Peedee)  and i n t e r -  
v e n i n g  c o n f i n l n g  u n i t  (Peedee  c o n f i n i n g  u n i t )  l o c a t e d  i n  n o r t h e a s t e r n  N o r t h  
C a r o l i n a ,  a s  w e l l  a s  a  c o n f i n i n g  u n i t  ( S t .  H a r y s  c o n f i n i n g  u n i t )  l o c a t e d  n o r t h  
o f  t h e  J a m e s  R i v e r ,  were  i n c l u d e d  i n  t h e  model  framework f o r  h y d r o l o g i c  
a n a l y s i s .  T a b l e  1 summar izes  r e l a t i o n s  be tween  t h e  hyd rogeo log i c  u n i t a  and 
g e o l o g i c  f o r m a t i o n s  and a g e s  a n d  c o r r e s p o n d i n g  h y d r o g e o l o g i c  names used  i n  
p r e v i o u s  i n v e s t i g a t i o n s .  Lower C r e t a c e o u s  s e d i m e n t s  i n c l u d e  t h e  l o v e r  and  
m i d d l e  Potornac a q u i f e r s  and  c o n f i n i n g  u n i t s ;  Upper  Cre t aceous  s e d i m e n t s  
i n c l u d e  t h e  u p p e r  Potomac,  V i r g i n i a  Beach, and  Peedee  a q u i f e r s  and c o n f i n i n g  
u n i t s ;  T e r t i a r y  s e d i m e n t s  i n c l u d e  t h e  A q u i a ,  Chickahominy-Piney P o i n t ,  and  
Y o r k t o v n - E a s t o v e r  a q u i f e r s ,  and  Nanjemoy-Marlboro,  C a l v e r t ,  S t .  H a r y s ,  and 
Y o r k t o m  c o n f i n i n g  u n i t s ;  and  Q u a t e r n a r y  s e d i m e n t s  comprise t h e  Columbia 
a q u i f e r .  

A b r i e f  d i s c u s s i o n  of t h e  n i n e  a q u i f e r s  and i n t e r v e n i n g  c o n f i n i n g  u n i t s  
u s e d  i n  model  a n a l y s i s  is p r e s e n t e d .  The r e a d e r  is r e i e r r e d  t o  Heng and Har sh  
(1986) f o r  a  more d e t a i l e d  d e a c r i p t i o n  of a g e ,  l i t h o l o g i c  c h a r r c t e r i s t i c s ,  and 
s t r a t i g r a p h y  o f  e a c h  a q u i f e r  and c o n f i n i n g  u n i t .  T h i s  r e p o r t  f o l l o w s  t h e  
b a s i c  f ramework  o u t l i n e d  by Heng and Har sh ;  however ,  t h e  a r e a l  e x t e n t  and 
t h i c k n e s s  of  s e v e r a l  a q u i f e r s  and  c o n f i n i n g  u n i t s  were  r e v i s e d  a f t e r  a n a l y z i n g  
g e o p h y s i c a l  l o g s  and v a t e r - l e v e l  d a t a  c o l l e c t e d  d u r i n g  t h i s  s t u d y  ( A . A .  Meng, 
U.S. G e o l o g i c a l  S u r v e y ,  w r i t t e n  commun., 1986). F i g u r e  2 shows l o c a t i o n s  o f  
w e l l s  u s e d  i n  t h e  h y d r o g e o l o g i c  framework a n a l y s i s .  F igu re s  3 t h r o u g h  10 
i l l u s t r a t e  t o p s  of  e a c h  a q u i f e r  r e l a t i v e  t o  s e a  l e v e l  and a r e a l  e x t e n t ,  and  
f i g u r e s  1 1  t h r o u g h  19 i l l u s t r a t e  t h i c k n e s s  and a r e a l  e x t e n t  of con£  i n i n g  
u n i t s .  F i g u r e  20 i l l u s t r a t e s  g e n e r a l  d e p t h  of  a q u i f e r s ,  c o n f i n i n g  u n i t s ,  and 
basemen t  f rom t h e  F a l l  L i n e  t h r o u g h  s o u t h e a s t e r n  V i r g i n i a .  Table  2 d e s c r i b e s  
g e n e r a l  h y d r o g e o l o g i c  c h a r a c t e r i s t i c s  and we11 y i e l d s  f o r  i n d i v i d u a l  
a q u i f e r s  i n  t h e  model a r e a .  

The l o v e r  Potornac a q u i f e r  i n  t h e  l o v e r  p a r t  o f  t h e  Potomac Fo rma t ion  is 
t h e  l o v e r m o s t  c o n f i n e d  a q u i f e r  i n  t h e  h y d r o g e o l o g i c  framevork and  l i e s  
e n t i r e l y  o n  basement .  T h i s  a q u i f e r  is t h i n n e s t  a l o n g  i t s  v e s t e r n  l i m i t  n e a r  
t h e  F a l l  L i n e  and t h i c k e n s  s eaward .  T h i c k n e s s  i n  t h e  s t u d y  a r e a  r a n g e s  from 
n e a r  zero a t  t h e  F a l l  L i n e  t o  882 f e e t  a t  v e i l  61C1 i n  t h e  c i t y  of  Nor fo lk .  
The a q u i f e r  p r e d o m i n a n t l y  c o n s i s t s  o f  t h i c k  i n t e r b e d d e d  sequence!, of medium- 
t o  v e r y  c o a r s e - g r a i n e d  s a n d ,  c l a y e y  s a n d ,  and  c l a y  v i t h  i n t e r b e d d e d  g r a v e l .  
I t  is  c a p a b l e  of  s u p p l y i n g  l a r g e  q u a n t i t l e s  o f  v a t e r  b u t  g e n e r a l l y  l i e s  t o o  
d e e p  t o  be a f f o r d a b l e  f o r  a l l  b u t  l a r g e  i n d u s t r i a l  u s e r s .  E l e v a t e d  c h l o r i d e  
c o n c e n t r a t i o n s  i n  t h e  e a s t  r e s t r i c t  its u s e  a s  a  p o t a b l e  sou rce  of  v a t e r .  The 
l o v e r  Potornac a q u i f e r  is o v e r l a i n  by t h e  l o w e r  Potornac c o n f i n i n g  u n i t  
t h r o u g h o u t  i t s  e x t e n t .  The c o n f i n i n g  u n i t  is composed o f  s equences  o f  b rovn ,  
g r a y ,  o r  d a r k - g r e e n  c a r b o n a c e o u s  c l a y ,  i n t e r b e d d e d  v i t h  t h i n ,  sandy  c l a y .  The 
c l a y  b e d s  a r e  n o t  c o n t i n u o u s  o r  a r e a l l y  e x t e n s i v e  b u t ,  i n s t e a d ,  a r e  a  s e r i e s  o f  
i n t e r l e n s i n g  c l a y e y  d e p o s i t s .  Because  of t h i s  d e p o s i t i o n a l  p a t t e r n ,  t h e  con- 
f  i n i n g  u n i t  v a r i e s  c o n s i d e r a b l y  i n  t h i c k n e s s ,  r a n g i n g  f rom a  t h i n  edge  i n  t h e  
w e s t e r n  p a r t  o f  t h e  s t u d y  a r e a  t o  a p p r o x i m a t e l y  80 f e e t  i n  t h e  c i t y  o f  
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f& lo  2.--Dascrlptlon of rpu l fa rs  and wa l l  y t r l d s  fn -1 a r r r  
l v r i u a s  rn gallons per  r i n u t e j  
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clayey: 1ntrrb.dd.d rlVl s l ? t  and c lay  
F l u r f a l  to marlne In ortgtn;  dpostt1o;l 
r rsu lu  l n  t a r r r c c t y p o  ~ s l t s  fm 
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Mu1 t l r q u l f r r  unl t .  Wostly conflned, uncon- 
fined w d l p  I n  outcrop arras. T h f c k ~ s s  
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Hlghost y la lds I n  eastern arras, t h l n  to 
m1 sslng I n  wastarn arras. Watrr 1s hard, 
sodlwalc1\a-b1carbonate typr. Sal ty 
water I n  lowrr pa r t  o f  aqul far  I n  r r rs t rm 
arras. 

Cenwul l  conflned, excspt wherr I t  crcgs out  
a,o~q major s t r a m  val leys i n  the r e s t  
Srrportmt aqulfar I n  c r n t r r l  par ts  o f  bas ta1  
Plain.  Ylalds mdarate t o  abundant s u p ~ l l r s  
to daus t l c .  ssal l  lndust r la l ,  and mnlc lpa l  
wells. AQJlfrr d s s i  I n  wsstrrn aroas. W a t t  
1s s o f t  to Md, ca13um-sot i1ua-~1ark ,Mtr  
type and qanrrr l  l y  o f  good t y a l  I t y .  

Gsnr r r l l  tonflnad, exc lg t  whare It crops out 
along qor strraa v a l l r y s  i n  t tw  rest. 
l rpor tan r q l f a r  I n  nor thr rn  two-thirds of 
Coastal Plr ln.  Ylalds moderate supplles to 
domastlc, small Inr fustr la l ,  and munlclpal 
walls. Aqul f r r  miss1 I n  tastarn arras. 
Yatar 1s sof t  sodturn-s carbonate t p a .  u l t h  
h lgh Im, sulf lde, and hardnrss locally. 

R e s t r l W  Lo Uorth Camllna Coastal Plaln; 
rot w t ~ s f v s l  developed. Ylelds sral l  to 
mderata suppll(es to p r l n a r l l y  doaestlc 
wal ls.  Watrr I s  sof t ,  sodlun-blcarbonatr 
type, wl th high chlor ldas i n  eastern arras. 

Wul t lacpt far  unl t .  Restr lc tad t o  south- 
a a s t r m  Y l  f n i r  and North Carollna Coastal 
Plain. V 3 d r  a d r r a t e  tO abundant suppl las 
to h r t l c  and l n & s t r l a l  wells. Watrr 1s 
sof t .  sd lw -b l ca rbona t r  type, w l t h  h i  h 
c h l o r t d u  i n  u s t o r n  arras and a rms  of hlgh 
f l u o r l b  and dlssolvod sollds. 

W l t l a g u l f a r  unlt.  Conflnad, rastrlct@d to 
central  &nd rastarn arms.  Y l r lds  suond 
la rgest  supply o f  watrr  I n  Coastal Plr ln.  Vatrr 
1 s soft, sodlua-chlorlda-blcsrbnatr typr, w i t h  
hlgh chlor ldrs I n  aastarn araas. 

Wul t l a q u i f r r  unt t .  Oenarally conf l n d ,  uncon- 
fined l n  w t c m p  areas o f  nor thwstern  Coastal 
P la fn  and major stream va l l r ys  near F r l l  l lne.  
Y l r l ds  suond largest  supply o f  water I n  Coasta  
Plaln.  Water I s  moderately hard, sodiur-chlorl 
- b l c a r b o ~ t r  t e, w i t h  hlgh chlorldes In  eastsi 
h a l f  o i  ~oartaP'Plaln. 

Wul t l a c ~ ~ l f a r  unl t .  Generally c o n f l n d .  uncon- 
f i n r d  I n  o u t c r c ~  areas of northwastern arra of 
Coastal Plr ln. Ylalds t h l r d  la rgest  supply of 
water I n  Coastal Plaln. Water I s  so f t  to vary 
hard, and o f  sodlun-bicarbonate to sodlur- 
chlor fde type, w l th  hlgh chlor ides I n  rastarn 
h a l f  o f  Coastal Plaln. 



V i r g i n i a  Beach ( f i g .  11). It is o v e r l a i n  by t h e  middle Potomac a q u i f e r  
t h r o u g h o u t  its e x t e n t .  

Ih4 m i d d l e  Potomac a q u i f e r  i n  t h e  m i d d l e  p a r t  of  t h e  Potomac Formation i r  
t h e  s e c o n d  t h i c k e s t  c o n f i n e d  a q u l f e r .  I t  is p r e s e n t  throughout  t h e  r t u d y  
a r e a .  It r a n g e s  i a  t h i c k n e s s  i n  t h e  s t u d y  a r e a  from a  t h i n  edge a long  t h e  
1.11 L l n s  t o  a p p r o x i m a t e l y  500 f e e t  i n  t h e  c i t y  o f  Norfolk ( v e l l  61Cl) .  The 
a q u i f e r  is  composed of i n t e r l e n s i n g  c l a y ,  s i l t ,  and f i n e -  t o  c o a r s e - g r a i n e d  
r and ,  v i t h  i n t e r b e d d e d  g r a v e l .  The a q u i f e r  is c a p a b l e  of  supp ly ing  l a r g e  
q u a n t i t l s s  o f  w a t e r  and is u t i l i z e d  by mast l a r g e  i n d u s t r i a l  and mun ic ipa l  
users t h r o u g h o u t  t h e  v e s t e r n  and c e n t r a l  p a r t  o f  t h e  s t u d y  r r e a .  Hovever, a s  
v i t h  t h e  u n d e r l y i n g  a q u i f e r ,  h i g h  c h l o r i d e  c o n c e n t r a t f o n a  a r e  p r e s e n t  i n  t h e  
e a s t e r n  p a r t  of t h i s  a q u i f e r ,  r e s t r i c t i n g  i t s  u s e  a s  8 p o t a b l e  a o u t c e  of 
v a t e r .  The  midd le  Potomac a q u l f e r  is  o v e r l a i n  by t h e  middle Potomac c o n f i n i n g  
u n i t  t b r o u g h o u t  i ts  e x t e n t .  A s  w i t h  t h e  l o w e r  Potomac conf in ing  u n i t ,  t h i s  
c o n f i n i n g  u n i t  is h i g h l y  v a r i a b l e  i n  t h i c k n e s s  throughout  t h e  s t u d y  a r e a ,  
r a n g i n g  f r o m  a f e a t h e r e d g e  i n  t h e  w e s t  t o  132  f e e t  i n  t h e  c i t y  of Chesapeake 
( w e l l  6OB3, f i g .  12) .  I t  is o v e r l a i n  by t h e  u p p e r  Potomac a q u i f e r  i n  t h e  
c e n t r a l  a n d  e a s t e r n  p a r t  of  t h e  s t u d y  a r e a  and t h e  Aquia a q u i f e r  la t h e  
v e s t e r n  p a r t .  

The u p p e r  Potomac a q u i f e r  i n  t h e  u p p e r  p a r t  o f  t h e  Potomac Format ion  i m  
composed o f  Upper C r e t a c e o u s  s e d i m e n t s  and is t h e  t h i n n e s t  of  t h e  t h r e e  
Potomrc a q u i f e r s .  The a q u i f e r  l a  p r e s e n t  i n  t h e  e a s t e r n  two- th i rds  o f  t h e  
s t u d 7  a r e a  and is conf ined  th roughou t  i ts  e x t e n t .  The sands t h i c k e n  t o  t h e  
e a s t ,  r a n g i n g  from a  t h i n  edge a t  t h e  u p d i p  l i m i t  t o  approximately 280 f e e t  i n  
t h e  c i t y  of V i r g i n i a  Beach ( v e l l  63C1). I t  is composed of very  f i n e -  t o  
medlu- ,-grained,  t h i ck ly -bedded  sand i n t e r l a y e r e d  v i t h  s i l t y ,  t h l n  c l a y .  
Grave l  a n d  c o a r s e - g r a i n e d  s a n d s  a r e  r a r e .  The a q u i f e r  is capable  of producing  
l a r g e  q u a n t i t i e s  o f  g e n e r a l l y  good q u a l i t y  v a t e r  and is a p r l n c l p a l  s o u r c e  o f  
ground v a t e r  f o r  mun ic ipa l  and i n d u s t r i a l  u s e  t h r o u g h o u t  the  c e n t r a l  p a r t  o f  
t h e  s t u d y  a r e a .  Water  q u a l i t y  d e g r a d e s  somewhat i n  the e a s t  because  of  
i n c r e a s i n g  c h l o r i d e  and f l u o r i d e  c o n c e n t r a t i o n s .  The upper Potomac a q u i f e r  is 
o v e r l a i n  b y  t h e  u p p e r  Potomac c o n f i n i n g  u n i t .  The conf in ing  u n i t  1s r e l a -  
t i v e l y  t h l c k ,  a t t a i n i n g  its maximum t h i c k n e s s  o f  192 f e e t  i n  s o u t h e a s t e r n  
V l r g l n i a  ( w e l l  61B2, f i g .  13) .  I t  is o v e r l a i n  by t h e  Aquia a q u l f e r ,  e x c e p t  
i n  t h e  s o u t h e a s t e r n  p a r t  o f  t h e  s t u d y  a r e a  and n o r t h e a s t e r n  North C a r o l i n a  
where it is o v e r l a i n  by t h e  V i r g i n i a  Beach a q u i f e r ,  and i n  t h e  n o r t h e a s t e r n  
p a r t  o f  t h a  s t u d y  r r e a  v h e r e  it is o v e r l a i n  by t h e  Chickahominy-Piney P o i n t  . 
a q u i f e r .  

The V i r g i n i a  Beach a q u i f e r  1 s  composed of unnamed Upper Cre t aceous  a a d i -  
merits. I t  is p r e s e n t  o n l y  i n  s o u t h e a s t e r n  V i r g i n i a  and is  e q u i v a l e n t  t o  t h e  
B l a c k  C r e e k  Format ion  i n  n o r t h e a s t e r n  Nor th  C a r o l i n a .  The a q u i f e r  is named 
f o r  t h e  c i t y  o f  V i r g i n i a  Beach f o r  t h e  p u r p o s e  o f  t h i s  r e p o r t .  I t  is c o n f i n e d  
t h r o u g h o u t  i ts e x t e n t .  The sed imen t s  i n  t h e  s t u d y  a r e a  range i n  t h i c k n e s s  
from n e a r  z e r o  a t  t h e  u p d l p  l i m i t  t o  a p p r o x i m a t e l y  110 f e e t  i n  t h e  c i t y  of 
Chesapeake  ( w e l l  6182). They p redominan t ly  c o n s i s t  of  f i n e -  t o  medium-grained 
g l a u c o n i t i c  s a n d ,  i n t e r b e d d e d  w i t h  t h i n  c l a y  l a y e r s  and indura t ed  zones .  
S h e l l  m a t e r i a l  is common. The a q u i f e r  is c a p a b l e  of producing modera te  t o  
abundan t  q u a n t i t i e s  o f  g e n e r a l l y  good q u a l i t y  v a t e r  f o r  domest ic  and 
i n d u s t r i a l  u s e .  The a q u i f e r  is o v e r l a i n  e n t i r e l y  by t h e  V i r g i n i a  Beach con- 
f i n i n g  u n i t .  T h i s  u n i t  c o n s i s t s  o f  a s e r i e s  o f  c l a y ,  s i l t y  c l a y ,  and sandy  



c l a y  bedr  and r ange r  i n  t h i c k s e r a  w i t h i n  t h e  a t u d ~  a r e a  f r m  l e s r  t h a n  LO f e e t  
mar t h e i r  upd ip  l i m i t  t o  29 f r a t  i n  t h e  c i t y  o f  V i r g i n f a  Beach ( w e l l  61A2, 
f f g .  14). The c o n f i n i n g  u n i t  is o v a r l a i n  by t h e  Aquia a q u i f e r ,  e x c e p t  i n  
m o r t h e a s t r r n  Nor th  C a r o l i n a  v h e r e  it is o v e r l a i n  by t h e  Peedee a q u i f e r ,  and i n  
t b  n o r t h e a s t e r n  p a r t  o f  t h e  s t u d y  r r e a  where it is o v e r l a i n  by t h e  
ahfckahominy-Piney P o i n t  a q u i f @ r .  

The Peedee  a q u i f e r  i n  the Peedee  Forma t ion  is r e s t r i c t e d  t o  t h e  North 
C a r o l i n a  C o a s t a l  P l a i n  and  i r  n o t  p r e a e n t  i n  t h e  s tudy  a r e a .  Howaver, it is 
d e s c r i b e d  h e r e  because  it l a  i n c l u d e d  i n  t h e  model f r u a e v o r k  f o r  h y d r o l o g i c  
a n a l y s i s .  I t  i r  c o n f i n e d  t h r o u g h o u t  i t s  e x t e n t .  The sed imen t8  range  from a 
f e a t h e r e d g e  a t  t h e i r  v e s t e r n  l i m i t  t o  a b o u t  300 f a e t  a long t h e  A t l a n t i c  Coas t  
[M.D.  Winner, U.S. G e o l o g i c a l  Su rvey ,  w r i t t e n  cornnun., 1 9 8 4 ) ,  and p redominan t ly  
c o n s i s ' t  o f  g l a u c o n i t i c  and s h e l l y  s a n d ,  i n t e rbedded  w i t h  d a r k ,  micrceous  
s i l t  and c l a y .  The a q u i f e r  is n o t  e x t e n s i v e l y  developed and p r i m a r i l y  y i e l d s  
-11 t o  modera te  s u p p l i e s  t o  domes t i c  u s e r s .  It  is e n t i r e l y  o v e r l a i n  by t h e  
P a e d e e  c o n f i n i n g  u n i t .  C o n f i n i n g  u n i t  s e d i m e n t s  a r e  composed o f  c l a y ,  s i l t y  
c l a y ,  and sandy c l a y  and  r a n g e  i n  t h i c k n e s s  from a  t h i n  edge  a t  t h e  upd ip  
l i m i t  t o  a p p r o x i m a t e l y  100 f e e t  b e n e a t h  e a s t e r n  Albemarlr Sound ( f i g .  IS) .  
i h a  c o n f i n i n g  u n i t  is o v e r l a i n  by t h e  Aquia a q u i f e r .  

The Aquia a q u i f e r  i n  t h e  Aquia Forma t ion  is t h e  d e e p e s t  T e r t i a r y  a q u i f e r  
Ln t h e  framevork.  I t  i s  p r e s e n t  t h r o u g h o u t  t h e  s tudy  a r e a ,  e x c e p t  i n  8 band 
a l o n g  t h e  F a l l  L ine ,  i n  t h e  Chesapaake Bay r e g i o n ,  and i n  a band a long  t h e  
coclst. The a q u i f e r  is c o n f i n e d  t h r o u g h o u t  i t s  e x t e a t ,  e x c e p t  where it cropaA 
out a long major  s t r e a m  v a l l e y s  i n  t h e  v e s t .  The a q u i f e r  is t h i c k e s t  i n  
tha  c e n t r a l  p a r t  O F  t h e  s t u d y  a r e a  ( a p p r o x i m a t e l y  65 f e e t  a t  w e l l  55F20) and 
t b l n s  t o  a  f e a t h e r e d g e  a l o n g  b o t h  t h e  u p d i p  and dovndlp l i m i t s .  The updip  
1 h i t  is e r o s i o n a l  and t h e  dovnd ip  l l m i t  is g r a d a t i o n a l  v h e r e  t h e  sandy s e d i -  
t r n t s  change f a c i e s  t o  c l a y .  The s e d i m e n t s ,  depos i t ed  i n  e h a l l o v  marine 
w a t e r s ,  a r e  t y p i c a l l y  f i n e -  t o  medium-grained g l a u c o n i t i c  s a n d ,  in terbedded 
w i t h  s i l t ,  c l a y ,  and t h i n ,  i n d u r a t e d  s h e l l  beds .  The a q u i f e r  is a n  impor tant  
g r o u n d - w a t e r  r e s o u r c e ,  p a r t i c u l a r l y  i n  t h e  c e n t r a l  p a r t  o f  t h e  s t u d y  r r e a  
*ere  it y i e l d s  modera to  s u p p l i e s  t o  d o m e s t i c ,  s m a l l  i n d u s t r i a l ,  and munic ipa l  
w a l l s .  The Aquia a q u i f e r  is o v e r l a i n  by t h e  Nanjemoy-Marlboro c o n f i n i n g  u n i t .  
mis u n i t  is f a i r l y  u n i f o r m  i n  t h i c k n e s s  t h roughou t  t h e  s t u d y  a r e a ,  ranging 
f r o m  a  t h i n  edge a t  i ts  v e s t e r n  l i m i t  t o  app rox ima te ly  62 f e e t  i n  t h e  c e n t r a l  
part ( v e l l  57F26, f i g .  16).  It is o v e r l a i n  by t h e  Chickahominy-Piney P o i n t  
r q u i f e r .  

The Chickahominy-Piney P o i n t  a q u i f e r  i n  t h e  Chickahominy and Piney  P o i n t  
F o n n a t i o n r  is t h e  m i d d l e  T e r t i a r y  a q u i f e r  and i s  p resen t  t h r o u g h o u t  t h e  s t u d y  
u s a ,  e x c e p t  i n  a  band a l o n g  t h e  F a l l  Line .  I t  is c o n f i n e d  th roughou t  i t s  
c r t e n t ,  e x c e p t  where it c r o p s  o u t  a l o n g  ma jo r  s t r e a m  v a l l e y s  i n  t h e  v e s t .  The 
a q u i f e r  is g e n e r a l l y  wedge-shaped i n  c r o s s  s e c t i o n ,  ranging  f rom nea r  z e r o  
a l o n g  its v e s t e r n  l i m i t  t o  a p p r o x i m a t e l y  160 f e e t  i n  t h e  c i t y  of V i r g i n i a  
S e a c h  ( v e l l  63Cl) .  I t  is l e n t i c u l a r - s h a p e d  n o r t h  of t h e  James R i v e r  from t h e  
u p d i p  l l m i t  t o  t h e  e a s t e r n  p a r t  o f  V i l l i a m s b u r g ,  t h inn ing  t o  a f e a t h e r e d g a  a t  
i t s  updip  l i m i t ,  t h i c k e n i n g  t o  82 f e e t  a t  v e l l  55H6, and t h i n n i n g  t o  30 f e e t  
Fn c e n t r a l  York County ( v e l l  58F18). The a q u i f e r  then becomes vedge-shaped a s  
i t  t h i c k e n s  e a s t v a r d .  The s e d i m e n t s ,  d e p o s i t e d  i n  a  sha l low mar ine  envi ron-  
o t n t ,  a r e  t y p i c a l l y  medium- t o  c o a r s e - g r a i n e d  g l a u c o n i t i c  s a n d ,  i n t e rbedded  
w i t h  s i l t ,  c l a y ,  and t h i n ,  i n d u r a t e d  s h e l l  beds .  The a q u i f e r  is  an  impor tant  



g r o u n d - v a t e r  r e s o u r c e  i n  t h e  c e n t r a l  p a r t  0 t  t h e  s t u d y  a r e a  and ) r i e l d r  
m o d e r a t e  t o  abundant  s u p p l i e a  t o  domes t i c ,  s m a l l  i n d u s t r i a l ,  and m u n i c i p a l  
user.. The Chickahominy-Piney P o i n t  a q u i f e r  is  o v e r l r l n  by t h e  C a l v e r t  con- 
f i n i n g  u n i t  i n  t h e  C a l v e r t  Fo rma t ion .  The c o n f i n i n g  u n i t  f onas  a n  ea s twa rd -  
thickening wedge of  d a r k - g r e e n  c l a y  i n t e r b e d d e d  w i t h  s a n d y  c l a y  and marl .  I t  
a t t a b s  8 maximum t h i c k n e s s  i n  t h e  s t u d y  a r e a  o f  460 f e e t  i n  t h e  c i t y  of 
V f r g l n i r  Beach  ( w e l l  63C1, f  i g .  17) .  I t  is o v e r l a i n  by t h e  Tork tovn-Eaa tover  
a q u i f e r  t h r o u g h o u t  t h e  s t u d y  a r e a .  I n  t h e  n o r t h - c e n t r a l  p a r t  o f  t h e  model 
area,  it is o v e r l a i n  by t h e  S t .  Marys c o n f i n i n g  u n i t .  

 he S t .  Harys c o n f i n i n g  u n i t  i n  t h e  S t .  H a r y s  Fo rma t ion  and b a s a l  p a r t  of 
t h e  o v e r l y i n g  E a s t o v e r  Fo rma t ion  is p r e s e n t  o n l y  i n  t h e  n o r t h - c e n t r a l  p a r t  o f  
t h e  & e l  a r e a  and c o n s i s t s  o f  s h e l l y  t o  l a m i n a t e d  c l a y  i n t e rbedded  v i t h  
v e r y  f l a c - g r a i n e d  sand .  I t  r a n g e s  i n  t h i c k n e s s  f r o m  n e a r  z e r o  a t  i ts  s o u t h e r n  
l i m i t  to a p p r o x i m a t e l y  88 f e e t  i n  t h e  n o r t h e r n  p a r t  o f  t h e  model a r e a  ( v e l l  
5 8 H B ,  ffg. 1 8 ) .  I t  is  o v e r l a i n  by t h e  York tovn -Eas tove r  a q u i f e r .  

The York town-Eas tove r  a q u i f e r  i n  t h e  l o v e r  p a r t  o f  t h e  Yorktovn Format ion  
and  u p p e r  p a r t  of t h e  u n d e r l y i n g  E a s t o v e r  F o r m a t i o n  is t h e  uppermost T e r t i a r y  
a q u i f e r .  I t  is p r e s e n t  t h r o u g h o u t  t h e  s t u d y  a r e a ,  e x c e p t  i n  t h e  middle  and 
u p p e r  r e a c h e s  of  m a j o r  s t r e a m  v a l l e y s  v h e r e  I t  h a s  been  removed by e r o s i o n .  
The a q u i f e r  is u n c o n f i n e d  i n  a  b road  a r e a  p a r a l l e l  t o  t h e  F a l l  L i n e  i n  t h e  
v e s t e r n  p a r t  o f  t h e  s t u d y  a r e a ,  and is  c o n f i n e d  i n  t h e  c e n t r a l  and e a s t e r n  
p a r t s  ( f  l g .  10). I t  fo rms  a n  e a s t v a r d - t h i c k e n i n g  vedge  o f  s h e l l y ,  ve ry  f i n e -  
t o  c o a r s e - g r a i n e d  s a n d ,  i n t e r b e d d e d  v i t h  s i l t ,  c l a y ,  s h e l l  beds ,  and g r a v e l .  
T h i c k n e s s  i n  t h e  s t u d y  a r e a  r a n g e s  Erom n e a r  z e r o  a t  i t s  Western and e roded  
l i m i t s  t o  a p p r o x i m a t e l y  280 f e e t  i n  t h e  c i t y  o f  V i r g i n i a  Beach ( w e l l  6 3 C l ) .  
The a q u i f e r  i s  an  i m p o r t a n t  g round-wa te r  r e s o u r c e  i n  s o u t h e a s t e r n  V i r g i n i a  f o r  
d o m e s t i c ,  commerc i a l ,  and  l i g h t  i n d u s t r i a l  u s e .  I t  is a n  Impor tan t  s o u r c e  of 
r e c h a r g e  t o  t h e  u n d e r l y i n g  c o n f i n e d  sys tem i n  t h e  v c s t e r n  p a r t  o f  t h e  s t u d y  
a r e a  v h e r e  i t  is u n c o n f i n e d .  The Yorktown-Eas tover  a q u i f e r  is o v e r l a i n  by t h e  
Y o r k t o v n  c o n f i n i n g  u n i t  i n  t h e  u p p e r  p a r t  o f  t h e  York tovn  Formation.  T h i s  
u n i t  c o n s i s t s  of m a s s i v e ,  we l l -bedded  c l a y  and s i l t y  c l a y ,  c o n t a i n i n g  s h e l l s  
and  f l c e - g r a i n e d  sand .  I t  r a n g e s  i n  t h i c k n e s s  i n  t h e  s t u d y  a r e a  from a  
f e a t h e r e d g e  a t  i t s  w e s t e r n  l i m i t  t o  a p p r o x i m a t e l y  56 f e e t  i n  t h e  c i t y  of  
V i r g i n i a  Beach  ( w e l l  63C1, f i g .  1 9 ) .  Along i t s  w e s t e r n  l i m i t ,  t h e  c o n f i n i n g  
u n i t  is h i g h l y  d i s s e c t e d .  The u n i t  is o v e r l a i n  by t h e  Columbia a q u i f e r  i n  t h e  
e a s t e r n  p a r t  o f  t h e  s t u d y  a r e a .  

The Columbia  a q u i f e r  is t h e  uppermost  a q u i f e r  and  is unconf ined  t h roughou t  
i t s  e x t e n t .  I t  1 s  p r e s e n t  o n l y  i n  t h e  c e n t r a l  and  e a s t e r n  p a r t s  o f  t h e  s t u d y  
a r e a .  The  a q u i f e r  c o n t a i n s  t h e  younges t  s e d i m e n t s  o f  t h e  V i r g i n i a  C o a s t a l  
P l a i n ,  consisting of  i n t e r b e d d e d  g r a v e l ,  s and ,  s i l t ,  and c l a y .  The s e d i m e n t s  
r a n g e  i n  t h i c k n e s s  Erorn 10 t o  80 f e e t  and r e p r e s e n t  Holocene s ed imen t s  and 
t e r r a c e - t y p e  d e p o s i t s  l a  id down d u r i n g  P l e i s t o c e n e  t ime  when s e a  l e v e l s  f  l u c -  
t u a t e d  c o n s i d e r a b l y .  The a q u i f e r  is an  i m p o r t a n t  g r o u n d - v a t e r  r e s o u r c e  f o r  
r u r a l  a c d  d o m e s t i c  u s e r s .  I t  1s a l s o  a m a j o r  s o u r c e  of r echa rge  t o  t h e  
u n d e r l y i ~ g  a q u i f e r  sys tem.  

H y d r a u l i c  C h a r a c t e r i s t i c s  o f  A q u i f e r s  

H y d r a u l i c  c h a r a c t e r i s t i c s  d e s c r i b e  t h e  a b i l i t y  o f  a n  a q u i f e r  t o  t r a n s m i t ,  
s t o r e ,  o r  r e l e a s e  w a t e r .  The a b i l i t y  t o  t r a n s m i t  w a t e r  is  d e s c r i b e d  i n  t e r m s  



of i t a  t r a n s m i s s i v i t y  o r  i t8 h y d r a u l i c  c o n d u c t i v i t y l .  T r r n s m i s s i v i t y  o f  a n  
a q u i f e r  i s  t h e  r a t e  r t  v h i c h  V a t o r  v i i l  f l o w  h o r i z o n t a l l y  t h r o u g h  a  v e r t i c a l  
s t r i p  1 - f o o t  v i d e  e x t e n d i n g  t h r o u g h  t h e  f u l l  s a t u r a t e d  t h i c k n e s s .  I t  is  t h e  
p r o d u c t  of t h e  h o r i z o n t a l  h y d r a u l i c  c o n d u c t i v i t ~  and s a t u r a t e d  t h i c k n e s s .  
H ~ d r r u l f c  c o n d u c t i v i t y  i n v o l v e r  t h e  water-transmitting p r o p e r t i e s  of  t h e  s s d i -  
m n t ,  v h i c h  depend on s u c h  t h i n g s  a 8  t h e  r i z e  and  arrangement  o f  pore.. V a t r r  
flws more f r e e l y  i n  c o a r s e - g r a i n e d  s e d i m e n t ,  s u c h  ra g r a v e l ,  t h a n  i n  
f i n e - g r a i n e d  s e d i m e n t ,  s u c h  a 8  s i l t  a n d  c l a y .  The a b i l i t y  o f  an  a q u i f e r  t o  
s t o r e  o r  r e l e a s e  v r t e r  is d e s c r i b e d  by i t s  s t o r a g e  c o e f f i c i e n t .  S t o r a g e  c o e f -  
f i c i e n t  is t h e  volume o f  v a t e r  r e l e a s e d  f rom o r  t a k e n  i n t o  s t o r a g e  p e r  u n i t  o f  
s u r f a c e  a r e a  o f  t h e  a q u i f e r  p e r  u n i t  change  i n  h y d r a u l i c  head. The r e l a t i v e  
m g n i t u d e  of t h e  s t o r a g e  c o e f f i c i e n t  d e p e n d s  on whether  t h e  a q u i f e r  is c o n f i n e d  
or u n c o n f i n e d ,  I n  uncon f ined  a q u i f e r s ,  v a t e r  is r e l e a s e d  from s t o r a g e  p r i -  
m a r i l y  because  o f  g r a v i t y  d r a i n a g e  o f  s e d i m e n t s .  Values f o r  s t o r a g e  i n  uncon- 
f i n e d  a q u i f e r s  r ange  f rom 1 x 1 0 ' ~  t o  3 x 1 0 ' ~  ( F r e e z e  and Che r ry ,  1979) .  I n  
c o n f i n e d  a q u i f e r s ,  v a t e r  is  r e l e a s e d  f rom compres s ion  of t h e  a q u i f e r  and ex  an- 
, i o n  o f  r a t e r .  Va lues  f o r  c o n f i n e d  a q u i f e r s  g e n e r a l l y  range  from 1 ~ 1 0 ' ~  t o  
1x10 '~ (Lohman, 1972) .  

T r a n s m i s s i v i t y  and s t o r a g e  c o e f f i c i e n t  were  e s t i m a t e d  f o r  con f ined  
a q u i f e r s  v i t h i n  t h e  model a r e a  and  l a t e r  used i n  model deve lopment .  
T h e s e  e s t i m a t e s  v e r e  d e r i v e d  from a n a l y s e s  o f  a q u i f e r -  and s p e c i f i c - c a p a c i t y -  
t e s t  d a t a .  The a q u i f e r  t e s t s  i n v o l v e d  c o l l e c t i o n  of t ime-drawdovn d a t a  a t  r 
pumping  v e l l  and a t  one o r  more o b s e r v a t i o n  w e l l s .  W a t e r - l e v e l  d e c l i n e  var 
w n i t o r e d  i n  a l l  w e l l s  t h roughou t  t h e  pumping p e r i o d .  S p e c i f  i c - c a p a c i t y  t e s t s  
i n v o l v e d  one  pumping v e l l .  S p e c i f i c  c a p a c i t y  i s  t h e  r a t i o  of t h e  r a t e  a t  
w h i c h  v a t e r  is  v i t h d r a w n  t o  w a t e r - l e v e l  d e c l i n e  i n  a v e l l .  A q u i f e r - t e s t  and 
s p e c i f i c - c a p a c i t y - t e s t  d a t a  were c o l l e c t e d  f rom l o c a l  d r i l l e r s ,  p r i v a t e  f i r m s ,  
a n d  S t a t e  and l o c a l  a g e n c i e s .  The method o f  d a t a  c o l l e c t i o n  and l e n g t h  of 
r e c o r d  and pumpage v a r y  v i t h  e a c h  t e s t  and ,  t h e r e f o r e ,  d a t a  may be q u i t e  
v a r i a b l e .  

Methods deve loped  by T h e i s  ( l 9 3 5 ) ,  Cooper-Jacob (l946), and Hantush  
( 1 9 6 0 )  v e r s  used  t o  a n a l y z e  a q u i f e r - t e s t  d a t a .  Tha T h e i s  and Cooper -Jacob  
m e t h o d s  assume t h a t  t h e  o n l y  s o u r c e  o f  v a t e r  t o  a  pumping w e l l  is from t h e  
~ e n e t r a t e d  a q u i f e r - - n o  v a t e r  is  d e r i v e d  f rom t h e  o v e r l y i n g  o r  u n d e r l y i n g  con- 
f i n i n g  u n i t s .  These  methods commonly a r e  r e f e r r e d  t o  a s  "non- leakyn  $ 0 1 ~ -  
t i o n s .  The Hantush  method i n c l u d e s  v e r t i c a l  l e akage  t h rough  con£ i n i n g  u n i t s  
a s  r s o u r c e  of  v a t e r  t o  a pumping v e l l  and i 3  knovn as a  " l e a k y n  s o l u t i o n .  
T r a n s m i s s i v i t y  v a l u e s  o b t a i n e d  by t h e  Han tush  method a r e  l ower  t h a n  t h o s e  
c o m p u t e d  by t h e  non- leaky  methods b e c a u s e  o f  t h e  c o n t r i b u t i o n  of  v e r t i c a l  
l e a k a g e .  T h i s  method is c o n s i d e r e d  t o  be  t h e  most a p p r o p r i a t e  of  t h e  t h r e e  
s a t h o d s  f o r  a n a l y s i s  o f  a q u i f e r - t e s t  d a t a  i n  C o a s t a l  P l a i n  a q u i f e r s  because  
c o n f i n i n g  u n i t s  c o n t r i b u t e  r s i g n i f i c a n t  amount of  v a t e r .  Va lues  f o r  a q u i f e r  
t r a n s m i s s i v i t y  and s t o r a g e  c o e f f i c i e n t  f o r  i n d i v i d u a l  a q u i f e r s  i n  t h e  model 
a r e a  t h a t  v e r e  d e r i v e d  from a q u i f e r - t e s t  d a t a  a r e  s u m a r i z e d  by method i n  t a b l e  
3. The v a l u e s  were  de t e rmined  a s  p a r t  o f  t h i s  s t u d y  u s i n g  t h e  t h r e e  methods 
d e s c r i b e d  above where f i e l d  d a t a  we re  o b t a i n a b l e .  L%ere f i e l d  d a t a  v e r e  n o t  
a v a i l a b l e ,  t h e  v a l u e s  v e r e  o b t a i n e d  f rom S t a t e  and l o c a l  a g e n c i e s  who used  o n e ,  
t w o ,  o r  a l l  of t h e  above methods. No d i s t i n c t i o n  is made i n  t a b l e  3 on t h e  
s o u r c e .  

' 

H y d r a u l i c  c o n d u c t i v i t y  r e f e r r e d  t o  i n  t h i s  r e p o r t  is in a h o r i z o n t a l  d i r e c t i o n  
- l e s s  s p e c i f i c a l l y  d i s c u s s e d  t o  t h e  c o n t r a r y .  



fable 3 . - S ~ t l s t l c 8 l  sundry of t ransalsslv l ty and storage c o e f f l c l m t  fo r  I nd l v l ba l  aquifers I n  tha 
a d e l  rraa der lvrd - from Hantush, Thels, and CooperJacob analytical w w s a  

[ f t L l d  1s square feat  par day; r dash tndtcatrs no value] 

Analytfcal aethod 
traky k n l  aaky b n l  raky 

type c u m  trpr curve stralght I lne 
Wantush) (me1 s) (Cooper-Jacob) 

Storaga Storage Storage 
Transn!sslvt t y  co r f f l c t8n t  Transalsstvlty coeff l c len t  fransalsstvlty coeff l c len t  

Rqulfer (f A d )  (dlaenslontrss) ( f t2/d) (dlmenstonless) (ft2/d) (dlmens tonless1 

Yorktown- WM 5,750 6 . 3 ~ 1 0 ' ~  8,820 --- 8,820 1 . 3 ~ 1 0 ' ~  
Eastovrr Mtn 330 1. 4x10-' 210 --- 30 1 . 0 ~ 1 0 ' ~  

Wsdlur 3,070 1.1~10'~ 2,470 --- 2,160 2 . 5 ~ 1 0 ' ~  
Mean 3,020 1 . 7 ~ 1 0 ' ~  2,750 l . l x l ~ - ~  1,900 2 . 6 ~ 1 0 ' ~  
N u l P b a  o f  tests 6 6 14 1 32 10 

Upper Wax 8,750 2 . 4 ~ 1 0 ' ~  13,200 6 . 7 ~ 1 0 ' ~  15,000 --- 
Potomac Ml n 1,8M 4.1x10-~ 4,410 1.4x10-~ 2,360 --- 

Wedira --- --a 9,350 2.6~10" 8,300 --- 
Wean --- --- 9,390 3 . 6 ~ 1 0 ' ~  9,230 5 . 0 ~ 1 0 ' ~  
Nu* o f  tests 2 2 8 3 11 1 

Ulddlr  Wax --- --- 38,000 9 . 3 ~ 1 0 ' ~  - 56,800 1 . 4 ~ 1 0 ' ~  
Potomac W l  n --- --- 950 1 . 6 ~ 1 0 ' ~  425 1 . 6 ~ 1 0 ' ~  

Medl aa --- --- 4,920 --- 2.540 2 . 2 ~ 1 0 ' ~  
Mean 5,960 --- 9,130 --- 8,870 3.2~10" 
Nu&* of  tests 1 --- 10 2 15 . 7 

data available for  Vlrglnta Beach and Peedee aquffers 



T a b l o  4 r u m r u r i z e r  v e l l  y i e l d ,  s p e c i f i c  c a p a c i t y ,  t r a n s m i s s i v i t y ,  and 
h y d r a u l i c  c o n d u c t i v i t j  f o r  individu.1 a q u i f e r s  i a  th. model a r e a  t h a t  Vera 
d a r i v e d  from r p e c i f i c - c a p a c i t y  t a r t s .  S p e c i f i c  c a p a c i t y  most o f t e n  is  used  t o  
d.t.rmina t h e  a b i l i t y  o f  a  w e l l  t o  y i e l d  Water ,  hovevar ,  it a l s o  i r  u sed  t o  
e s t i m a t e  t r a n s m i r r  l v i t y  and  h y d r a u l i c  c o n d u c t  i v i t y .  T r a n s m i s s i v i t y  v a s  
d e r i v e d  ua ing  r a o l u t i o n  d e v e l o p e d  by Brown (1963) and T h e i r  (1963)  where it 
fs a f u n c t i o n  o i  s p e c i f i c  c a p a c i t y ,  the ,  and s t o r a g e .  S t o r a g e  was assumed t o  
b. 1.5~10'1 f o r  u n c o n f i n e d  a q u i f e r s  and 1 . 0 ~ 1 0 ' ~  f o r  con f ined  a q u i f e r s  i n  t h i s  
s o l u t i o n .  H y d r a u l i c  c o n d u c t i v i t y  v a r  computed by d i v i d i n g  t r a n e r n i a a i v i t y  by 
s a t u r a t e d  t h i c k n e s s .  The t a b l e  a l s o  g i v e s  v a l u e r  f o r  r p e c i f  i c  c a p a c i t y ,  
t r a n s m i s a i v i t f ,  and  h y d r a u l i c  c o n d u c t i v i t y  t h a t  v e r e  a d j u s t e d  f o r  p a r t i a l  
p a n e t r a t i o n  of t h e  w e l l  i n t o  t h e  a q u i f e r .  These  h y d r a u l i c  c h a r a c t e r i s t i c s  v e r e  
a d j u s t e d  us ing  s o l u t i o n  by Tuscan (1963).  T r a n s a i s s l v i t y  d e r i v e d  f r a  
S p e c i f i c - c a p d c i t y  t e s t s  compare r e a s o n a b l y  v e l l  v i t h  t hosa  o b t a i n e d  i n  t h e  s a w  
areas f  rom a q u i f e r  t e s t s .  S p e c i f  i c - c a p a c i t y  d a t a ,  g e n e r a l l y  e a s i e r  t o  o b t a i n ,  
m y  t h e r e f o r a  be a p p r o p r i a t e  f o r  g e n e r a l  a v a l u a t i o n  o f  a q u i f e r s  i n  a r e a s  l a c k i n g  
a q u i f e r - t e s t  d a t a .  

Occu r rence  and Movement o f  Ground Water 

Fol lowing  is a  d i s c u s s i o n  o f  s t a n d a r d  h y d r o l o g i c a l  c o n c e p t s  a s  a p p l i e d  t o  
t h e  ground-water  s y s t e m  i n  e o u t h e r s t e r n  V i r g i n i a .  These a r e  i n t e g r a t e d  v i t h  
t h e  knovn hydrogeology d e s c r i b e d  e a r l i e r  and v i t h  v a t e r - l e v e l  d a t a  from t h e  
p a s t  100 yea r s .  T h i s  d e s c r i p t i o n  s e r v e d  a s  t h a  b a s i c  c o n c e p t u a l i z a t i o n  
c t c e s s a r y  f o r  model deve lopment .  

Ma jo r  f l o v  b o u n d a r i a s  a r e  t h e  F a l l  L i n e  t o  t h e  v e s t  (which s e p a r a t e s  
r e l a t i v e l y  imperv ious ,  metamorphic  r o c k s  of  t h e  Piedmont p h y s i o g r a p h i c  pro- 
v i n c e  from the  r e l a t i v e l y  pe rmeab le ,  u n c o n s o l i d a t e d  sed imen t s  of t h e  C o a s t a l  
P l a i n  phys iog raph ic  p r o v i n c e ) ,  t h e  f r e e h v a t e r - s a l t v a t e r  i n t e r f a c e  t o  t h e  e a s t ,  
and g r a n i t i c  basement .  The s y s t e m  is  p a r t  o f  t h e  g l o b a l  h y d r o l o g i c  c y c l e  
(fig. 21),  and depends  on  p r e c i p i t a t i o n  a s  i t s  p r l m a q  s o u r c e  o f  v a t e r .  In  
s o u t h e a s t e r n  V i r g i n i a  a b o u t  h a l f  of  t h e  p r e c i p i t a t i o n  r e t u r n s  r e l a t i v e l y  q u i c k l y  
t o  t h e  atmosphere t h r o u g h  d v a p o t r a n s p i r a t i o n  ( w a t e r  v a p o r i z a t i o n  from l a n d ,  s u r -  
f a c e  v a t e r ,  and p l a n t s ) .  The r ema inde r  e i t h e r  becomes o v e r l a n d  f l o v  o r  
i n f i l t r a t e s  i n t o  t h e  g round .  I n f i l t r a t i o n  f i r s t  r e p l a c e s  s o i l  m o i s t u r e  n e a r  t h e  
s u r f a c e  and t h e n  r e c h a r g e s  t h e  w a t e r - t a b l e  a q u i f e r .  Ground-water  movement 
p r e d o m i n a n t l y  i n  l a t e r a l  t h r o u g h  t h i s  a q u i f e r .  Some movement o c c u r s  v e r t i c a l l y  
t h r o u g h  c o n f i n i n g  u n i t 8  i n t o  d e e p e r  a q u i f e r s  and l a t e r a l l y  t h r o u g h  t h e s e  
a q u i f e r s .  D i scha rge  u l t i m a t e l y  o c c u r s  a t  a  v a r i e t y  o f  p o i n t s ,  i n c l u d i n g  
s p r i n g s ,  s t reama,  l a k e s ,  Chesapeake  Bay, and t h e  A t l a n t i c  Ocean. 

The  r a t e  of movement v i t h i n  a n  a q u i f e r  depends  o n  t h e  h y d r a u l i c  c o n d u c t i v i t y  
and  h y d r a u l i c  g r a d i e n t .  H y d r a u l i c  g r a d i e n t  is  t h e  change i n  t o t a l  head ( v a t e r  
l e v e l )  p e r  u n i t  d i s t a n c e ;  w a t e r  moves from h i g h e r  t o  l o v e r  head.  T o t a l  head 
f n v o l v e s  two components t e l s v a t  i o n  and h y d r a u l i c  p r e s s u r e .  I n  a w a t e r - t a b l e  
a q u i f e r  t h e  w a t e r  is a t  a t m o s p h e r i c  p r e s s u r e ;  t h e r e f o r e ,  t h e  w a t e r  l e v e l  i n  a  
nonpumplng w e l l  t a p p i n g  o n l y  t h e  v a t e r  t a b l e  v o u l d  be  t h e  same a s  t h a t  of t h e  
v a t e r  t a b l e .  I n  d e e p e r ,  c o n f i n e d  a q u i f e r s  t h e  h y d r a u l i c  p r e s s u r e  is g r e a t e r  
t h a n  a tmospher ic  p r e s s u r e ;  t h e r e f o r e ,  t h e  l e v e l  i n  a  nonpumping w e l l  t a p p i n g  a  
c o n f i n e d  a q u i f e r  would be some d i s t a n c e  above t h e  t o p  of  t h e  a q u i f e r .  

C o n f i n i n g  u n i t s  g e n e r a l l y  have  h y d r a u l i c  c o n d u c t i v i t i e s  t h a t  a r e  much 
s a l l e r  t h a n  t h o s e  o f  a q u i f e r s .  As a  r e s u l t ,  most  ground-water  f l o v  is 
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Figure 21.--Hydrologic cycle (modified from Heath, 1983). 



l a t e r a l  t h r o u g h  a q u i f e r s .  A s m a l l  amount o f  v e r t i c a l  £1- t h r o u g h  c o n f i n i n g  
u n i t .  o c c u r r ,  c o n t r o l l e d  b  t h a  v e r t i c a l  h y d r a u l i c  c o n d u c t l v l t ~  and u n i t  
thickness. Because  c o n f i n i n g  u n i t s  e x t e n d  o v e r  l a r g e  a r e a s ,  t h e  t o t a l  I 

c o n t r i b u t i o n  t o  a q u i f e r  b u d g e t s  f rom s u c h  v e r t l c r l  f l o v  may be  s i g n i f i c a n t .  I 

L a t e r a l  f l o v  t h r o u g h  c o n f i n i n g  u n i t s  is n e g l i g i b l e .  

Ib. p r e s e n c o  of d e e p  r i v e r  c h a n n e l s  i n  s o u t h e a s t e r n  V i r g i n i a ,  i n c i s e d  
d u r l u  t h e  P l e i s t o c e n e ,  significantly a f f e c t 9  g round-v r t a r  f l o w  t h r o u g h  
~ q u l f e r s  and c o n f i n i n g  u n i t s .  A q u i f e r s  a n d  c o n f i n i n g  u n i t s  v e r e  p a r t i a l l y  o r  
c m p I e t c l y  e r o d e d  and r e p l a c e d  b r  m a t e r i a l  more permeable  t h a n  t h e  c o n f i n i n g  
u n l t a  b u t  l e s s  permeable t h a n  t h e  a q u i f e r s .  V e r t l c r l  f l o v  t h rough  c o n f i n i n g  
u n i t s  i n  t h e  Chesapeake Bay a r e a  and  r l v e r  c h a n n e l s  is enhancedl l a t e r a l  f l o w  
t h r o u g h  a q u i f e r s  i n  t h e s e  a r e a s  1s d e c r e a s e d .  Approximate d e p t h s  o f  t h e  
i n c i s e d  r i v e r s  i n  t h e  V i r g i n i a  C o a s t a l  P l a i n  a r e  p r e sen t ed  i n  Harsh  and  
L a c z n i a k  (1986)  and d i s c u s s e d  i n  Hack (1957) .  

Friar t o  t h e  development  of  v e l l s  i n  s o u t h e a s t e r n  V i r g i n i a ,  a  h y d r a u l i c  
e q u i l  i b r i u m  e x i s t e d  i n  t h e  m u l t l a q u l f e r  sy s t em.  Recharge t o  t h e  t o t a l  s y s t e m  
b a l a n c e d  d i s c h a r g e  t o  s u r f a c e  v a t e r s .  The dovnward movement of v a t e r  i n t o  t h e  
confined a q u i f e r s  p r i m a r i l y  o c c u r r e d  a l o n g  a  n a r r o v  band a p p r o x i m a t e l y  
p a r a l l e l  t o  t h e  F a l l  L i n e  and i n  h l g h e r  e l e v a t i o n s  between major  r l v e r  
v a l l e y s .  L a t e r a l  movement v l t h l n  a q u i f e r s  p r i m a r i l y  was from t h e  P a l l  L i n e  
e a s t v a r d  t o  Chesapeake Bay and t h e  A t l a n t i c  Ocean and from l n t e r f l u v e s  t o v r r d  
m a j o r  r i v e r  v a l l e y s .  I n  t h e  e a s t ,  g round  v a t e r  t h a t  encountered  t h e  d e n s e r  
s a l t v a t e r  v a s  f o r c e d  upward t h r o u g h  t h e  con f  i n i n g  u n i t s  be fo re  d i s c h a r g i n g  t o  
t h e  E r y  o r  Ocean ( f i g .  2 2 ) .  

m e  development  of w e l l s  imposed new discharges on t h e  p r e v i o u s l y  s t a b l e  
s y s t e m .  BeEore 1920, most v i t h d r a v a l  was  from v e l l s  t h a t  v e r e  under  s u f -  
f i c i e n t  p r e s s u r e  s o  t h a t  v a t e r  f l owed  t o  t h e  land  s u r f a c e .  With more 
d r i l l i n g ,  w a t e r  l e v e l s  d ropped  b e l o v  l a n d  s u r f a c e .  Pumps became n e c e s s a r y  t o  
m a i n t a i n  s u p p l i e s .  

Sn a n y  w e l l ,  pumpage is f i r s t  b a l a n c e d  by a r e d u c t i o n  i n  ground-water  
s t o r a g e  i n  t h e  immediate v i c i n i t y ,  wh ich  r e s u l t s  i n  a  l o v e r  v a t e r  l e v e l  and A 

s u r r o u n d i n g  cone  oL d e p r e s s i o n .  T h i s  i n  t u r n  may a f f e c t  n a t u r a l  f l o v  p a t -  
t e r n s ,  I n  s o u t h e a s t e r n  V i r g i n i a ,  t h e  m a j o r  pumpage c e n t e r s  ( v h l c h  have  
c o r r e s p o n d i n g l y  l a r g e  c o n e s  of d e p r e s s i o n )  c a u s e d  d e c r e a s e s  o r  r e v e r s a l 8  i n  
d i s c h a r g e  t o  s u r f a c e  v a t e r s .  A l though  t h e  d e t a i l s  v a r y  depending on t h e  spe -  
c i f i c  w e l l  and i ts  r e l a t i o n  t o  d i s c h a r g e  p o i n t s ,  A g e n e r a l  s c e n a r i o  f o r  t h i s  
k i n d  of change  is p r e s e n t e d  i n  f i g u r e  23 f o r  v a t e r - t a b l e  w e l l  i n  t h e  v i c l -  
n i t y  of a s t r eam.  Wlth no pumpage, w a t e r  i n  r f u l l y - s c r e e n e d  w e l l  vould  be 
t h e  s m e  a s  t h a t  o f  t h e  w a t e r  t a b l e ,  and  ground v a t e r  vould d i s c h a r g e  a t  a 
g i v e n  r a t e  t o  t h e  s t r e a m  v h l c h  is  a t  a  l o v e r  l e v e l  ( f i g .  2 3 . 2 ) .  A s  pwnpage 
b e g i n s ,  v a t e r  1s removed from s t o r a g e ,  r e s u l t i n g  i n  r cone o f  d e p r e s s i o n  
( f i g .  23 .3 ) .  A s  pumpage c o n t i n u e s ,  t h e  h y d r a u l i c  g r a d i e n t  be tveen  t h e  ground 
v a t t r  a n d  t h e  s t r e a m  v o u l d  be r educed  and  d i s c h a r g e  t o  t h e  s t r e a m  vou ld  
d e c r e a s e ;  l e s s  v a t e r  is removed from s t o r a g e  ( f i g .  23.6). A new e q u i l i b r i u m  
m i g h t  be  r eached  s t  some p o i n t  ( n o  v a t e r  is removed from s t o r a g e )  so t h a t  
d i s c h a r g e  t o  t h e  s t r e a m  c o n t l n u c s ,  b u t  a t  a  nev ,  lower r a t e ,  However, i f  
pwnpagt  is  h i g h  enough s o  t h a t  t h e  g r o u n d - v a t e r  head f a l l s  below t h e  s t r e a m ,  
g r o u o d - v a t e r  d i s c h a r g e  t o  t h e  s t r e a m  v i l l  c e a s e  comple te ly  and v a t e r  w i l l  
move from t h e  s t r e a m  i n t o  t h e  g r o u n d - w a t e r  s y s t e m  ( f i g .  23.5). Thus t h e  
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Figure 22.--Conceptualized ground-water flow in the model area for 
prepurnping conditions. 



1 I 
f l $v t  23.4-Cfwnd-waccr flow as pumpha conlinucs; ttduc~ien in slofrlc a n d  

ttdurtum k ~ r a n d - w r ~ c r  diwhrrgc to r t r t rm cquah pumprar 

I 1 

fi&wt I3.S-<;tound-rr1n I b w  A S  pumph( continuo: icductlon h ~ r a m d - r r l e f  
dirchrr(r l o  stiram and hducemcnc ol scttrm wrtcr mlo IL 
(round-rarer sy*trm tqurh pumpiar 

Figure 23.--Direction o f  g round-wa te r  f l ow  for  p repumping  a n d  pumping 
c o n d i t i o n s  and sources of water  derived from a wel l  (modified f rom 
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s t r e a m ,  originally r d i s c h a r g a  p o i n t  f o r  g round  v a t o r ,  becomes 8 r e c h a  rge 
s o u r c a .  Any r e d u c t i o n  i n  g round-wa te r  f l o v  t o  8 a t s t u n ,  o f  c o u r s e ,  l o v e r s  t h e  
a t r e a m  l e v e l .  The l o w e r i n g  o f  t h e  s t r e a m  l e v e l  may o r  may n o t  be r i g n i f i c a n t  
d e p e n d i n g  on  t h e  flow r a t e  I n  t h e  r t r e r m  r e l a t i v a  t o  t h e  r a t e  o f  g r o u n d - v a t r r  
f l o w  t o  t h a  r t r eam.  O v e r a l l ,  t h e s a  k l n d r  of change r  i n v o l v i n g  r e d u c t l o a  o r  
r e v e r s a l  o f  t h a  n a t u r a l  f l o v  o t  ground  v a t a r  t o  m x f w  w a t e r  a r e  p r e s e n t  la 
s o u t h e a s t e r a  V l r g i n h .  

Ground-Water Use 

As d e s c r i b e d  above ,  t h e  deve lopmen t  of  v e l l s  a f f e c t e d  t h e  n a t u r a l  f l m  of 
g round  v r t e r  i n  s o u t h e a s t e r n  V i r g i n i a .  Ground-vo t e r  u s e  began  i n  s o u t h e a s t e r n  
V i r g i n i a  i n  t h e  l a t e  1800 ' s  ( S a n f o r d ,  1913) and has i n c r e a s e d  s t e a d i l y  s i n c e  
t h a t  t ime .  W i t h d r r v a l s ,  v h i c h  i n c l u d e  n a t u r a l l y  f l o w i n g  and pumping vells 
and  which  r e p r e s e n t  a n  a g g r e g a t e  o f  commerc ia l ,  i n d u s t r i a l ,  and m u n i c i p a l  
u s a g e ,  i n c r e a s e d  from l e s s  t h a n  1 0  Mgal/d i n  1891  t o  a b o u t  55 Mgal/d i n  1983 
( K u l l  and Laczn i ak ,  1987) i n  t h e  s t u d y  a r e a .  Wa te r  u se  v i t h i n  t h e  model a r e a ,  
w h i c h  i n c l u d e s  u s e r s  o u t s l d s  t h e  s t u d y  a r e a  a f  f e c t  i n g  g round-wa te r  f l o v  
i n  s o u t h e a s t e r n  V i r g i n i a ,  vaa  a p p r o x i m a t e l y  81 Hgal/d i n  1983. F i g u r e  24 
s h o v s  e s t i m a t e d  annua'l  commerc i a l ,  i n d u s t r i a l ,  and m u n i c i p a l  v i t h d r a v a l  f o r  
t h e  model a r e a  from 1891 t h r o u g h  1983. Domest ic  u s e  v a s  n o t  i n c l u d e d  because  
i t  v a s  assumed ' t o  r e p r e s e n t  o n l y  8 s m a l l  p e r c e n t a g e  of non - r e tu rned  f l o v ,  

Figure 24.--Estima t e d  annua l  g round-wa te r  withdrawal ,  1891-1983.  



EXHIBIT 3-7 



GROUND WATER 
RESOURCES 

THE FOUR CITIES 
AREA, VIRGINIA 

NORFOLK 
VIRGINIA BEACH 

PORTSMOUTH 
CHESAPEAKE 

Eugene A. Siudyla 
Anne E. M a y  

Dennis W. Hawthorne 

TIDEWATER REGIONAL OFFICE 

COMMONWEALTH O F  VIRGINIA 

STATE WATER CONTROL BOARD 

BUREAU OF WATER CONTROL MANAGEMENT 

Richmond, Virginia 

Planning Bulletin 331 

Novern ber 198 1 



CHAPTER I 1 1  

HY DROGEOLOGY 

Sumnary o f  Stratiqraphy 

The Four Cities area i s  underlafn by several thousand fee t  of 

unconsolidated deposits of gravel, sand, and clay,  ranging in age 

from Lower Cretaceous to  Holocene, resting on bedrock basement of 

Precambrian and Triassic/Jurassic age. These deposits dip and thicken 

gently eastward with thickness ranging from 2000 feet  in the western 

part  of the study area to  over 4000 f e e t  in the southeastern part .  

Teifke (1973) divided these deposits into s i x  geologic units (Table 2 ) .  

From oldest t o  youngest, they are the Patuxent Formation ,"transi tional 

beds", the Ma ttaponi Formation, the Cal ver t  Formation, the Yorktown 

Formation, and the Columbia Group. The Nanjemoy Fomt ion  of Eocene 

age, a1 t h o u g h  found in most of the Virginia Coastal Plain, i s  absent 

in the study area. An indication of the depth and thickness of the 

units i s  given by the geologic logs of two wells in Table 3 .  I t  

should be noted that  the Virginia Division of Mineral Resources 

currently i s  conducting a detailed study o f  the stratigraphy of the - 

Virginia Coastal Plain which will  update i t  by 1981. 

The Patuxent Formation of Early Cretaceous age overlies the 

"basement". The Patuxent i s  an a1 ternating sequence of beds of fine 

gravel, coarse sand, and s i  1 ty and sandy clay. Sand within the 

Patuxent i s  mainly tan,  gray,or white and i s  character is t ical ly  

fel  thspathic. 

In Southeastern Virginia transit ional beds of early Cretaceous 

age are found above the Patuxent Formation. The transit ional beds 



TACLE II - STRATIGRAPHIC AND HYDROGEOLOGIC UNITS - SOUTHEASTERN V IRGIN IA  

NORTH CAROL 1 NA V lRG lN IA  

SYSTEM STRATIGRAPHIC HYDROGEOLOGIC 
UNITS UNITS 

STRATIGRAPHIC HYDROGEOLOGIC DESCRIPTION OF 
UNITS UNITS HYOROGEOLOCIC UNITS 

I 

SERIES 

Unconsol l d r t t d  srnd, s i l t ,  r d  
s m  gravel. Sand unl t s  y i e l d  
quan t l t l es  r d q u a t e  fo r  domestic 
and small l n d u s t r l r l  dcnunds,usd 
extenslvely f o r  lawn watering. 
Unconf i n t d  aquifer.  

QUATERNARY 

WATER TABLE 
OR 

QUATERNARY 
AQUIFER 

RECENT 
PLEISTOCENE 

WATER TABLE 
OR 

QUATERNARY 
AQUIFER 

POST-MIOCENE 
(UN- 
DIFFERENTIATED 

RECENT 
COLUMBIA 
GROUP 

UPPER 

TERTIARY 

Sand and she l l  btds u l n  wrter-  
bearfng un l  ts. Adquato f o r  nod- 
c ra te  publ ic  and l n d u s t r l r l  
suppl 1 es. 
A r t e s  1 an 

YORKTOWn 
AQUIFER 

YORKTOUN SAND 
AQUIFER 

t 
m * 
V) 

YORKTOUN 

PUNGO RIVER 

CALVERT CONFINING 
UNITS 

S l l t  rnd c l r y  p n d a l n r n t ,  minor 
srnd lenses. 

CASTLE HAYNE 
L IMSTONE 

UPPER 

CRETACEOUS 

cc 
W 
c 

BEAUFORT 

PEEDEE 

BLACK CREEK 

UNNAUED 

- - --  

I UPPER Brackish I n  most o f  rmr. 
UNIT Ar tes i rn  

s 
W 

m t  
RANSITIONAL 

D m  
Dz- 
U 
u a  

CRETACEOUS 
t W 
wu. LOWER PATUXENT 
a- 
"2 UNIT u u U 

MATTAPON I 

Interbedded grrvel ,  .rand, s i l t .  
and clay. Yields rrr rdtqur te  
for  large I n d u s t r i r l  use. Brrck- 
i s h  I n  most o f  rnr. 
Artesian 

E~-JCEI(E-~~PER 
CRETACEOUS 
AQUIFER 

Glauconltfc sand rnd i n t r r k d d c d  
c l r y  and s t l t .  I n f r u q w n t l y  used 
as r water supply. Yields r d q u -  
ate f o r  moderato ruppllrs. 



r, 
Table 3.  GEOLOGIC FORMATIONS PENETRATED BY WELLS 220-3 AND 217-6 

Elevation a t  top Thl ckness 
( f t - m i  ) 0 

V i  rg i  n i  a Chemical Company 
We1 1 220-3 

of Study Area) 

Col umbi a 

Yorktown 

Cal ver t  

Mattaponi 

" t rans i t iona l  beds" 

Pa tuxen t 

:;;e;, b6dqes  

-1 Part o f  Study Area) 

Col umbi a 

Yorktown 

Calvert 

Ma ttaponi 

" t rans i  t ional  beds" 

Pa tuxent 

Not determined - + 310 

Adapted from Teifke, 1973 



a n s i s t t , p f  sand ,s i l t ,  and c lay .  These beds a re  e i t h e r  intermediate 

i n  composit ion and t e x t u r e  o r  comprise a1 te rna t i ons  o f  l i thotypes 

c h a r a c t e r i s t i c  o f  the Patuxent and Mattaponi Formations. 

The Mattaponi Formation i s  of Upper Cretaceous (?), Paleocene, 

and Eocene age. This  fo rmat ion  o f  marine o r i g i n  i s  character ized by 

beds o f  quar tz-g lauconi  t e  sand, glauconi t i c  c lay ,  and she l l .  Abundant 

autochthonous (formed i n  p lace)  g l  auconi t e  i s  the  p r i nc ipa l  1 i t h o l o g i c  

c r i t e r i o n  used t o  i d e n t i f y  t he  format ion (Te i fke ,  1973). 

The Ca lve r t  Formation o f  Miocene age, which i s  c m n l y  consol idated 

c o n s i s t s  l a r g e l y  o f  c l a y  and s i l t y  c l a y .  A basal sand member cons i s t i ng  

o f  medium-to-coarse sand may be present  i n  the Ca lver t  Formation a long 

w i t h  some beds o r  lenses o f  phosphatic c lay .  

The Yorktown Formation consis ts  o f  more abundant and markedly 

coa rse r  sand and gravel  beds and more abundant and th icker  s h e l l  beds 

than  t h e  under ly ing  C a l v e r t  Formation. The Yorktown i s  a l so  l i g h t e r  

i n  c o l o r  than the upper member of the Ca lver t .  P la te  2 shows the 

topography o f  the t o p  o f  the Yorktown Formation (Oaks and Coch, 1973). 

The uppermost geo log ic  u n i t ,  the  Columbia Group, i s  charac ter ized 

by beds o f  1 i gh t - co lo red  c lay,  sand and s i l t .  The average th ickness 

o f  the u n i t  ranges from about 20 feet  i n  the western pa r t  t o  50 f e e t  

i n  t h e  eastern p a r t  o f  the  area. I n  t he  Four C i t i e s  area the  Columbia 

group has been subdi v i  ded i n t o  s i x  smal l  e r  u n i  t s  which, from 01 dest 

t o  youngest, a re  the Great Bridge Formation, t he  Norfo lk  Formation, the 

Kempsvi 11 e Formation, t he  Londonbridge Formati on, the Sand Br idge For- 

mat ion  and the und iv ided sediments (Oaks and Cock, 1973). The a i v i s i o n  of  

M ine ra l  Resources i s  c u r r e n t l y  updat ing the s t ra t i g raphy  o f  the Columbia 

Group. 



P l a t e  2 



Description of Aquifers 
-% 

Four aqui fe rs ,  one unconfined and three confined, underlie the 

study area. These aquifers and their  geologic equivalents are as 

follows: 1 )  the water table aquifer (mostly the Columbia Group); 

2) the Yorktown aquifer (upper part o f  the Yorktown Fonnatlon); 

3 )  the Eocene-Upper Cretaceous aquifer (lower part  of the Calvert 

and the Mattaponi Formation); 4 )  and the lower Cretaceous aquifer 

(the Potornac Group). Confining beds between and within the aquifer 

retard b u t  do not prevent vertical movement of ground water. Over- 

a1 1,  the water-bearing uni t s  comprise a leaky-aquifer system with 

the Lower Cretaceous aquifer exhibiting the most confinement. Cross 

section E - A ' ,  an east-west cross section which runs through the 

northern par t  of the study area, shows the four aquifers (Plate 3 ) .  

The location of th i s  cross section i s  shown in Plate 4. 

Water Table Aquifer - The water table  aquifer consists of beds 

and lenses of sand and some gravel, shel l  beds, s i l t ,  sandy clay, 

and clay. The sand and shell beds and sand and shell lenses, the 

major water-bearing s t r a t a ,  are very heterogeneous and discontinuous 

due to the complex marine estuarine environments i n  which they were 

deposited. Eight cross sections showing the major sand and shell 

beds in the water table and the Yorktown aquifer systems were 

developed by correlating the r e s i s t iv i ty ,  garma, and geologic logs 

of selected wells (Plates 4 ,  5,  6 ,  7 and 8) .  The geophysical and 

geologic logs indicate tha t  the typical sand bodies in the water 

table aquifer consist of one or  two beds or  lenses of medium-to- 

coarse sand 5 to 10 f e e t  thick. Although these cross sections are 



Hydrogeologic cross-section E-A!  showing vert ical  distribution of brackish 

and s a l t y  ground water in the Lower Cretaceous Aquifer. (Adapted from 

W. R. Lichtler and R. L. Wait, 1974 and Geraghty and Miller, 1978) 

Plate 3 



ve ry  ene ra l i zed  and so do n o t  r e f l e c t  the frequent va r i a t i ons  between \ 
data  po in t s ,  they  demonstrate the cons i s ten t  occurence o f  the major 

sand bodies i n  both the water t a b l e  and Yorktown aqu i fe r  system. 

Recent dune sand, which was deposi ted by wind and wave act ion,  

occurs a long the  coast i n  a  number o f  places. There i t  cons t i t u tes  

a  p a r t  o f  the water  t ab le  aqui fer .  The t h i c k e s t  dune sands are 

p a r t  o f  the study area. l oca ted  a t  Cape Henry i n  the  nor theastern 

L i m i t e d  w e l l  y i e l d  and s p e c i f i c  capac 

ab le  f o r  the water  tab le  a q u i f e r  ( P l a t e  9 

w e l l  y i e l d s  range f r o m  5 t o  50 gpm and sp 

i t y  data records a re  a v a i l  - 
and Appendix B)  . I n d i v i d u a l  

e c i  f i c  capaci t i e s  range from 

about 1  t o  2 gpm/ft  (ga l lons  per minute per  f o o t  o f  drawdown). I n  

t he  1930's and 194O4s, a  number o f  w e l l  f i e l d s  cons is t ing  of b a t t e r i e s  

of smal l  diameter we l l s  obta ined water from the water t ab le  a q u i f e r  

(Cederstrom, 1945). These systems t y p i c a l l y  consisted o f  10-20 we1 1s 

which produced a  t o t a l  o f  between 50 and 200 gpm. Most, i f  n o t  a l l ,  

o f  these have been shut down due t o  increas ing  urbanizat ion o r  sub- 

s t i  t u t i o n  o f  c i t y  water. Cederstrom a1 so repo r t s  t h a t  b a t t e r i e s  

o f  2 - inch  we1 1  po in t s  about 15 f e e t  deep y i e l d  as much as 150 gpm 

from dune sand a t  Cape Henry i n  nor theastern V i r g i n i a  Beach. 

Yorktown Aqu i fe r  - Although the  Yorktown Formation i s  300 t o  

400 f e e t  t h i c k ,  t he  major water-bearing zones comprising the  York- 

town a q u i f e r  a r e  found i n  the  upper 50 t o  100 f e e t  o f  the Yorktown 

Formation. The Yorktown aqu i fe r  genera l l y  i s  separated f r o m  the  

o v e r l y i n g  water t a b l e  a q u i f e r  by beds o f  s i  1  t, c lay  and sandy c l a y  

about 20 t o  40 feet  t h i c k  (Plat2s4, 5, 6, 7, and 8). The Yorktown 

a q u i f e r  i s  separated f rom t h e  under l y ing  Eocene-Upper Cretaceous 

a q u i f e r  by severa l  hundred f e e t  o f  s i  1  t and clay, 350 f e e t  t h i c k  
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i n  the  western study area t o  over 750 f e e t  t h i c k  i n  the eastern rr 
s t u d y  area. 

The major water-bearing zones i n  t he  Yorktown aquifer, general l y  

found a t  depths ranging from 50 t o  150 feet,are composed o f  beds of 

f i ne - to -coa rse  sand, gravel ,  and s h e l l s  genera l l y  5  t o  20 f e e t  t h i c k  

(P la tes  4, 5, 6, 7 and 8). These e i g h t  cmss-sect ions show t h a t  

t h r e e  major sand un i t s ,  r e f e r r e d  t o  as the upper, middle and lower 

units,comprise the Yorktown a q u i f e r  i n  t h e  Four C i t i e s  area. The 

u n i t s  are separated by s i  1  t and c l a y  beds. Even though geophysical 

and geologic logs i n d i c a t e  t h a t  these th ree  sand uni ts  genera l l y  a re  

continuous throughout most o f  the  area, the  thickness, permeabil i ty, 

and coarseness o f  the u n i t s  vary considerably f r o m  one data p o i n t  

t o  another. Usual ly  one uni  t general l y  predominates i n  p r o d u c t i v i t y  

from one place t o  another. An example can be seen by observing geo- 

phys ica l  l og  c o r r e l a t i o n s  f r o m  w e l l  234-136 t o  we l l  234-25 i n  cross 

s e c t i o n  C-C'  (P la te  6 ) .  The r e s i s t i v i t y  l o g  de f l ec t i on  a t  234-136 

i nd i ca tes  t h a t  the  upper u n i t  predominates, whereas the d e f l e c t i o n  

o f  the  r e s i s t i v i t y  l o g  a t  234-25 i n d i c a t e s  t h a t  the middle u n i t  i s  more 

predominant . 
Avai lable we l l  y i e l d  and s p e c i f i c  capac i ty  data f o r  the  Yorktown 

a q u i f e r  was 1  i m i  t ed  genera l l y  t o  85 l a r g e r  diameter we1 1  s  (6 i n c h  o r  

g rea ter  i n  d i a m t e r )  used f o r  pub1 i c ,  commercial, o r  i n d u s t r i a l  supply 

( P l a t e  9 and Appendix 8). We1 1  y i e l d s  f o r  these we1 1  s  range from 

12 t o  304 gpm w i t h  an average of about 87 gpm. Speci f ic  capac i t ies  

range from 0.5 t o  14.4 gpm/ft  w i t h  an average of 5  gpm/ft. Area w e l l  

d r i l l e r s  i n d i c a t e  t h a t  smal ler  diameter (1 114 inch  t o  2 i nch )  domestic 

w e l l  y i e l d s  range f rom 5  t o  50 gpm. 



5 Eocene Upper Cretaceous Aqu i f e r  - T h i s  a q u i f e r  i s  found a t  a depth of  

about  500 f e e t  i n  t h e  wes te rn  p a r t  o f  t he  s tudy  area t o  depths of  about 

1000 f e e t  i n  t he  e a s t e r n  p a r t  ( P l a t e  3 ) .  The aqu i f e r  g e n e r a l l y  cons i s t s  

of one o r  two f i n e - t o  medium-grained g l a u c o n i t i c  sand beds 10  t o  30 

30 f e e t  t h i c k  i n te rbedded  w i t h  s i l t  and c l a y .  

Very few we1 1s have tapped the Eocene-Upper Cretaceous a q u i f e r  

i n  the  s tudy  area.  Most deep w e l l s  go beyond t h e  Eocene-Upper 

Cretaceous a q u i f e r  i n  o r d e r  t o  tap t he  more p roduc t i ve  Lower Cretaceous 

aqu i fe r .  Only  s i x  w e l l s  ( a l l  i n  t h e  City o f  Chesapeake) a r e  known t o  

have tapped t h e  Eocene-Upper Cretaceous a q u i f e r .  These we1 1 s i n c l u d e  

the abandoned Canal Bank l b t e l  w e l l  near  Corn land (234-71), the  SWCB 

Research S t a t i o n  a t  Corn land (234-135), t h e  City of Chesapeake t e s t  

w e l l  near S a i n t  B r i des  (234-146), t he  Oak Manor Farm w e l l  near  Fentress 

as discussed by Cederstrom (1945),  the  SWCB Research S t a t i o n  a t  Fen- 

t r e s s  Naval A i r  S t a t i o n  (234-66) and t h e  T idewater  Chemical w e l l  a t  

Sa in t  Br ides (234-79).  Only  one o f  these we1 1s , the T idewater  Chemical 

w e l l ,  has w e l l  y i e l d  data;  i t  y i e l d e d  150 gpm w i t h  a s p e c i f i c  capac i t y  

o f  2.5 gpm/f t  ( P l a t e  9 and Appendix B ) .  

Lower Cretaceous Aqu i fe r  - The Lower Cretaceous a q u i f e r  i s  com- 

posed o f  in te rbedded g r a v e l  , sand, s i  1 t , and c l  ay. Genera l l y  , i t  i s  

separated from t h e  Eocene-Upper Cretaceous a q u i f e r  by  c l a y  and s i l t  

u n i t s  50 f e e t  o r  more t h i c k .  Beds o f  c l a y  d i v i d e  the a q u i f e r  i n t o  

severa l  permeable zones. The t op  o f  t h e  a q u i f e r  ranges from 600 f e e t  

below l a n d  su r f ace  i n  t h e  nor thwes te rn  s tudy  area t o  about 1100 f ee t  

i n  t h e  eas te rn  p a r t  ( P l a t e  3).  The bot tom o f  the a q u i f e r  r e s t s  on 

basement rocks a t  a depth o f  2000 f e e t  i n  t h e  west, t o  about  4000 

f e e t  i n  t h e  eas t .  



The majority of wells dril led in the Lower Cretaceous aquifer 
t 

are found in northwestern Chesapeake, in Portsmouth, and in western 

Norfolk where the aquifer contains fresh or slightly brackish 

water. Well yields for th is  aquifer range from 200 to 1000 gpm 

and specif ic  capacities range from 2.9 to 30.8 gpmlft  (P la te  

9 and Appendix 8 ) .  
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Sole Source Aquifer Designation Program 

Backsround 

The Sole Source Aquifer (SSA) program allows individuals and 
organizations to petition the ~nvironmental Protection Agency (EPA) 
to designate aquifers as the "sole or principal" source of drinking 
water for an area. The program was established under Section 
1424 (e) of the Safe Drinking Water Act (SDWA) of 1974. The primary 
purpose of the designation is to provide EPA review of Federal 
financially assisted projects planned for the area to determine 
their potential for contaminating the aquifer "so as to create a 
significant hazard to public healthw. Based on this review, no 
commitment of Federal financial assistance may be made for projects 
"which the Administrator (of EPA) determines may contaminate such 
(an) aquifer," although Federal funds may be used to modify 
projects to ensure that they will not contaminate the aquifer. 

The first aquifer to be designated was the Edwards Aquifer in 
the San Antonio, Texas area in 1975. The EPA proposed specific 
regulations for this first designated aquifer. 

In 1977, EPA issued proposed regulations to implement this 
program. The proposed regulations contained detailed definitions, 
sole source designation procedures and project review criteria. 
Although these guidelines were not finalized, an additional twenty 
(20) aquifers were designated from this time until the SDWA 
Amendments were enacted on June 19, 1986. 

The SSA program is not intended to be used to inhibit or stop 
development of landfills, publicly-owned treatment works (POTWs) or 
public facilities financed by non-Federal funds. Furthermore, the 
SSA program is not linked to other Federal environmental regulatory 
or remedial programs, except where Federal financial assistance is 
committed in a designated sole source aquifer area. 

Recent Chanses in the Prosram 

In 1987, EPA delegated authority to approve SSA petitions to 
Regional Administrators. EPA also published the Sole Source 
Aauifer Desisnation Petitioner Guidance to assist SSA petitioners 
in preparing and submitting petitions to EPA Regional Offices. 

The guidance document provides the petitioner with an outline 
of methods for determining the sole or principal source of drinking 
water and the aquifer boundaries and describes other 
hydrogeological and water supply data necessary for EPA ~egional 
Offices to make a finding of sole source or principal source 
status. 



The Safe Drinking Water Amendments of 1986 added a new Section 
1427, "to establish procedures for development, implementation and 
assessment of demonstration programs designed to protect critical 
aquifer areas located within areas designated as sole or principal 
source aquifers under section 1424(e) of this Act." This section 
allws areas with either an SSA designation by June 19, 1988, or 
designation by June 19, 1986 and an approved Clean Water Act 
Section 208 plan to apply for demonstration program funds to plan, 
implement and evaluate innovative management approaches to 
protecting ground-water quality. EPA established criteria to 
identify critical aquifer protection areas. (See 40 CFR 149, 
Federal Register, February 14, 1989, pages 6836 to 6843.) No 
funding has been appropriated for the demonstratSm program for FY 
87 - 91 and, as a result, no grant guidance or application forms 
have been developed by EPA. 

Current Sole Source Aauifer Desisnation Status 

As of March 1991, twenty-two sole source aquifer designations 
have been made using the 1987 petitioner guidance. In total, EPA 
has approved 55 SSA designations nation-wide. Also, eleven 
petitions are currently being evaluated for possible designation. 
In the past, 12 petitions have not been approved because of 
insufficient information or loss of petitioner interest in 
following up to provide needed data. A list and a map of the 55 
designated Sole Source Aquifers, and a list of the eleven Sole 
Source Aquifer petitions undergoing designation review in the 
Regions are attached. 

Post-Desianation Review 

After designation, no commitment of Federal financial 
assistance may be made to a project that is found through EPA 
review to have the potential to contaminate the aquifer so as to 
create a hazard to public health. The EPA has established and 
continues to set up arrangements with other Federal agencies to 
expedite this project review where sole source aquifers have been 
designated. In some cases, hydrogeological data for federally 
assisted projects is supplied under requirements of the National 
Environmental Policy Act (NEPA) which may be adequate for a 
determination regarding the potential for aquifer contamination. 
The Regional Offices of EPA make the determinations regarding the 
potential for SSA contamination for the aquifers designated in 
their regions. For additional details regarding the semi-annual 
reporting of post SSA designation reviews see, Sole Source 
Aauifer-Post Desianation Project Review Trackins Summary for Fiscal 
Year 1990, available upon request. 

DATE: March 1991 . 



STATUS AS OF 03/31/91 

San Antonio A r e a  
l%&uds Aquifer 

Northern Guam 

Nassau/Suffolk Counties 
L a q  Island 

Biscayne Aquifer 

Buried Valley Aquifer 
system 

Maryland Pi-t Aquifer 
Wtsanery, W i c k ,  
Howard, Carroll Cuunties 

Camam Island Aquifer 

Whidbey Islard Aquifer 

Cape Cbde Aquifer 

Kings/clueens C'rxmties 
grunswick Shale and 

Brunswick Shale and 
Sandtone Aquifer 
Ridueklmrl A w a  

Petition Fublicaticm 
State Filed - Citation Date 

TX 1/03/75 40 FR 58344 12/16/75 

I D  fall of '76 43 FR 5566 02/09/78 



STATUS AS OF 03/31/91 

DESI<;NATED SOLE SOURCE AQUIFERS - NATIONALLY 

Aquifer and/or 

Rockaway River 
Basin Area 

Upper Santa Cruz & 
Avra Altar Basin Aquifers 

Nantucket Island Aquifer 

Block Island Aquifer 

Santa Marqarita Aquifer 
Soatts Valley, Santa - -tY 
Clinton Street- 
Ballpark Valley, Fquifer 
System, Broane and Tioga 
oounties 

Seven Valleys Aquifer 
York County 

C m s s  Valley Aquifer 
Srd~anish, King Oounties 

Prospect Hill Aquifer 
Clark Cumty 

State 

KT 

AZ 

MA 

RI 

NY 

CA 

NY 

PA 

WA 

VA 

Petition 
Filed 

11/30/79 

6/29/81 

12/02/82 

2/18/83 

8/20/82 

9/07/77 

2/26{81 

9/24/81 

7/29/83 

6/27/85 

Citation 

49 FR 2946 

49 FR 2948 

49 FR 2952 

49 FR 2952 

50 FR 2022 



SI'ATUS AS OF 03/31/91 

PESIGNArn SOIE SOURCE AOUTFEItS - wcxaLLy  

Federal Rssister Natice 

Aquifer and /or 
Iixation - State 

Petition 
Filed 

8/27/84 

2/28/85 

3/17/86 

1/16/84 

3/14/85 

6/02/85 

6/18/82 

5/03/83 

6/16/87 

11/25/87 

Publication 
v 

Pleasant City Aquifer, OH 
-Y -ty 

(3a t ta raq  (3reek NY 
Basin Aquifer System (CCBA) 

CataW Island OH 
Bass Islanl Aquifer 

North Florence IXlndL Aquifer OR 
mty 

Volusia-Floridan Aquifer FL 
Volusia, Flager, PutMm 
W t Y  

sauthem Oahu Basdl Aquifer HI 

Martha's Vineyard MA 
Rsgioml Aquifer 

wlrid Valley Aquifer OH 
sy- 



slCATUS AS OF 03/31/91 

PES1C;NAm SOLE SOURCE ACXJIFERS - tUiTIONALt;X 

Aquifer  and/or 
@ation 

Pawt=atuck Basin 
System 

aLiccrt Aquifer 

Austin Aria 
Edwards Aquifer 

Missoula Valley Aquifer 

N.J. Fifteen Basin 
Aquifer  - 
N.J. CoastdL 
Plain Aquifer 
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Aquifer and/or 
LDcat ion 

OKI - Miami Euried 
Valley Aquifer 

Southern Hills Rquifer - 
Cedar Valley Aquifer 
King -tY 

Lewiston Basin Aquifer 

Head of Nepanset Aquifer 
Area 

Vinalhaven Island Aquifer 
systRm 

North Haven Island 
Aquifer Systan 

Arkmckle-shpson Aquifer 
Sauth Central Oklahaw 

motatuck Aquifer 

Plyrrvxlth-Carver Aquifer 

Mille Lacs Aquifer 

State 

OH 

w= 

AZ 

WA 

W I D  

MA 

ME 

ME 

OK 

CT 

MA 

MN 
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Filed 

03/10/88 

5/19/80 

10//83 

3/3/88 

12/27/87 

05/10/88 

06103/88 
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07/29/88 

03/09/89 

04/07/89 

12/87 
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53 FR 38779 

53 ER 38782 

53 FR 49920 

54 FR 29779 

54 FR 29934 

54 FR 39230 

55 FR 11056 

55 FR 32137 

55 FR 43407 
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10/03/88 
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12/12/88 

07/14/89 

07/17/89 
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03/26/90 

08/07/90 

10/29/90 
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STATUS AS OF 03/31/91 

PENDING SOLE: SOURCE AQUIFER PJ3ITTIONS - BY REGION 

Aquifer and/or 
Laxit ion State 

Matinicus Island Aquifer 
Islesboro Island Aquifer 
Swan Island Aquifer 
Lang Island Aquifer (Frenchbom) 

NONE 

NONE 

NONE 

Allen Caunty, Silurian-Devonian 
Aquifer System 

Big Spring Ozark/St. Francis 
Aquifer 

New Rockford Aquifer 

San Mate0 Basin Aquifer 

Central Pierce County Aquifer 

Tulalip Aquifer 

Eastern Snake River Plain Aquifer 

State of Maine 
State of Maine 
State of Maim 
State of Maine 

MO U.S. Park Service 

ND Orval Huvey 

CA U.S. Marine Corps 

la Pierce Cwnty-'X'acop~ 
Health Deparhnent 

la seven water 
~ssociation 

ID Hagerman Valley 
Citizensf Alert, Inc. 

TO?1AL 11 Petitions W r d h g  
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Initial Assessment Study 
General Locution Map Naval Amphibious Base 

Little Creek  
Norfolk, Virginia 

Rogers, Golden 8 Halpern . 



MASTER- PLAN 
NAVAL AMPHIBIOUS BASE LITTLE CREEK 
NORFOLK, VIRGINIA 

P i e r c e  Goodwln Alexander  
800 Rer ing  Orlve 
Post O f f f c e  Rox 13319 
H o ~ r s t o n  , Texas  77219 

C o n t r a c t  N62470-84-C-6925 

Atlantic D i v i s i o n  
N a v a l  F a c i l i t i e s  E n g i n e e r i n g  Counnand 
Norfolk ,  V i r g i n l a  
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2.2.3 HYDROLOGY 

To cfevel op the, base economical 1 y: 

- Keep the e x i s t i n g  system o f  major drainage canal1; and lakes. 

NAB Little Creek 

t i t t l e  Creek Harbor i s  a t i d a l  es tuary  w f t h  semi-diurnal t I d e  range 
o f  about 2.6 fee t .  The s p r i n g  t i d e  range i s  3.1 feet  and the mean t i d e  
i s  1.3 f e e t  above mean low w a t e r  (MLW). Storm-induced t i d e  l e v e l s  have 
bactn recorded ranging f rom 2 f e e t  below MLW t o  8.5 f e e t  above MLU, 
T i  cu r ren ts  tn  the entrance channel average 0.9 knots, I n  the 
absence o f  f reshwater  f low,  t i d a l  mfxing f lushes  the harbor. The 
f l t ~ r h i n g  r a t e  i s  est imated t o  be long, on t he  order o f  weeks. - 

The Northwest Branch of  L i t t l e  Creek (see Fit). 2.1)  flows i n t o  the  
hdrbor  from t h e  west through Fisherman's Cove. The City o f  Norfolk 
rese rvo i r s ,  Lake  Whitehurst  and  Lake Smith,  ?ave un l ined over f low 
c h a n n e l s  w h i c h  discharge i n t o  the  harbor  from t he  south, During severe 
syorm events, t h e  b y p a ~ s  ? h e  from the Hampton Roads San i ta t ion  D i s t r i c t  
(PRSD) p l a n t  discharges I n t o  t h e  southeast corner o f  L i t t l e  Creek Cove, 

Most r a i n f a l l  a t  NAB L i t t l e  Creek even tua l l y  d ra ins  t o  L i t t l e  Creek 
Hdrbor; thc l  only excep t i on  3s r a i n f a l l  on tbe  beach which dra ins 
d 1 r ~ c t ' i y  t o  Chesapeake Ray. Fig, 2.1 shows the  major sur face water 
a r ~ a ~  on base. The east  ha1 f o f  the base dra in!  f i r s t  t o  Chuhb Lake or 
i , ~ k e  Bradford.  The interconnected lakes  are  drained by a canal w h i c h  
f 1 ows southwest , c r o s s i n g  under 0 S t ree t  and Nider  Roul rvdrct ,  and t h m  
t u r n i n g  northwest t o  L i t t l e  Creek Cove, The w ie r  on t he  canal near 
Nrder i s  used t o  a d j u s t  the  l e v e l  s of the two 1 ~ k e s .  The g o l f  course 
n r c a  d r a i n s  t o  five! s m a l l  lakes,  whlch  are interconnected through pf pes 
nnd channels ,  While most o f  t h j s  f l o w  i s  l o s t  through i n f i l t r a t i o n  O r  
evaporat ion,  du r ing  extreme r a i n f a l l  same f l o w  from these lakes reaches 
I i t t l e  Creek Cove. 

Water q u a l i t y  i n  L i t t l e  Creek Harbor i s  f a i r .  The harbor i s  
( l a s s i f i e d  as Type I I B  waters by the S t a t e  Water Control Roard, 
Shellfishing i s  precluded by the fecal  c o l i f o r m  l e v e l s ,  but  swimming Is 
permi t ted .  Comniercial f i s h i n g  i s  not  al lowed by t h e  State although spor t  
f i s h i n g  i s  common i n  the west h a l f  o f  the harbor, E l u t r i a t e  tests of 
harhor sediments show t h a t  sediment levels o f  o i l  and grease a re  on ly  
s l i g h t l y  elevdtea i n  comparison t o  the harbo-  w a t e r  whlle  l e v e l s  o f  
copper,  1 ead and o t h e r  meta ls  are s i g n i f f c a n t l y  e leva ted ,  

The shal low groundwater zone on base extends from the ground- 
s ~ l r f a c e  t o  about 20 f e e t  below mean sea level i n  the sediments o f  t he  
Columbia formdtion. This water from base w e l l s  (average 15 t o  20 fee t  
d m p )  i s  used f o r  i r r i g a t i o n  only.  While the  NAB w e l l  water q u a l i t y  has 
n o t  been measured, t y p i c a l  problems a re  h igh  cr lor ides  and i r o n  content,  
dnd low PH. 

Thv ma,]or water  a q u i f e r  i s  the  Yorb town formation, found 
,3pproximat.ely 50 t o  150 f e e t  below t h e  sur face near NAR. The format ion 
c o n s i s t s  o f  \daterbear ing u n i t s  (sand and she1 I )  separated by lenses o f  
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c 1 dy.   he‘ 1984 I n i t i a l  Assessment Study o f  p o t e r ~ t i a l  hazardous waste 
problems ' on base concluded t h a t  i t  was u n l i k e l y  t h a t  sur face 
c o n t m i n a n t s  hdd penetrated t o  t h e  Yorktown forf(lation. The ~ o r x t o w n  
aqutter i s  n'ot used f o r  mun ic ipa l  suppl ies f n  the  area because the  
qua11t.y v a r i e s  r a d i c a l l y .  

Potab le  wa te r  supply f o r  the base comes froln the C f  t y  o f  Norfo1 k 
sy5 tern which primari ly uses sur face water. The C i t y  water reservoirs, 
l a k e  Whitehurst and t a k e  Smtth, l i e  fmmediately south of the base. 
Subsurface f l o w  i n  t h e  City reservo5rs normal ly would mi gra te  toward 
I ~t t 1 e Creek Harbor because the r e s e r v o i r  water l eve l  i s  above the 
harbor.  I f  t h e  r e s e r v o i r s  were drawn down severely, as i n  a drought, 
t h ~  subsurfdce f l o w  could go towards t h e  reservoi rs .  

NAB Annex 

The NAB Annex 1 i e s  next  t o  t he  A t l a n t i c  Ocean, south o f  Rudee 
Iv1et. Lake C h r i s t i n e  i s  l o c a t e d  j u s t  n o r t h  o f  t he  Annex and Covetts 
Mnrsh l i e s  ~ n s i d e  the  NAB p r o p e r t y  (see Fig. 2.2). Ra in fa l l  on s i t e  
~ i r d i n s  t o  1.ovetts Marsh where t h e  water  evaporates or i n f i l t r a t e s  I n t o  
t.hr* ground.  A drainage d i t c h  connects Lake Chr i s t i ne ,  Lovet ts  Marsh and 
Redwing Lake t o  t he  south a t  F l e e t  Combat T ra in ing  Center (FcTC) 
Darn Neck, The drainage d i t c h  i s  now clogged so t h a t  f t  probably 
c~pc:rates on ly  dur ing  extreme , s torm t i d e s  o r  h i g h  r a i n f a l l  events. 
1)i:ring major storms water from t h e  marsh may f l ow  south t o  Redwing Lake. 

2.2,4 FLOOD PLAINS 

Execut ive Order 11988, Flood P l a i n  Man.igement, requ i res  the  
i d ~ n t i f i c a t i o n  o f  100-year and 500-year f l o o d  o la ins,  Flood p l a i n  
mapping on Federal p rope r t y  i s  excluded f rom the Federal Emergency 
Management Agency (FEMA) 1984 F lood  Insurance S t  ~ d y  515531 f o r  t h e  C i t y  
o f  V i  r g i n i a  Beach.  However t h e  storm s t i l  h a t e r  surge e l  evat ions from 
t h i s  study can be used t o  es t ima te  the ex ten t  o f  the 100-year and 500- 
y e a r  f l o o d  p l a i n s  on base, No o f f i c i a l  f l o o d  plain maps f o r  the base 
are a v a i l a b l e .  

Navy p o l i c y  f o r  f l o o d  p l a i n s  (NAVFACINST 11010.638) i s  t o  
ncrompl ish  ldnd use and f a c f l i t y  p lann ing  t r e a t i n g  f l ood  p l a i n s  as an 
ur t inhab i tab le  l and  U W ,  t o  t he  ex ten t  possib le.  P ro jec ts  loca ted I n  
f i ood p l a i n s  requi  r e  envi ronmental documeotati or. 
ctwc?r most of the  base, many p r o j e c t s  a t  L i t t l e  Cree 
f lood p l a i n s .  70 develop the  base e f f e c t i v e l y :  

- P l a n  f o r  r e a l i s t i c  f u n c t i o n a l  re la t i onsh ips ,  

- Where projects  1 i e  i n s i d e  the  f l o o d  p lafns,  i d n i  
us ing  the  base design pol  I c y  of 12 f e e t  M!IL 
e leva t i on .  

since f l o o d  p l a i n s  
k must be l oca ted  i n  

mize f l o o d  damage by 
fo r  buf l d i n g  f l o o r  
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NAB Lfttle Creek - 

The f ~ ~ & r t l l d ~  g i  ves 8.7 fee t  mean sea level (MSL) as the 100-year 
storm s t i  1 lwater surge elevation I n  Chesapeake 83y along the Li t t le  
Creek beach and 10.1 f e e t  as  the 500-year st 3rm s t i l  lwater Surge 
e 1 e v a t  ion .  The ground contours which match those s t i l  lwater surge 
elevatfons d e f i n e  the extent of the ZOO-year and 500-year flood plafns 
a t  NAB L i t t l e  Creek (see Fig. 2.5, page 2-17). The NAB desfgn policy 
rsires bui  l d i n g  f l oo r  elevations well above the s t i l  lwater surge 
elevations. 

The 100-year storm elevation with waves on Chesapeake Bay 1s  13 
f e e t  MSL and i n  ~ i t t l e  Creek Harbor i s  9 f e e t  MSL. Tne barrier dunes 
protect  the  NAB developed areas from the  high waves a t  t he  beachfront. 
The FEMA studies assume t h a t  waves that  do go in1 and ( I  t k e  those a t  the 
harbor) diss ipate  quickly I n  shall ow water depths. 

NAB Annex 

Fig, 2.6, page 2-19, shows the extent of t h e  100-year and 500-year 
flood plains. These flood plains a r e  estimated frdm the 1985 FEMA 
st11 lwater surge elevdtfons a t  the oceanfront adjacent t o  the NAB Annex: 
8.7 f e e t  fo r  t h e  100-year and and  10.1 f e e t  MSL f c r  the 500-year storm, 
f h ~  1985 FEMA maps g i v e  the 100 year storm elevation with waves as 13 
f e e t  a t  the oceanfront and 9 f e e t  MSL a t  Lake Cht i s t fne .  Since flood 
el tvat ions are  s i m i l a r ,  the L i t t l e  Creek design policy can be extended 
t o  the NAB Annex. 
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March 29, 1991 

Baker Environmental, Inc. 
Airport Office Park. Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 151 08 

(41 2) 269-6000 
FAX (412) 269-6097 

Mr. Clarence Warnstaff 
Department of Public Utilities 
City of Virginia Beach 
Municipal Center 
Virginia Beach, VA 23456 

Dear Mr. Warnstaff: 

Baker Environmental, Inc. (Baker) is currently performing environmental related services 
under contract to the Department of the Navy in the Virginia Beach area. As part of 
this contract we are  tasked with gathering information concerning the public water 
distribution system in the area. 

On March 25, 1991, I spoke with Mr. Tom Leahy by telephone to discuss Baker's 
information requirements. At that time, he suggested that a le t ter  outlining Baker's 
information needs be forwarded to you. The following is a list of the information we are  
required to  collect. If any of this information cannot be provided by your office, the 
suggestion of other possible information sources would be greatly appreciated. 

* The area or extent (boundaries) of the City of Virginia Beach's public water 
distribution system 

The source(s) of Virginia Beach's water supply (i.e., groundwater, surface water, a 
mixture of both, or purchased from someone) 

* If water is obtained from surface water sources, determine locations of intake 
points 

0 If public water is obtained from groundwater sources, determine the location of 
system well(s), their specifications (e.g., depth, water level, diameter, flow rates, 
etc.), the aquifer($ tapped, and specifics (e.g., hydraulic conductivity, porosity, 
aquifer transmissivity, hydraulic gradient, aquifer thickness, confining layers, 
etc.) of the aquifer($ tapped 

If  public water is obtained from a mixture of groundwater and surface water 
sources, determine the approximate percentage obtained from each 

Estimate the number of people served by the public water distribution system 

Identify i f  public water (either surface or ground) is used for: 

Irrigation (5-acre minimum) of commercial food crops or commercial forage 
crops; 



Mr. Clarence Warnstaff 
Page 2 
March 29, 1991 

b Watering commercial livestock; 
b Ingredient in commercial food; or, 
b Major or designated water recreation area. 

Baker needs to collect the above information no later than April 12,1991. I will follow 
up this le t ter  with a telephone call before the end of the week to  ensure that you have 
received the letter and so we can determine the level of effort required to  collect the 
information (i.e., is the information readily available, how long will it take to collect, 
can the information be copied and mailed or should Baker supply a person to assist in the 
researching process, etc.). 

If you have any questions upon receiving the letter, please feel f ree  to call me a t  
(412) 269-6000. Your assistance and e f fo r t s  in performing this task a r e  greatly 
appreciated. 

Very truly yours, 

BAKER ENVIRONME 1"" l'"". 



DEPARTMENT OF WBLlC UTILITIES 
(804) 427-4346 
FAX (804) 426-5778 

City of Virginia Beach 

MUNICIPAL CENTER 
VIRGINIA BEACH. VIRGINIA 23456-9041 

April 9, 1991 

Jeffrey S. Laskey 
Baker Environmental, Inc. 
Airport Office Park, Building 3 
420 Rouser Road 
Coraopolis, Pennsylvania 15108 

Dear Mr. Laskey: 

Re: Public Water Distribution System, Department of the Navy, 
Virginia Beach Area - Federal Agencies - U. S. Navy 

In response to your letter of March 29, 1991, the following items 
numbered 1 through 7 are keyed to your list of requested 
information: 

1. Please see attached map showing boundaries of the City 
of Virginia Beach's public water distribution system. 

2. City of Norfolk. 

3 .  4. 5 ,  We understand that you have sent Norfolk a similar 
inquiry. As our water supplier, they will provide 
the data on these items. 

7. a. No 
b. No 
c. No 
d. Wild Water Rapids Water Park, 849 General Booth 

Boulevard, Virginia Beach VA 23451 
Kempsville Recreation Center, 800   on mouth Lane, 

Virginia Beach VA 23464 
Great Neck Recreation Center, 2521 Shorehaven Drive, 

Virginia Beach VA 23454 



Jeffrey S. Laskey 
April 9, 1991 
Page 2 

should you require additional information or assistance, please 
feel free to call me. 

Sincerely, 

- i, J clarence ~ar;t'staf'f 
Director L 

4 
Aktachment 

pc: Neal Windley, Director 
Norfolk Public Utilities 



NORFOLK SYSTEM WATER SUPPLY 
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Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: April 8, 1991 

To: Karen Mayne From: Aaron Bernhardt 
Repres.: Fish and Wildlife Service Repres.: Baker Environmental, Inc. 
Phone No.: 804-693-6694 Phone No.: 412-269-6090 

Subject: Sensitive Environments 

I told her we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on sensitive environments. 
She told me the following: 

a. There are some bald eagle nests around the sites 

b. There are two state wildlife management areas 
o Hog Island 
o Chickahominy 

c. No natural preservations; the National Park service has jurisdiction 
over them 

d. the only endangered species information she has is down to the county 
level. I should talk to the state to get more specific information, 
especially the VA Natural Heritage Program, and the Dept. of Game and 
Inland Fisheries. 

e. There are no federal wilderness areas in the area. Most of them are on 
National Forest Lands. 

f. There are no Critical Habitats as defined in 50 CFR 420. Grandview 
Natural Area is being considered for the Piping Plover. 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: May 1, 1991 

To: Bridgett Costanso From: Aaron Bernhardt 
Repres.: Fish & Wildlife Service (FWS) Repres.: Baker Environmental, ~ n c .  
Phone No.: 804-693-6694 Phone No.: 412-269-6090 

Subject: Sensitive Environments 

I told her we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on sensitive environments. 
Bridgett gave me the following responses: 

a. There are several National Wildlife Refuges in the area. I should call 
each one to obtain maps showing their exact locations: 

o Back Bay (804-721-2412) 
o Great Dismal Swamp (804-968-3705) 
o Mackey Island (919-429-3100) 
o Nansemount may be managed by Dismal Swamp 

b. For state designated natural areas I should call: 
o VA Department of Game and Inland Fisheries (804-683-9868) 
o VA Natural Heritage Program (804-786-7951) 

c ,  She will send me a County list for Federally endangered species 

d. North Landing River and Back Bay would be Federal land Designated for 
the protection of natural ecosystems. They are called Focal areas. The 
FWS will do contaminant assessment work, wetland work. The Mature 
Conservancy also has purchased some land around the N. Landing River. 
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COUNTY OCCURRENCES OF 

S l e n d e r  Chub 
S-potf i n  Chub 
Yellowf i n  Madtom 
Loagerhead Turtle 
Bald  Eag le  
P e r e g r i n e  F a l c o n  
P i p i n g  P l o v e r  
Red-Cockaded b7mdnecker 
Gray Bat 
I n d i a n a  Bat 
V a .  Big-Eared Bat  
E a s t e r n  Cougar* 
Delmarva Fox S q u i r r e l  
V a .  F r i n g e d  Mountain 
S n a i l  
Birdwing P e a r l y  Mussel  

ENDANGERED AND TIIREATENED SPECIES I N  VIRGINIA 

Dromedarv P e a r l y  Mussel 
Green Blossom P e a r l v  
Mus se 1 
Tan R i f f l e  Musse l  
F i n e   rayed Mussel  
Sh iny  P i g t o e  Mussel  
Cumberland tlonkey-Pace 

2 7.  Di-ma1 Swamp S o u t h e a s t e r n  Shrew 
28. P e t e r s  Mouiatain Mallow 
29. James spinymussel (.@ . 
30. ~ o ~ t - l z c l u s t w - ~  ub~rrr~h trl o f  3 
35 g o a , ~ o k r  l o3p@rck  

3 1 .  a m a r f  >edcle ~ J S S , ~  
Pearky  Musse l  

3 Appa lach ian  Monkey -Face aa .  , ' L ,rqe4L 

P e a r l y  Musse l  5 b  b v r r  Y c/rk cirPclsi 

* S i q h t i n g  unconf i rmed:  may he e x t i n c t .  



November 1990 

FEDERALLY LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES 
IN VIRGINIA 

Common Name Scientific Name Status Distribution 

FISHES: 

Chub, slender 

Chub, spotfin 

Logperch, Roanoke 

Hvbopsis cahni T Powell River, Lee 
County; Clinch River 
downstream of TN line. 
Critical habitat: 
Powell River, main 
channel from the 
Tennessee-Virginia 
state line upstream 
through Lee County; 
Clinch River, TN-VA 
state line upstream 
through Scott County. 

Hvbopsis (Cv~rinella) 
monacha T 

Percina rex 

North Fork Holston 
River, Scott and 
Washington Counties; 
Middle Fork Holston 
River, Washington 
County. Critical 
habitat: North Fork 
Holston River, main 
channel from the 
Virginia-Tennessee 
state line upstream 
through Scott and 
Washington Counties. 

Roanoke River system in 
Roanoke and Montgomery 
Counties; Pigg River 
system in Franklin and 
Pittsylvania Counties; 
Nottoway River syatem 
in Dinwiddie, 
Greenville and Sussex 
Counties; Smith River 
system in Patrick and 
Henry Counties. 
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FEDERALLY LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES 
IN VIRGINIA 

Common Name Scientific Name status Distribution 

Madtom, yellowfin - Noturus flavipinnis T Copper Creek, Scott and 
Russell Counties; 
Powell River downstream 
of TN line. Critical 
habitat: Powell River, 
main channel from the 
Virginia-Tennessee 
state line upstream 
through Lee County; 
Copper Creek, main 
channel from its 
junction with Clinch 
River upstream through 
Scott County and 
upstream in Russell 
County to Dickensville. 

Madtom, yellowfin Noturus flavivinnis X 

Sturgeon, shortnose* Acivenser brevirostrum E 

REPTILES AND AMPHIBIANS: 

Salamander, Shenandoah Plethodon shenandoah E 

Turtle, green* Chelonia mvdas T 

Turtle, hawksbill* Eretmochelvs imbricata E 

Turtle, leatherback* Dermochelvs coriacea E 

Experimental populations 
are designated in North 
Fork Holston River, 
Smyth, Washington and 
Scott Counties. 

No recent records in VA. 
Potentially in 
Chesapeake Bay 
tributaries. 

Shenandoah National 
Park, Madison and Page 
Counties . 

Oceanic; summer resident 
in coastal waters, 
including Chesapeake 
Bay. 

Oceanic; summer visitor 
in coastal waters. 

Oceanic; summer visitor 
in coastal waters, 
including Chesapeake 
Bay. 
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FEDERALLY LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES 
I N  VIRGINIA 

Common Name s c i e n t i f i c  Name S t a t u s  D i s t r i b u t i o n  

T u r t l e ,  loggerhead* Caretta c a r e t t a  

T u r t l e ,  A t l a n t i c  
r i d l e y *  

BIRDS : 

Eagle ,  b a l d  

Fa lcon ,  American 
p e r e g r i n e  

Fa lcon ,  Arctic 
p e r e g r i n e  

P l o v e r ,  p i p i n g  

Lep idoche lvs  kempi E 

H a l i a e e t u s  E 
l eucocepha lus  

F a l c o  p e r e a r i n u s  anatum E 

F a l c o  p e r e u r i n u s  T 
t u n d r i u s  

C h a r a d r i u s  melodus T 

Warbler, Bachman's Vermivora bachmanii  E 

Warbler ,  K i r t l a n d ' s  Dendroica  k i r t l a n d i i  E 

Woodpecker, red-cockaded P i c o i d e s  b o r e a l i s  E 

Oceanic;  summer r e s i d e n t  
i n  c o a s t a l  w a t e r s ,  
i n c l u d i n g  Chesapeake 
Bay; o c c a s i o n a l l y  n e s t s  
i n  V i r g i n i a  Beach, 
Northampton and 
Accomack Count ies .  

Oceanic;  summer r e s i d e n t  
i n  c o a s t a l  w a t e r s ,  
i n c l u d i n g  Chesapeake 
Bay. 

E n t i r e  s tate - n e s t s  i n  
e a s t e r n  c o u n t i e s .  

E n t i r e  s t a t e  - 
re -es tab l i shment  o f  
b r e e d i n g  p o p u l a t i o n  t o  
c o a s t a l  and mountain 
sites i n  p r o g r e s s .  

E n t i r e  state- migratory;  
c o n c e n t r a t i o n  area 
a l o n g  c o a s t .  

Accomack and Northampton 
Count ies ,  C i t i e s  o f  
Hampton, V i r g i n i a  
Beach, and Portsmouth.  

Extremely r a r e  - no 
r e c o r d e d  n e s t i n g .  

E n t i r e  s tate - 
o c c a s i o n a l  migrant .  

s u f f o l k ,  and Sussex 
Count ies  . 
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FEDERALLY LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES 
IN VIRGINIA 

Common Name Scientific Name Status Distribution 

Bat, gray 

Bat, Indiana 

Mvotis qrisescens E Lee, Scott, and 
Washington Counties. 

Mvotis sodalis E Lee, Wise, Bland, Giles, 
Botetourt, Montgomery, 
Alleghany, Bath, 
Tazewell and Shenandoah 
Counties. 

Bat, Virginia big-eared Plecotus townsendii E 
virqinianus 

Cougar, eastern Felis concolor couwar E 

Shrew, Dismal Swamp 
southeastern 

Squirrel, Delmarva 
Peninsula fox 

Squirrel, Virginia 
northern flying 

Whale, blue* 

Whale, finback* 

Whale, humpback* 

Whale, right* 

Whale, sei* 

Whale, sperm* 

Sorex lonqirostris T 
f isheri 

Sciurus niaer cinereus E 

Glaucomvs sabrinus E 
f uscus 

Balaenoptera musculus E 

Balaenoptera phvsalus E 

MeqaDtera novaeanqliae E 

Eubalaena spp. E 
(All species) 

Balaenoptera borealis E 

Phvseter catodon E 

Bath, Highland and 
Tazewell Counties 

Historically, entire 
state; continued 
existence unconfirmed. 

Cities of Chesapeake, 
Suffolk, and Virginia 
Beach. 

Accomack and Northampton 
Counties . 

Grayson, Highland and 
Smyth Counties . 

Oceanic. 

Oceanic. 

Oceanic. 

Oceanic. 

Oceanic. 

Oceanic. 
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FEDERAUY LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES 
IN VIRGINIA 

Common Name Scientific Name Status Distribution 

MOLLUSKS : 

Snail, Virginia coil Polvsvriscus 
virsinicus 

Mussel, Dwarf wedge Alasmidonta heterodon 

Mussel, birdwing pearly Conradilla caelata E 
(= Lemiox rimosus) 

Mussel, Fanshell Cmrosenia stesaria E 
(= c. irrorata) 

Mussel, dromedary pearly Dromus dromas E 

Mussel, green blossom 

Mussel, tan riffle 
shell 

Mussel, fine-rayed 
pigtoe 

E~ioblasma (=Dvsnomia) E 
torulosa qubernaculum 

Epioblasma walkeri E 
(=  E .  Florentina 

walkeri) 

Fusconaia cuneolus E 

Mussel, shiny pigtoe Fusconaia edaariana E 
(= F. S)  

Mussel, cracking pearly Hemistena lata 

Pulaski County, near 
Rad f ord . 

Nottoway River, Nottoway 
and Lunenberg Counties; 
historically 
in Rappahannock and 
James River drainages. 

Powell and Clinch 
Rivers, Lee, Russell, 
Scott and Wise 
Counties . 

Clinch River, Scott 
County. 

Powell River, Lee 
County; Clinch River, 
Scott County 

Clinch River, Scott 
County. 

Middle Fork Holston 
River, Smyth and 
Washington Counties. 

Clinch River, Tazewell, 
Russell, Scott, and 
Wise Counties; Powell 
River, Lee County. 

Powell, Clinch and 
Holston Rivers, 
Tazewell, Russell, 
Scott, Wise, Lee, 
Washington and Smyth 
Counties. 

Clinch River, Scott 
County; Powell River, 
Lee County. 
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FEDERAUY LISTED AND PROPOSED ENDANGERED AND !M-IREATENED SPECIES 
IN VIRGINIA 

Common Name Scientific Name Status Distribution 

Mussel, little-winged Peaias fabula 
pear 1 y 

Mussel, Cumberland 
monkey-face 

Mussel, Appalachian 
monkey-face 

Spinymussel, James 

Quadrula intermedia E 

Quadrula soarsa E 

Pleurobema collina E 

ARTHROPODS : 

Isopod, Madison Cave Antrolana lira T 

Amphipod, Hay's Spring Stvsobromus havi E 

Beetle, American burying Nicroohorus americanus E 

Beetle, Northeastern Cicindela dorsalis T 
beach tiger dorsalis 

Clinch River, Tazewell 
County; North and 
Middle Forks Holston 
River, Smyth County. 

Powell River, Lee 
County . 

Powell River, Lee 
County; Clinch River, 
Scott County. 

Craig, Johns, Catawba 
and Patterson Creeks, 
Craig and Botetourt 
Counties; Pedlar River, 
Amherst County; Rocky 
Run, Moomans River and 
Mechums River, 
Albermarle County. 

Augusta County. 

District of Columbia. 

No recent records in 
Virginia; probably 
extirpated . 

Accomack, Lancaster 
Middlesex, Mathews, 
Northampton, 
Northumberland, City 
of Hampton. 
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FEDERALLY LISTED AND PROPOSED ENDANGERED AND TRREATZNED SPECIES 
IN VIRGINIA 

Common Name Scientific Name Status Distribution 

PLANTS : 

Birch, Virginia 
round-leaf 

Betula uber 

Bittercress, Cardamine micranthera E 
small anthered 

Bulrush, northeastern Scirpus ancistrochaetus PE 

Mallow, Peter's mountain Iliamna corei E 

Orchid, white-fringed Platanthera leucophaea T 
prairie 

Pink, swamp Helonias bullata T 

Pogonia, small whorled Isotria medeoloides E 

Rockcress, smooth 

Spiraea, Virginia 

Arabis serotina E 

Spiraea virainiana T 

Cressy Creek, Smyth 
County. 

Peters Creek and tribs, 
Patrick County. 

Alleghany, Augusta, 
Bath and Rockingham 
Counties. 

Giles County. 

Augusta County. 

Augusta, Henrico, and 
Nelson Counties. 

Appomattox, Buckingham, 
Caroline, Gloucester, 
James City, New Kent, 
and Prince William 
Counties. 

Alleghany, Augusta, 
Bath, Highland, and 
Rockbridge Counties. 

Dickenson, Grayson, 
Roanoke, and Wise 
Counties . 

*Except for sea turtle nesting habitat, principal responsibility for these species is 
vested with the National Marine Fisheries Service. 

PE = Proposed Endangered 
PT = Proposed Threatened 
E = Endangered 
T = Threatened 
X = Experimental Population 
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Creek. The fo l l o l~ ing  year saw the Naval Inshore Llndersea 'Narfare Group TWO, located 
on the east side of L i t t l e  Creek Harbor since 'iVorld 'Nar 11, become a tenant command. 

The mission of NAB L i t t l e  Creek broadened in  scope in 1970: 

To provide on-3ase facil i t ies and services, as required, for the administrative and 
logistic support of the operating forces, resident commands, organizations and 
other LInited States and allied units in  order to support amphibious, counterinsur- 
gency, l~nconventional warfare, restricted water and riverine warfare, special 
% ~ a r f a r e ,  and other approved operations and training. 

The early 1970s also saw the expansion m d  modernization of many facil i t ies aboard the - 
base and the beginnings of an upswing in energy cost-saving and environmental 
protection measures. These included investment in  oi l  spill prevention measures. The 
inedical department became a 3ranch Dispensary of the newly established Naval 
Regional Medical Center Portsmouth i n  197 I, conducting neariy a quarter mil l ion 
outpatient visits, processing 28 1,559 lab tests and 100J 16 x-rays in tfiat year. 

A number of activit ies relocated to NAB L i t t l e  Creek in  1973: 

o Commander Service Squadron Eight, 
o Atlant ic Fleet i'Aissile 'Neapons System Training Unit, 
o Engineering Support Department (Norfolk Detachment), 
o Fleet Composite Squadron Six, and 
o Supervisor of Shipbuilding, Conversion & Repair, F i f t h  Naval District. 

The following year, Underwater Construction Team One relocated to  NAB L i t t l e  Creek 
and a new barracks and third service station were constrtrcted. 

In July 1975, administrative control over NAB L i t t l e  Creek passed to the Commander 
Naval Surface Force At lant ic (COMNAVSURFLANT), a new command. Other act iv i ty 
changes made in  the late 1.970s and early 1980s included the following: 

o Underwater Demolit ion Team 22 was established; . 
o Patrol Hydrofoil Missile Ships Logistics Command was transferred to  Florida; 
o lnshore Undersea Narfare Group Two was disestablis+ed; 
o Sea, Ai r  and Land (SEAL) Team 3 was established; 
o Behavior Skill Training Uni t  (SEST) became a tenant activity; and 
o Small Arms Marksmanship Training Uni t  became a tenant activity. 

4.2.1 Historicai Sites. There are no known areas.of historic or archeological interest on 
NAB L i t t f e  Creek (Master 31an). There is a World 'Nar I1 lookout station on base, but it 
is not eligible for inclusion i n  the National Register (NAVFAC, 1983, Vol. 11). 

4.3 LEGAL ACTIONS. There have 5een no legal actions taken against NAB L i t t l e  Creek 
for violation of environmental laws, according t o  Legal Services and i ts  Claims Division. 

4.4 BIOLOGICAL FEATURES. 

4-4.1 Ecosystems. A diverse and complex group of plant associations occlJrs in the 
coastal region o f  'Virginia. Plant distribution is primarily affected 5y the moisture, 
tex-ture, and salinity o f  soils and the degree of exposure to ~ ~ i n d ,  wave action, and salt 
spray. Generally, plants occurring just landward of the beach area are the m ~ s t  salt- 
tolerant and those found further inland are less well adapted to saline soils and salt 



P 
spray. aeach communities are capable of withstanding the detrimental effects of high 
winds, shifting sands, high temperatures, and extremely high light intensity. Inland from 
the well-drained soils of the beach zone, away from the effects of salt spray, are the 
hydric and mesic communities that are protected from the harsh nar i t ime envirmment. 

The following section provides a brief description of biotic communities on NA8 L i t t l e  
Creek, as well as Camp Pendleton (NAVFAC, 1983) and Bloodsworth Island Shore 
t3ombardment and Bombing Range (U.S. Department of the Navy, 1982). 

4.4.1.1 NAB Little Creek. Because of rather intensive development on the base, l i t t le  
land has been allowed to retain a natural cover of vegetation. Species composition of 
remaining vegetational communities generally reflects the consequences of past and 
ongoing habitat alterations. Training exercises, landfilling, dredging, and spoil disposal 
have created a cover containing a diversity of aggressive weedy invaders that have 
displaced many of the more sensitive native species that orginally inhabited the region. 

Dune formations along the Chesapeake gay and L i t t l e  Creek Entrance Channel contain a 
sporadic cover of salt-tolerant plants able to withstand the drift ing sands and high winds. 
The less stabilized dune formations are covered by herbaceous species, while the 
topographically higher landward dunes also contain woody shrubs. Typical herbaceous 
plants include broomsedge, Japanese honeysuckle, greenbrier, grapevine, and beqch 
grass. Shrubs commonly encountered on the dunes are black cherry, scrub-live oak, and 
wax myrtle. lnland of the dune formations are transition forests typified by scrub-live 
oak, black cherry, loblolly pine, persimmon, American holly, dogwood, willow oak, 
sassafras, and redbay, lnland of  these, coastal plant communities typical of Virginia's 
coastai plain have become established. Because this area also contains the (nost 
developed sections of the base, these cover types tend to be isolated tracts t ~ i t h i n  
urbanized areas. 

Typical forest types incl i~de mixed hardwood, loblolly pine-mixed hardwood, and loblolly 
pine. Loblolly pine dominates the higher ground, and red maple generally replaces it in 
depressions. Although tidal portions of -the L i t t l e  Creek Inlet originally contained 
wetlands, these areas have since been covered by dredged spoil or used as landfill. 
Common reed appears to cover most areas that were formerly tidal wet lands. 

Wildlife species on NAB L i t t l e  Creek are l imited to those that are capable of surviving in 
close proximity to urbanized areas. Typical species include eastern cottontail, eastern 
mole, house mouse, \~hi te- footed mouse, muskrat, raccoon, and eastern gray squirrel. 
Some of the more common overwintering birds that have been recorded in the mixed 
forests of the base inelude. cedar waxwing, white-throated sparrow, Carolina {Nren, 
cardinal, and robin. The beach area is visited by a \ ~ i d e  variety of gulls, brant, surf 
scoters, mallards, and royal terns. 3uring the winter the grassy dunes are inhabited 5~ 
field and seaside sparrows and mourning doves. 

Approximately 275 acres. of wooded land have been identified on NAB L i t t l e  Creek 
(NAVFAC; 1967). Due to  the number, size, location, and arrangement of these forested 
areas, they were not considered commercially operable for timber management, and a 
forest management plan has not been developed. A j ~ i l d l i f e  management plan was also 
not developed due to the l imited extent of undeveloped land on the base (NAVFAC, 
1 968). 

- There are five small ponds and two large lakes on the base. These water bodies total 205 
acres. In addition, approximately two miles of Chesapeake Bay bounds the base on the 



north, and the L i t t l e  Creek Entrance Channel bounds the base on the west. Fishery 
Management Plans have been formulated to inventory existing fishery resources and 
recommend management practices to  improve habitat conditions (NAVFAC, 1968; U.S. 
Fish & 'Nildlife Service, October 1977). Along the Chesapeake Bay and L i t t l e  Creek 
Entrance Channel, striped bass, spot, bluefish, croaker, sea trout, and blue crabs are 
commonly encountered. The inland ponds have a history of population management 
problems due to periodic flooding. Twenty-one species of fish have been recorded in 
these freshwaters. Gizzard shad tend to dominate the catch in the lakes, while carp and 
bullheads are most prevalent in the ponds. Fishing is available to mil i tary personnel and 
guests. 

- 
4.4.1.2 Camp Pendleton. The majority of land on the Annex at  Camp Pendleton has heen 
allowed to remain in a natural cover of vegetation. Mixed forest constit l~tes 52 percent 
of the base and is the nost  prominent cover type. Red maple is the most common tree, 
while sweet gum, loblolly pine, blackgum, water oak, and willow oak-are also frequently 
encountered \ ~ i t h i n  this forest. A grassy dune and remnant scruo dune communi ty is 
located inland of the beach on the eastern edge of the base. The scrub dune zone has 
been heavily impacted- by mil i tary rnaneuvers and the resulting barren portions are 
subject to severe wind erosion. A freshwater marsh totalling 22 acres is located on the 
southern portion of the base. This wetland, known as Lovett's Marsh, has been ditched 
for drainage, which has allowed upland trees and shrubs to encroach upon the marsh. 
Common emergent vegetation of the marsh include cattail, pickerelweed, and spike rush. 

The greater diversity and acreage of natural cover types of Camp Pendleton provides 
habitat for larger numbers of wildlife than are found on NAB L i t t l e  Creek. The 
freshwater wetland in particular provides food, cover, and nesting sites for a wide 
variety of birds. Typical mammals of this area include eastern cottontail, whitetailed 
deer, white-footed mouse, muskrat, raccoon, and eastern gray squirrel. 

4.4.1.3 Bloodsworth Island Shore Sombardment md Bombing Range. Approximately 70 
percent of the 5,358-ucre island is dominated by salt-tolerant black needlervsh. Around 
the perimeter of the island saltmarsh cordgrass is also found, while slightly higher 
elevations on the island tend to be dominated by groundsel-tree and marsh elder. 
Remnant timber stands are primarily concentrated on Fin Creek Ridge, j ~h i ch  is located 
on the northern portion of the island. The remainder of the island has only small isolated 
hummocks < ~ i t h  few trees st i l l  remaining. Most of the trees have been killed by salt 
intrusion and incendiary shelling or fire. The few individuals st i l l  alive are mostly black 
locust, with some red cedars and loblolly pine. 

The prominence of needlerush on Bloodsworth Island limits the habitat value to 
furbearers and waterfowl. The island, however, provides important over~ in ter ing and 
stopover areas for waterfowl. Some reproduction also takes place in cordgrass/saltgrass 
areas in perimeter areas of the island. The heronries are perhaps the island's best known 
and most valuable ecological feature. The range supports the largest number of breeding 
pairs of great blue herons on the Lower Chesapeake 3ay Islands. In addition, osprey are 
common throughout'the island, with 3 1 nesting pairs recorded in 1978. 

4.4.2 Endanqered, Threatened, and Rare Species. Endangered and- threatened biota have 
Seen desiqnated by the Federal Government and receive protection under the Endangered 
Species Act of 1973 (Federal ?egister, January 17, 1979). The State of Virginia also 
officially recognizes endangered species designated by the United States. Maryland has 
established its own endangered list that includes species in addition to those recognized 
by the Federal Government (Wildlife Conservation Regulation 08.03.03). In addition to 



officially recognized species, there are a number of plants currently under review as 
potential endangered or threatened species (Federal 3egister, December 15, 1980 and 
November 28, 1983). 

Recent surveys on NAB L i t t le  Creek and the two support facilities have not identified 
endangered or threatened species. Field studies on Bloodsworth Island conducted by the 
Maryland Wildlife Administration concluded that because of the absence of suitable 
habitat, there is no reason to believe endangered floral and faunal species inhabit the 
island (NAVFAC, February 1982). However,. the :Maryland Wildlife .Administration does 
recognize that although the eagle does not nest on the island, it might uti l ize the island 
on a part-time basis. More recent surveys at Camp Pendleton and on portions of YAB 
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L i t t l e  Creek have also failed to reveal the presence of endangered species (Naval 
Faciii ties Engineering Command, 1983). 

There are a number of species that could inhabit the region or may -range over the area 
during migration. Sea turtles that could range as far north as Virginia, Sut are not 
expected to nest in this region, include the green sea turtle, hawksbill sea turtle, Kemp's 
ridley sea turtle and the leatherback sea turtle. Although the brown pelican nests south 
of Virginia, juveniles of this species dr i f t  north along the coast during late summer. The 
Arctic peregrine falcon can be found in coastal areas during migration, particularly in 
September and October. In addition, hacking stations have been established for the 
American peregrine falcon on the Eastern Shore and at  Back Bay National Wildlife 
Refuge, and this Sird may eventually Se reintroduced into the region. The fdlowing five 
species reside or breed in southeast 'Arginia but are not known to inhabit NAB L i t t le  
Creek or the two support facilities (NAVFAC, 1 983). 

Cardamine longii (Long's Bit ter Cress). Under 3eview (Vascular Plant). This plant 
is known to  occur on the border of salt marshes from Maine to Virginia. The 
disjunct populations are sensitive to pollution, draining, and habitat disturbance. 
Long's bitter cress, however, has not been collected from either Virginia Beach, 
Virginia or Dorchester County, Maryland. 

Lilaeopsis carolinensis (No Common Name). Under re vie^ (Vascular Plant). This 
plant is known to occur in shallow pools and ponds from the coast of southeast 
Virginia to South Carolina. These wetland plants are vulnerable to drainage and 
habitat disturbance and reach their northern limits in the Virginia Tidewater area. 

Coretta coretta (Loggerhead Sea Turtle). Tkeatened (Reptile). The loggerhead is  
the most common sea turtle on the Virginia coast. The largest concentrations of 
these turtles off NAB L i t t le  Creek occurs during migration in the spring and fall. 
Although five clutches of eggs are known to have been laid near Back Bay National 
'Nildlife Refuge from 1970 to 1980, Virginia is actually north of the turtles' nesting 
range and the region provides l i t t le  value to  loggerhead nesting success. The turtle 
also requires a strong surf on nesting beaches, and therefore would not be expected 
on NAB L i t t l e  Cree!cls beaches. A dead loggerhead did wash up on the NAB L i t t le  
Creek beach in 1980 (Virginia Institute of Marine Science, 1980). 

t-feliaeetus leucocephalus (Southern Bald hg le ) .  Threatened Resident). 'Iirginia 
provides prime habitat for the southern bald eagle. In 1978, 37 active nests were 
located in the state and productivity was 0.49 fledglings per active nest. Although 
productivity has improved greatly when compared with. the low point in 1963 (0. I ? 
fledglings per active nest), the '/irginia bald eagle population is  not reprodr~cing a t  
a level adequate to sustain the population. There are currently no bald eagles 



nesting in Virginia Seach. Some birds, however, do winter along area beacher ., 
pass through the region during migration. 

Picoides boreal is (Red-Cockaded \Noodpeckerf. Endangered (Resident 3ird). This 
woodpecker is a highly specialized bird that nests only in pines affl icted with red 
heart fungus. ~ m o n ~  woodpeckers, the red-cockaded has an advanced social 
system and is known to live in a group or clan of two to nine birds. This 
woodpecker has not been seen in Virginia Seach in two to three years. The last 
sightings were neclr Pungo in the southern, less developed part of the city. 

4.5 PHYSICAL .eATURES. 

4.5.1 Climatoloqy. The climate of the tidewater area is characterized as oceanic, with 
nearby Atlantic Ocean and Chesapeake Say providing a profound moderating effect. 
!Hinters are relatively mild and summers are cool. Average temperatures in July range 
from 75-87'~. Winters seldom reach the freezing mark and may near SOOF. The 
maxi mum temperature recorded over a 40-year period ( 1 939-78) was I o~OF. ;  the 
minimum, 5 ' ~ .  . . 

The average number of frost-free days per year is 245. The first kil l ing frost occurs 
around November 2 1 ,  and the last, around March 2 1. 3ased on the 40-year data record at  
Norfolk International Airport, annual precipitation averages $5 inches, with the heaviest 
precipitation in the summer. Snowfall averages 7.3 inches per year. 

Prevailing winds from the southwest average 12.2 mph. Summer winds are "sea breezes," 
coming in of f  the ocean during the day, with land breezes returning more slowly at night. 
Neither northern nor tropical storms usually affect the area, but hurricanes are 
experienced about once every 'seven years (NAVFAC, 1983). ,Mean tidal range in L i t t le  
Creek Habor i s  2.6 feet, and currents average 0.9 knots (NAVFAC, 1979). 

4.5.2 Topography. NAB L i t t l e  Creek is located on the outer edge of the Atlantic 
Coastal Plain physiographic province. The Atlantic Coastal Plain is a broad, seaward- 
thickening wedge of sediments, with an overall surface slope toward the Atlantic Ocean. 
The inner portions of the coastal plain step down in elevation in a series of linear 
eastward-facing scarps which represent the shoreline during older, higher stands of sea 
level. In contrast, the outer coastal plain is characterized by low elevations and relief. 

Maximum elevations on NAB L i t t l e  Creek approclch 40 feet above mean sea level. This 
occurs on the crest of the highest dunes that face Chesa~eake Bay. The average 
elevation on the base is closer to 10 feet Mean Sea Level (IMSL), and the broad, flat 
character of the base can be attributed to the extensive development and fi l l ing that has 
occurred over the years of construction. Most of the shoreline within NAB L i t t l e  Creek 
has been improved with bulkheading and. the construction of the piers and quaywall. The 
only remaining shoreline that is not thus bulkheaded is along the eastern side of the inlet 
channel (where development of a new facil ity for a Landing Craf t  Air Cushion (LCAC) 
base is planned) and along the eastern and southern boundaries of  L i t t l e  Creek Cove 
(where the base landfill operated until 1975). 

The base was built up to its present elevations through a planned process of bulkheading, 
f i l l ing (Nith dredged spoil, and importing f i l l  as the various elements were completed. 
Almost all areas of the base are dry during normal tidal conditions. 
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Birds: Breeding birds were sought during May, June, and July 
1989. Birds were seen or identified by song. Breeding status was 
determined with criteria developed by the Virginia Society of 
Ornithology's Breeding ~ i r d  Atlas Project. Significant habitats 
for wintering or migrating birds were sought during the respective 
seasons. 

Mammals: The presence of mammals was determined by sightings, 
scats, tracks, sign, and by trapping. The trapping included 
pitfall arrays which were located at predetermined sites 
ascertained to be the most probable for the occurrence of rare 
mammals (as well as other terrestrial vertebrates). Other habitats 
on the Little Creek Amphibious Base were sampled through the use 
of snap-trap grids. Sampling sites are indicated in Figure 2. 
Snap-trap grids were established in several different habitat types 
as well. Considering all methods, a total of 2,633 trap nights 
were used which included 250 trap nights with snap traps. 

RESULTS 

PLANTS 

Summan of existins information 

No previous records of rare plant species were found from 
Little Creek Amphibious Base. The lists of rare species recorded 
from Virginia Beach and Chesapeake cities were used to direct 
inventory. These lists, attached as Table 1, includes 74 species. 
It is clear from the extensive list of rare species that Virginia 
Beach and Chesapeake are important in their numbers of significant 
rare plant species. 

Field investisation. 

Surveys began in May 1989 and continued through the fall 1989. 
The rare species results are summarized in the species accounts 
that follow and the locations presented in ~igures 3, 4, and 5. 
Plant status ranks were determined through Natural ~eritage 
Methodology as described by Ludwig (1989). For a more detailed 
description and aids to identification of each species, refer to 
Gleason (1952), Godfrey and Wooten (l979,1981), and Radford, et al. 
(1964). 
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SPECIES ACCOUNTS 

Lechea maritima var virginica, Virginian Beach Pinweed 

status: G5T2/S2 [Species secure over entire range, but subspecies 
very rare/very rare in ~irginia]. 

Lechea maritima var virqinica was recommended for special concern 
status at the 1989 Virginia Endangered Species Symposium. This 
species is a former candidate (3C) for listing as a Federally 
Endangered Species. 

~istribution: This variety of Lechea maritima is known from 
virginia and Southern Maryland. 9 coastal counties have been 
recorded as having populations in Virginia (Harvill, et al. 1986). 

~escription: Lechea maritima var. virqinica is a low pinweed 
rarely above 4 dm tall which has woolly basal leaves and erect to 
strongly reclining flowering stems. Stem leaves are whorled below 
the flowers which bloom in early fall. 

Project Findings: Lechea maritima var. virginica was first found 
in 1898 (a specimen in the U. S. National Museum by T. H. Kearney, 
Jr.) . Several hundred healthy, reproductive individuals of this 
species were found on the foredune and secondary dunes in the open 
herbaceous and scrub zones between the maritime forest and the 
beach (Fig. 3). 

Threats: No obvious threats to this species were observed at 
Little Creek. 

guercus incana, Blue Jack Oak 

Status: GS/S2S3 [Secure over its range/Very rare to rare in 
Virginia]. 

Quercus incana was recommended for special concern status at the 
1989 Virginia Endangered species symposium. 

Distribution: southeastern United States. 6 Coastal plain counties 
in southeastern Virginia (Harvill, et al., 1986). 

Description: The distinctive leaves of this oak are shaped much 
like those of Live Oak, Quercus virginiana, but have a distinctive 
pink color when emerging in Spring. Also distinctive is the 
leavets velvet underside. 



Rare Species Inventory Report - Little Creek 
page 9 

Project Findings: Approximately sixty individuals were observed 
in the maritime forest community behind the open dunes (Fig. 4). 
The trees aged from approximately 5 to 50 years and the larger 
individuals were observed fruiting. The species was concentrated 
in the eastern portion of the forest. 

Threats: A few, scattered individuals of this species were found 
on the golf-course side of the fence which separates the golf- 
course from the maritime forest. These individuals may be 
threatened by golf course maintenance activities or future land use 
changes. 

~illandsia usneoides, Spanish Moss 

Status: G5/S2S3 [Common over its entire range/very rare to rare 
in Virginia] 

Tillandsia usneoides was recommended for special concern status at 
the 1989 Virginia Endangered Species Symposium. 

Distribution: Southeastern United States. 6 Coastal Plain counties 
in southeastern Virginia (Harvill, et al., 1986) 

~escription: This is one of Virginia's only epiphytic vascular 
plants, and the only of these with distinctive grey foliage 
gracefully dangling from the branches of trees. 

Project -findings: A large population of this epiphyte was found on 
42 trees on portions of the eastern end of Scout Island (Fig. 5 ) .  

Threats: No immediate threats to this species were noted at Little 
Creek. 

ANIMALS 

Summarv of existins information. 

Fish. There were no previous records of rare fish from Little 
Creek Amphibious Base. The state rare swampfish, Cholosaster 
cornuta ( G 5 / S 3 ) ,  is known from the cypress ponds at Seashore State 
Park (C. A. Pague, unpubl. data) and may have once occurred on 
Little Creek Amphibious Base in undisturbed swamp forests. 
However, there is no supporting evidence for this hypothesis. 

Am~hibians. No records were found f o r  rare amphibians on 
Little Creek Amphibious Base; however, early investigations in 
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Princess Anne County (now the City of Virginia Beach) and research 
in Seashore State Park indicated that several rare species were 
possible. Werler and McCallion (1951) reported on several species 
of amphibians in Virginia Beach, primarily from Seashore State 
Park. There is also a report of Stereochilus marsinatus (Many- 
lined salamander) from a sandy-bottomed flowing stream near 
downtown Virginia Beach. However, suitable habitat does not exist 
at Little Creek. Siren lacertina (Greater Siren) was recorded 
early in this century at Lake Tecumseh (Dam Neck Lake). Rana 
vircrati~es (Carpenter frog) is known to inhabit cypress ponds in 
Seashore State Park. Possible habitat occurs in wet swamps around 
the golf course ponds, and the wooded swale on Scout Island. 

Re~tiles. No rare reptiles were recorded from the study area. 
Werler and McCallion (1951) did not list any rare species from the 
vicinity of Little Creek. The Canebrake rattlesnake (Crotalus 
horridus atricaudatus) is known from numerous records in Virginia 
Beach, but primarily south of Virginia Beach Boulevard (Mitchell 
and Pague, in prep; D. Schwab, pers. comm.). 

The Chicken turtle (Deirochelvs reticularia) is known from 
nearby Seashore State Park. This state Endangered turtle may have 
occurred at Little Creek Amphibious Base since the natural state 
of the base bore resemblance to the habitat at Seashore State Park. 
Chicken turtles are known to persist in man-altered aquatic 
habitats farther south in their range (Gibbons, J. W., 1969; K. A. 
Buhlmann, pers. obs.) , so we felt that the potential for their 
occurrence was high. 

Birds: No records of rare breeding birds were found that 
specifically located them at Little Creek Amphibious Base. A list 
of rare birds known to occur in Virginia Beach and Chesapeake and 
with appropriate habitat occurring at Little Creek was generated 
from the Natural Heritage database (Table 1). 

Mammals: No records for the existence of rare mammals on 
Little Creek Amphibious Base were found. The Dismal Swamp 
southeastern shrew (Sorex lonqirostris fisheri) is known from the 
City of Chesapeake and in portions of Virginia Beach and was 
thought to possibly occur on Little Creek Amphibious Base. 

The Pungo mouse (Perom~scus leuco~us easti) is a diminutive 
sub-species of the common white-footed mouse (2. 1. leuco~us). 
This animal has been historically described from the areas directly 
behind the beach dunes from Virginia Beach to False Cape (Paradiso, 
1960). Sampling effort has not been extensive in the coastal zone 
of northern Virginia Beach; therefore, this species was thought to 
possibly occur in the dune habitats of Little Creek Amphibious 
Base. 
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Field investiaation. 

No rare fish were captured or observed in the study area. The 
species encountered or collected are listed in Table 3. 

Eight species of amphibians were captured or heard, in the 
case of frogs, on Little Creek Amphibious Base (Table 3). Two of 
the amphibian species were salamanders and the remainder were 
anurans (frogs and toads). Of these, none were rare, threatened, 
or endangered species. Most of these species were collected in 
pitfall traps established in representatives of the different 
habitats. 

Sixteen species of reptiles were observed or captured 
including 8 turtles, 4 snakes, and 4 lizards (Table 4) . None of 
these species are considered rare, threatened, or endangered. The 
Red-eared slider (Trachemvs scri~ta elecrans) was found to inhabit 
the lakes. This turtle is native to the lower Mississippi valley 
and once was a popular turtle in the pet trade. A well-established 
population now exists in the open water bodies on the Base and 
undoubtedly resulted from released pets. 

Ninety-eight species of birds were observed, many of which 
breed at Little Creek Amphibious Base (Table 5). While several of 
these species are considered rare (see ~ppendix A), no evidence of 
breeding by rare species was documented. Inventory during the 
winter revealed that the marshes, ponds, and lakes of Little Creek 
serve as a haven for waterfowl and some wading birds. Moderate 
waterfowl use was noted on several occasions. However, none of the 
sites showed evidence of serving as large congregation sites. 

Mammals. During the course of our fieldwork, we captured or 
observed twelve species of mammals (Table 6). Four of these were 
captured in pitfall traps. The larger species were identified by 
observation, sign, and scats. None of the captured species are 
rare, threatened, or endangered species (however, see the notes on 
Peromvscus leucogus easti). 

Extensive trapping in the beach dune and live oak forests 
produced specimens of the white-footed mouse (Peromvscus leucopus 
w). Analysis is currently underway to determine if the rare sub- 
species 2. leucopus easti is present at Little Creek. 

SPECIES ACCOUNTS 

Peromyscus leucopus easti, Pungo mouse 

Description: similar to other subspecies of $. leucopus but much 
smaller (total length 145-162 mm) and paler with a brighter reddish 
wash on the flanks (Paradiso, 1960). 
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Status : G5Tl/Sl [Species is secure over its range; 
subspecies is extremely rare over its range/extremely rare in 
Virginia]. 

The subspecies is listed as a candidate for listing (C2) by the U. 
S. Fish and Wildlife Service. It was recomrnendea for status 
undetermined by the Virginia Endangered Species Symposium, 1989. 

Distribution: Paradiso (1960) described the species from the area 
of Back Bay National Wildlife Refuge and False Cape State Park. 
D. Schwab (pers. comm.) reported additional captures from False 
Cape State Park as recently as 1988. C. 0. Handley, Jr. (pers. 
comm.) collected material from the Duck, North Carolina barrier 
beach system. Paradiso predicted that the subspecies would 
probably be found south to Oregon Inlet, North Carolina in 
appropriate habitat. 

Project ~indings: Sixteen specimens of Perom~scus leucopus were 
captured during this study. The taxonomic designation of these 
specimens is uncertain (see the Discussion below) and currently 
being studied. The habitat within and just inland from the dune 
systems is correct for the subspecies easti. The small size of the 
animals collected on Little Creek Amphibious Base is also in 
agreement with those reported by Paradiso (1960) for easti. 
However, the pelage characteristics do not appear to correspond to 
the reported characters for easti, It is possible that this 
population is within an intergrade zone. 

Threats : The white-footed mouse is tolerant of some 
disturbances and should persist in dune and backdune habitats as 
long as their is little loss of habitat integrity. Habitat 
alteration may allow the invasion other subspecies and the house 
mouse, musculus. 

Sterna antillarum (Least Tern) 

Description: Sterna antillarum is the smallest tern in North 
America. It is characterized by a relatively short tail and white 
patch on the forehead. The bill is dark in juveniles; yellow in 
adults. Total length from bill tip to tail is 9" (23 cm) . The 
Least Tern is a loosely colonial nester. The nest is usually a 
depression scraped in the sand. Most colonies are found in beaches 
and overwash areas, but some are found in spoil areas with sandy 
substrate and sparse vegetation. Egg incubation 1 asts 
approximately 22 days. Fledging occurs in 20-22 days. 
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Status: G4/S2 [secure throughout its range/very rare in Virginia]. 
This species is recommended to the Virginia Department of Game and 
Inland ~isheries for listing as a threatened species. 

Distribution: The Least Tern ranges along the Atlantic and Gulf 
Coasts from Massachusetts to Texas. It is dependent on undisturbed 

- beaches for nesting. In Virginia, the least tern occurs in 
scattered colonies along the barrier islands of the Eastern Shore. 
Least Terns also breed in Tidewater, with colonies recorded from 
Grand View Beach in Hampton and the U.S.Army Corps of Engineers 
disposal area at Craney Island. Historically, least terns also 
nested at Cape Henry and Sandbridge. 

Project Findings: On 27 June 1990, personnel from Little Creek 
Amphibious Base observed nesting Least Terns on a sandy, Chesapeake 
Bay beach immediately east of Little Creek Channel. At this time, 
40-50 adult birds were observed, at least 6 nests with 1-2 eggs 
were observed and 3 newly hatched chicks were seen. A revisit of 
the site by DNH staff on 17 July failed to observe any Least Terns, 
adults, nests, or young. The cause of nesting failure is unknown, 
but a 9 inch rainfall on 10 July may have washed the nests away. 
The nesting site is a beach roughly 200 x 100 m consisting of sand, 
sparse vegetation, and some stone debris. Virtually no shell 
ovemash areas exist. The center area of the site contains a low 
mid-ridge with stone debris; the edges of the site contain more 
vegetation. 

Threats: Currently, this beach site is used by the U.S. Navy for 
beach Landing and training activities. Disturbance of the adult 
birds during the nesting season can result in egg and chick 
mortality due to overheating, chilling, or predation. Use of 
vehicles and human foot traffic in a ground-nesting bird colony has 
obvious impacts. 

DISCUSSION 

RARE PLANTS 

Three rare plant species were found during the inventory of 
Little Creek Amphibious Base. All species formerly occurred 
commonly on the coastline of Virginia Beach, but are now much less 
common due to coastline changes, primarily habitat alteration. In 
northern Virginia Beach, Little Creek is one of the few strongholds 
for these species and consequently the finest examples remaining. 

A set of interdunal swales observed at Little Creek are also 
significant. This wetland type has formed in the low spots between 
Little Creek's secondary dunes and is a notable rare-species 
habitat. These wetlands are similar to the interdunal swale found 
at Camp Pendleton during 1989 though they are not as deep and no 
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OTHER NATURAL HERITAGE ELEMENTS 

The Division of Natural Heritage also monitors rare or 
exemplary natural communities, significant geological features, 
invertebrates, important corridors, animal congregation sites, 
large forested tracts of land, and several other categories. While 
this study was only contracted for vertebrate animals and plants, 
any other significant resources were noted. A rare community 
occurrence was present in the back dune habitats -- maritime dune 
forest. This natural community was once virtually continuous from 
the North Carolina state line to the shores of the Elizabeth River. 
Now, there are only a few remnants that are intact, most notably 
those in Back Bay National Wildlife Refuge and False Cape State 
Park. Large areas of this habitat occur in Seashore State Park but 
are threatened by the intensive use of the campground. Therefore, 
this community is deserving of protection. 

The entire population of Quercus incana is found within this 
community type. Therefore, protection for this community is gained 
by iplplementing the recommendations of this report for Q. incana. 

Two other sites were notable for their potential contribution 
to the protection of Little Creek Amphibious Base's natural 
diversity. These sites are categorized as Special Interest Areas 
and described under Protection Recommendations below. 

PROTECTION RECOMMENDATIONS 

Four special interest areas are recommended to protect the 
habitats of rare species (Fig. 6 and Fig. 7). In addition to 
protecting individual species, the recommendations would provide 
protection for some of the best-remaining examples of dune scrub 
forest. This habitat was once extensive in virginia Beach and 
Norfolk behind the foredunes. In the past, most of these habitats 
were destroyed or altered such that restoration is impractical. 

The three special interest areas contain Little Creek's 
significant maritime communities including beach and open fore- 
dunes that grade back into the maritime forest communities 
dominated by Quercus virsinica. The boundaries of these areas 
include viable portions of the maritime communities including the 
potentially important interdunal swales. Intact examples of these 
communities are becoming increasingly rare in this developing area 
of Virginia and therefore are of state significance. 
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protecting these areas would protect all of Little Creek's 
known rare plant populations. Lechea maritima is found in all 
three areas. The two western areas, Eastern Dunes and Western 
Dunes contain almost the entire Quercus incana population at Little 
Creek. The easternmost area, Chub Lake Special Interest Area, has 
all of the known Tillandsia usneoides. In addition, an interdunal 
swale of potential significance for several rare invertebrates is 
on Scout Island. 

If these recommendations are enacted and land-uses within each 
of the natural areas do not change significantly, little if any 
species-specific management should be required to maintain the rare 
plants found in the special interest areas within Little Creek. 
However, there is some threat, particularly in the West Dunes 
Special Interest Area, from off-road vehicles. Some modifications 
in the extent of travel of ORVts would be desirable. This would 
be particularly significant in the vicinity of wetlands or swales. 

Chub Lake Special Interest Area 
(Ecological Reserve A r e a )  

The Chub Lake Special Interest Area encompasses two different 
terrestrial habitats around a lake. A maritime forest community 
exists immediately east of the Pistol Range and continues to the 
base boundary. This area contains Lechea maritima var. virqinica 
and represents an exemplary natural community. The area including 
Scout Island contains an interdunal swale and a healthy population 
of Tillandsia usneoides. The portion of Chub Lake that -is on 
Little Creek property is included in this natural area since 
concentrations of wintering waterfowl, including Black Ducks (Anas 
rubri~es) and Canvasbacks (Avthva valisineria) were observed. The 
following recommendations are made which will result in the 
persistence of rare species in this area. 

1. The area east of the Pistol Range currently receives little 
human use. Allowing this habitat to remain in its natural 
state would allow for natural community and rare species 
survival. 

2. The Scout Island area receives recreational (camping and 
hiking) impacts. We note no current adverse impacts but 
recommend that a monitoring program be undertaken to record 
the persistence of the 2. usneoides population. The 
population is small and taking by humans could eliminate it. 
This population is one of only a few remaining in Virginia. 

3. Use of training craft on Chub Lake should be conducted when 
resting flocks of waterfowl are absent. Waterfowl are often 
present during times of severe inclement weather. 
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East Dunes Special Interest Area 
(Ecological Reserve Area) 

The East Dunes Special Interest Area incorporates the area 
from the Rifle Range west to the public beach access and borders 
the Chesapeake bay to the north and the fence along the golf course 
on the south. This area contains an exemplary dune and maritime 
forest community as well as the interdunal swales. Two of the rare 
plants, Tillandsia usneoides and Lechea maritima occur here. The 
area has received little human impact. An area which is used for 
beach access is excluded from the natural area in order to prevent 
a conflict of uses. The following recommendation is made for 
maintaining this natural area: 

Current use of the area is compatible with the envisioned 
special interest areas plan, Any use of vehicles in areas other 
than those currently impacted will have negative impacts. 

West Dunes Special Interest Area 
(Botanical Area) 

The West Dunes Special Interest Area includes examples of 
foredunes, maritime forest, and interdunal swales. The area is 
bounded on the east by a north-south sand road just west of the 
public beach and by a developed area on the west. The north side 
is bounded by the Chesapeake Bay and the south side by 11th Street. 
 his area appears to be heavily used for training exercises as 
evidenced by fffoxholesN and vehicle tracks. Two rare species of 
plants are found here including Quercus incana in the dune maritime 
forest as well as Lechea maritima var. virsinica in the foredune 
and secondary dunes. A sizeable interdunal swale is located 
between the foredunes and secondary dunes. The following 
recommendations are made for protecting the rare plants and natural 
community at this site. 

1. Use of vehicles needs to be restricted between the dunes, 
primarily those containing the maritime forest. The erosion 
caused by such activity eliminates the suitability of the 
habitat for rare plants as well as destroys the natural dune 
landscape. 

2 .  The interdunal swale has been impacted by vehicles driven 
through it. Consideration and avoidance of this unique 
wetland should not create an impediment or inconvenience to 
present uses of this area and is critical to the restoration 
and protection of this community. 
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Definition of Abbreviations used on Element Lists 
of the 

Virginia Natural Heritage Program 
Department of Conservation and Recreation 

The follouing ranks are used by the Virginia Natural Heritage Program to set protection priorities. The primary 
criterion for ranking species is the nunber of occurrences, i.e. the nunber of known distinct Localities. Also of great 
importance is the rider of individuals in existence at each locality or, if a highly mobile organism (e-g., sea turtles, 
many birds, and butterflies), the total number of individuals. Other considerations may include the condition of the 
occurrences, the nllrrber of protected occurrences, and threats. However, the errphasis remains on the nunber of occurrences 
such that ranks will be an index of knoun biological rarity. 

S1 Extremely rare; usually 5 or fewer occurrences in the state; or may be a few remaining individuals; often 
especially vulnerable to extirpation. 

SZ Very rare; usually between 5 and 20 occurrences; or with many individuals in fewer occurrences; often 
susceptible to becoming endangered. 

53 Rare to uncomnon; usually between 20 and 100 occurrences; may have fewer occurrences, but with a Large n b r  
of individuals in some populations; may be susceptible to large- scale disturbances. 

54 c o m n ;  usually >I00 occurrences, but may be fewer with many Large populations; may be restricted to only a 
portion of the state; usually not susceptible to imnediate threats. 

SS Very c m n ;  demonstrably secure under present conditions. 

S A Accidental in the state. 

SH Historically known from the state, but not verified for an extended period, usually >I5 years; this rank is used 
primarily when inventory has been attempted recently. 

SN Regulartyoccurring migrants; transients; seasonal, nonbreeding residents. Usuallyno specific site can be identified 
with its range in the state. (Note that congregation and staging areas are monitored separately). 

SU Status uncertain, often because of low search effort or cryptic nature of the element. 

SX Apparently extirpated from the state. 

Global ranks are similar, but refer to a species' rarity throughout its total range. Global ranks are denoted with a laG1l 
folloued by a character. Note that GA and GN are not used and GX means apparently extinct. A Wa in a rank indicates that 
a taxonomic question concerning that species exists. Ranks for subspecies are denoted with a taTa'. The global and state 

-ranks combined (e.g. G2/S1) give an instant grasp of a species' knoun rarity. 

These ranks should not be interpreted as Legal designations. 

Federal Status 

The Virginia Naturai Heritage Program uses the standard abbreviations for Federal endangerment developed by the U.S. Fish 
and UiCdlife Service, Division of Endangered Species and Habitat Conservation. 

LE - Listed Endangered 
LT - Listed Threatened 
PE - Proposed Endangered 
PT - Proposed Threatened 
C1 - Candidate, category 1 
C2 - Candidate, category 2 

3A - Former candidate - p r e s d  extinct 
38 - Former candidate - not a valid species under 

current taxonomic understanding 
3C - Former candidate - comnon or well protected 
HF - no federal Legal status 

State Status 

The Virginia Natural Heritage Program uses similar abbreviations for State endangerment. 

LE - Listed Endangered .- 
LT - Listed Threatened 
C - Candidate 

PE - Proposed Endangered 
PT - Proposed Threatened 
NS - no state Legal status 

The following status recomnendations reflect the findings of the 1989 Virginia Endangered Species Symposium. 
THESE ARE NOT LEGAL DESIGNATIONS, NOR HAVE THE SPECIES YET BEEN FORMALLY PROPOSED. 

RE - Recomnended Endangered 
RT - Recomnended Threatened 

RSC - Recmnded Special Concern 

For infbrmation on the laws pertaining to threatened 01- endangered species, contact: 

U.S. Fish and Wildlife Service for all FEDERALLY listed species 
Department of Agriculture and Consmr Services Plant Protection Bureau for STATE listed plants and insects 
Department of Game and Inland Fisheries for all other STATE listed animals 

- 
1 1/90 
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* GROUP: INVERTEBRATES 

CELASTRINA EBENINA SOOTY AZURE G4 S 3 S 4  

ENALLAGMA P A L L I D U M  A DAMSELFLY G4  S 1  

EUPHYES DUKES1 SCARCE SWAMP S K I P P E R  G3G4 S 2  

GWPHAESCHNA FURCILLATA HARLEQUIN DARNER GS $2 
STYGOBROMUS ARAEUS TIDEWATER I N T E R S T I T I A L  G? S 2  C 2  

AMPH I POO 

RSC 

RSC 

RSC 



P a g e  No. 2 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAPONS STATION,  

YORKTOUN, V I C I N I T Y  

COMMON NAME 

* GROUP: MAMMALS 

SOREX LONGIROSTRIS  F I S H E R 1  D I S M A L  SWAMP SOUTHEASTERN 

SHREW 

SYNAPTOHYS COOPER1 HELALETES D I S M A L  SWAMP BOG LEMMING 

* GROUP: OTHER 

CHAMPION TREE 

* GROUP: PLANTS 

A G A L I N I S  V IRGATA 

ASTER E L L I O T T 1 1  

BOLTONIA ASTEROIDES 

BOLTONIA C A R O L I N I A N A  

CHAMAECYPARIS THYOIDES 

CLADIUM JAMAICENSE 

ERIOCAULON DECANGULARE 

GENTIANA AUTUMNALIS  

PANICUM HEMITOMON 

PSILOCARYA S C I R P O I D E S  

S A G I T T A R I A  ENGELMANNIANA 

SCIRPUS ACUTUS 

SPIRANTHES W O R A T A  

STEWARTIA MALACOOENORON 

T I L L A N D S I A  USNEOIDES 

T R I L L I U M  W S I L L U H  

P INE-BARREN GERARDIA 

E L L I O T T ' S  ASTER 

A S T E R - L I K E  BOLTONIA  

CAROLINA BOLTONIA  

A T L A N T I C  WHITE CEDAR 

SAWGRASS 

TEN-ANGLE PIPEWORT 

P I N E  BARREN GENTIAN 

MAIDENCANE 

LONG-BEAKED BALDRUSH 

ENGELMANN ARROWHEAD 

HARD-STEMMED BULRUSH 

SWEETSCENT LADIES1-TRESSES 

S I L K Y  C A M E L L I A  

SPANISH MOSS 

LEAST T R I L L I U M  

* GROUP: R E P T I L E S  

CROTALUS HORRIDUS ATRICAUOATUS CAMEBRAKE RATTLESNAKE 

** COUNTY: G t o u c e s t e r  

* GROUP: B I R D S  

HALIAEETUS LEUCOCEPHALUS B A L D  EAGLE 

* GROUP: COMMUNIT IES 

BRACKISH MARSH BRACKISH MARSH 

* GROUP: PLANTS 

CHAMAECYPARIS THYOIDES A T L A N T I C  WHITE CEDAR 

CHELONE O B L l Q U A  RED TURTLEHEAD 

ELEOCHARIS TR lCOSTATA THREE-ANGLE SPIKERUSH 

M A L A X I S  S P I C A T A  F L O R I D A  ADDER'S-MOUTH 

GLOBAL STATE FEDERAL STATE 

RANK RANK 

G5TZQ S 2  

G 5 T 3  S 3  

G3Gb S1 

G3GL S 1  

G5 S 2  

G2Q s2 
G 4  S 2  

G5 S 1  

G5 S 1  

G3 S f  

GS? S 1  

G4  S 1  

G 5 ?  S 1  

G5 S 2  

G5 S 2  

G4 S 2  

G5 $2 

G3 S 2  

G5TUQ S 1  

STATUS STATUS 

RSC 

RSC 

RSC 

RSC 

RSC 

3 C  

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RE 

RSC 

R SC 

RSC 

RSC 



Page No. 3 

04/25/91 

SCIENTIFIC 
NAME 

VA DEPARTMENT OF CONSERVATION & RECREATION 
DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAPONS STATION, 
YORKTOUN, VICINITY 

COMMON NAME 
GLOBAL STATE FEDERAL STATE - 
RANK RANK STATUS STATUS 

" COUNTY: Hamton 

* GRWP: AMPHIBIANS 
AMBYSTOMA MABEEI MABEE'S SALAMANDER G4 S2? RSC 

* GROUP: BIRDS 

CASMERODIUS ALBUS GREAT EGRET 
CHARADRIUS MELOOUS PIPING PLOVER 

RYNCHOPS NIGER BLACK SKIMMER 
STERNA ANTILLARUM LEAST TERN 

STERNA HIRUNDO COMMON TERN 

G5 S2 RSC 

G3 S2 LT L T 

GS S3 

G4 S2 R T 
G5 S3 

* GROUP: INVERTEBRATES 

CICINDELA DORSACIS DORSACIS NORTHEASTERN BEACH TIGER G4T2 S2 C1 RE 

BEETLE 

* GROUP: OTHER 
CHAMPION TREE 

* GROUP: PLANTS 
CAREX PEDUNCULATA 

DROSERA BREVIFOLIA 

IVA IMBRICATA 

** CWNTY: Isle of  Wight 

* GROUP: AMPHIBIANS 
AMBYSTOMA HABEEI 

HYLA GRATIOSA 

SIREN INTERMEDIA 

* GROUP: BIRDS 
HALIAEETUS LEUCOCEPHALUS 

* GROUP: COMMUNITIES 
COASTAL PLAIN SINKHOLE POND 

MESOTROPHIC SEMIPERMANENTLY 

FLOOOED PALUSTRINE FOREST 

* GROUP: FISH 
ACANTHARCHUS POMOTIS 

ERIMYZON SUCETTA 
FUNDULUS LINEOLATUS 

LONGSTALK SEDGE G5 S2 

DWARF SUNDEW G5 S2 RSC 
SEA-COAST MARSH-ELDER GS? SlS2 RSC 

MABEE'S SALAMANDER 

BARKING TREEFROG 

LESSER SIREN 

BALD EAGLE 

COASTAL PLAIN SINKHOLE POND 

MESOTROPHIC SEMIPERMANENTLY 

FLOODED PALUSTRINE FOREST 

MUD SUNFISH 

LAKE CHUBSUCKER 

L INED TOPMINNOW 

G4 S2? RSC 

G5 S1 RSC 

GS SU 



Page No.  4 

04/25 /91  

S C I E N T I F I C  

NAME 

* GROUP: INVERTEBRATES 

ARGIA  T I B I A L I S  

A T L I D E S  HALESUS 

ISCHNURA RAMBURI I 

LESTES D I S J U N C T U S  A U S T R A L I S  

MACROMIA GEORGINA 

STYGOBROMUS INDENTATUS 

* G R W P :  MAMMALS 

PEROMYSCUS GOSSYPINUS 

* G R W P :  PLANTS 

A S I M I N A  PARVIFLORA 

B U L B O S T Y L I S  C I L I A T I F O L I A  

CAREX C O L L I N S 1 1  

CAREX DECOMPOSITA 

CROTALARIA  R O T U N D I F O L I A  

ELEOCHARIS  MELANOCARPA 

ERIANTHUS B R E V I B A R B I S  

EUPHORBIA AMMANNIOIDES 

JUNCUS A B O R T I W S  

JUNCUS C R A S S I F O L I U S  

J U S T I C I A  OVATA 

K A L M I A  A N G U S T I F O L I A  

L U D U I G I A  B R E V I P E S  

MICRANTHEMUM UMBROSUM 

PANICUM HEMITOMON 

P I N U S  P A L U S T R I S  

POLYGONELLA POLYGAMA 

PYXIDANTHERA BARBULATA 

OUERCUS L A E V I S  

QUERCUS MARGARETTAE 

RHYNCHOSPORA F A S C I C U L A R I S  

S A B A T I A  CALYCINA 

S A B A T I A  D I F F O R M I S  

SARRACENIA PURPUREA 

SEYMERIA C A S S I O I D E S  

S T I P U L I C I D A  SETACEA 

U T R I C U L A R I A  PURPUREA 

VA DEPARTMENT OF CONSERVATION 8 RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROH NAVAL WEAPONS STATION,  

YORKTOUN, V I C I N I T Y  

COMMON NAME 

EASTERN DANCER 

GREAT PURPLE HAIRSTREAK 

A DAMSELFLY 

A DAMSELFLY 

GEORGIA R I V E R  CRUISER 

TIDEUATER AMPHIPOO 

COTTON MOUSE 

DUARF PAW-PAU 

C A P I L L A R Y  HAIRSEDGE 

C O L L I N S '  SEDGE 

E P I P H Y T I C  SEDGE 

PROSTRATE RATTLE-BOX 

BLACK-FRUITED SPIKERUSH 

SHORT-BEARD PLUMEGRASS 

A SPURGE 

PINEBARREN RUSH 

A RUSH 

OVATE WATER-UILLOU 

SHEEP-LAUREL 

LONG BEACH SEEOBOX 

SHADE MUDFLOUER 

MAIDENCANE 

LONG-LEAF P I N E  

OCTOBER-FLOUER 

FLOWERING P I X I E - M O S S  

TURKEY OAK 

SAND POST OAK 

FASCICULATE BEAKRUSH 

COAST ROSE-GENTIAN 

TWO-FORMED P I N K  

NORTHERN P ITCHER-PLANT 

SEYMERIA 

P I N E L A N D  S C A L Y - P I N K  

PURPLE BLADDERUORT 

GLOGAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

RSC 

RSC 

RSC 

3c 

RE 

RSC 

RSC 

RE 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

R E  

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

* GROUP: REPTILES 

T A N T I L L A  CORONATA SOUTHEASTERN CROWNED SNAKE 



P a g e  No.  5 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

** COUNTY: J a m e s  C i t y  

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROH NAVAL WEAPONS STATION,  

YORKTOVN, V I C I N I T Y  

COMMON NAME 

* GROUP: AMPHIB IANS 

RANA V l R G A T I P E S  CARPENTER FROG 

* GROUP: B I R D S  

HALIAEETUS LEUCOCEPHALUS BALD EAGLE 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

G5 S 3  RSC 

G3 SZS3  L E  L E 

* GROUP: COMMUNITIES 

M I D - H E I G H T  HERBACEOUS M I D - H E I G H T  HERBACEOUS 

PALUSTRINE UETLAND P A L U S T R I N E  WETLAND 

SWTHERN MIXED HARDWOOD FOREST SOUTHERN M I X E D  HARDWOOD FOREST S 3  

GROUP: INVERTEBRATES 

ARIGOMPHUS V I L L O S I P E S  A POND C L U B T A I L  G5 S 2  

GWPHAESCHNA F U R C I L L A T A  HARLEQUIN DARNER G5 SZ  

ISCHNURA PROGNATHA A DAMSELFLY G4 S 1  

L I G U M I A  NASUTA EASTERN PONDMUSSEL G4 S 3  

TACHOPTERYX THOREYI THOREY'S GRAYBACK DAMSELFLY G4 S 1  

* GROUP: OTHER 

CHAMPION TREE 

* GROUP: PLANTS 

AESCHYNOMENE V I R G I N I C A  

BOLTON I A  ASTEROIDES 

CAREX L A C V S T R I S  

CASSIA  FASCICULATA VAR 

MACROSPERMA 

CICUTA BULBIFERA 

ELEOCHARIS VERRUCOSA 

ERIOCAUCON DECANGULARE 

HELENIUM B R E V I F O L I U M  

I S O T R I A  MEDEOLOIDES 

JUNCUS C A E S A R I E N S I S  

L I S T E R A  A U S T R A L I S  

M A L A X I S  S P I C A T A  

NUPHAR S A G I T T I F O L I U M  

PANICUM H I A N S  

SPIRANTHES OOORATA 

STEWARTIA OVATA 

T R I L L I U M  P U S I L W M  

VERBENA SCABRA 

X Y R l S  CAROLIN IANA 

S E N S I T I V E  JOINT-VETCH 

A S T E R - L I K E  B O L T O N I A  

LAKE-BANK SEDGE 

P R A I R I E  SENNA 

B U L B - B E A R I N G  WATER-HEMLOCK 

SLENDER SPIKERUSH 

TEN-ANGLE PIPEWORT 

SHORTLEAF SNEEZEWEED 

SMALL WHORLED POGONIA 

NEW JERSEY RUSH . 

S W T H E R N  TWAYBLADE 

F L O R I D A  ADDER'S-MOUTH 

YELLOW C M I L I L Y  

G A P I N G  P A N I C  GRASS 

SUEETSCENT LADIES1-TRESSES 

MCUNTAIN C A M E L L I A  

L E A S T  T R I L L I U M  

SANDPAPER V E R V A I N  

C A R O L I N A  YELLOW-EYED GRASS 

RSC 

RSC 

RSC 

RSC 

L E  

RE 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 



Page No. 6 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE R E S W R C E S  NAVAL WEAPONS S T A T I O N ,  

YORKTOUN, V I C I N I T Y  

COMMON NAME 

** COUNTY: K i n g  U i l l i a m  K i n g  and Q u e e n  

* GROUP: PLANTS 

ERIOCAULON PARKER1 PARKER'S PIPEWORT 

** COUNTY: K i n g  and Q u e e n  

* GROUP: B I R D S  

H A L I A E E T U S  LEUCOCEPHALUS BALD EAGLE 

* GROUP: COMMUNIT IES 

M I D - H E I G H T  HERBACEOUS M I D - H E I G H T  HERBACEOUS 

P A L U S T R I N E  WETLAND PALUSTRINE WETLAND 

* GROUP: PLANTS 

AESCHYNOMENE V I R G I N I C A  S E N S I T I V E  JOINT-VETCH 

BACOPA INNOMINATA TROPICAL WATER-HYSSOP 

CAREX C O L L I N S 1 1  C O L L I N S '  SEDGE 

C A S S I A  FASCICULATA VAR P R A I R I E  SENNA 

MACROSPERMA 

ERIOCAULON PARKER1 PARKER'S P IPEVORT 

** COUNTY: M i d d l e s e x  G l o u c e s t e r  

* GROUP: PLANTS 

ERIOCAULON PARKER1 PARKER'S PIPEWORT 

** COUNTY: M i d d l e s e x  K i n g  and Q u e e n  

* GROUP: COMMUNIT IES 

BALD CYPRESS-TUPELO SWAMP BALD CYPRESS-TUPELO SUAMP 

** COUNTY: N e w  K e n t  

* GROUP: B I R D S  

H A L I A E E T U S  LEUCOCEPHALUS BALD EAGLE 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

G 3  S 2 S 3  3 C  RSC 

G 2  S 2  C 2  C 

G5 S t  

G4 S 3  RSC 

GST1Q S2  C 2  

G3  S 2 S 3  3 C  RSC 

G3 S 2 S 3  3 C  RSC 

GROUP: COMMUNIT IES 

EUTROPHIC SEMIPERMANENTLY EUTROPHIC SEMIPERMANENTLY 

F L O E D  P A L U S T R I N E  FOREST FLOODED PALUSTRINE FOREST 

OL IGOTROPHIC SATURATED OLIGOTROPHIC SATURATED 

P A L U S T R I N E  FOREST P A L U S T R I N E  FLOOOED FOREST 

SUBMESOTROPHIC FOREST SUBMESOTROPHIC FOREST 



Page No. 7 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

* GROUP: INVERTEBRATES 

PROBLEMA BULENTA 

* GROUP: PLANTS 

AESCHYNOMENE V I R G I N I C A  

BACOPA INNOHINATA 

CAREX COLL I N S 1  I 

CASSIA  FASCICULATA VAR 

MACROSPERMA 

ELEOCHARIS ROSTELLATA 

ERIOCAULON PARKER1 

L I P A R I S  L O E S E L I I  

L Y S I M A C H I A  RADICANS 

NUPHAR S A G I T T I F O L I U M  

OPHIOGLOSSUM VULGATUM VAR 

PSEUDOPOD 

SCIRPUS ACUTUS 

X Y R I S  CAROLIN IANA 

* GROUP: R E P T I L E S  

REGINA R I G I D A  

** COUNTY: N e w p o r t  N e u s  

* GROUP: B I R D S  

HALIAEETUS LEUCOCEPHALUS 

* GROUP: INVERTEBRATES 

C E L I T H E M I S  F A S C I A T A  

* GROUP: PLANTS 

CHELONE C U T H B E R T I I  

ELEOCHARIS ROSTELLATA 

** COUNTY: N o r f o \ k  

* GROUP: B I R D S  

RYNCHOPS N IGER 

STERNA ANTILLARUM 

STERNA HIRUNDO 

GROUP: INVERTEBRATES 

ENALLAGMA DURUM 

ERYTHRODIPLAX MINUSCULA 

GOMPHAESCHNA A N T I L O P E  

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  O F  NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAWNS S T A T I O N ,  

YORKTWN,  V l C I N I T Y  

COMMON NAME 

- GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

RARE S K I P P E R  G2G3 S 1  C 2  

S E N S I T I V E  J O I N T - V E T C H  G 2  5 2  C Z  

T R O P I C A L  WATER-HYSSOP G5 S 2  

C O L L I N S '  SEDGE G4 S 3  

P R A I R I E  SENNA GST1P S 2  C 2  

BEAKED SPIKERUSH G5 S 1  

PARKER'S P IPEUORT G3 SZS3  3 C  

L O E S E L ' S  TUAYBLADE G5 S 2  

T R A I L I N G  LOOSESTRIFE G4G5 S 1  

YELLOW COWLILY G3P S 1  

ADDER'S-TONGUE G5TS S 1  

HARD-STEMMED BULRUSH G5 S 2  

CAROLINA YELLOW-EYED GRASS G4G5 S1  

GLOSSY C R A Y F I S H  SNAKE G5 SH 

B A L D  EAGLE 

BANDED PENNANT 

CUTHBERT TURTLEHEAD 

BEAKED SPIKERUSH 

BLACK SKIMMER 

L E A S T  TERN 

COMMON TERN 

A DAMSELFLY 

B L U E  DRAGONLET 

T A P E R - T A I L E D  DARNER 

C 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 



P a g e  No.  8 

0 4 / 2 5 / 9 1  

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROH NAVAL WEAPONS STATION,  

YORKTWN, V I C I N I T Y  

S C I E N T I F I C  

NAME 

ISCHNURA R A M B U R I I  

LESTES DISJUNCTUS A U S T R A L I S  

L I B E L L U L A  A X I L E N A  

TRAMEA ONUSTA 

* GROUP: MAMMALS 

PEROHYSCUS GOSSYPINUS 

SYNAPTOMYS COOPER1 HELALETES 

' GROUP: PLANTS 

I V A  I M B R I C A T A  

K A L M I A  ANGUSTI F O L I A  

LACHNANTHES CAROLIANA 

L IMNOBIUM SPONGIA 

PANICUM S T R l  GOSUM 

STEUARTIA  MALACOOENDRON 

" GROUP: R E P T I L E S  

OPHISAURUS V E N T R A L I S  

** COUNTY: N o r t h a m p t o n  

* GROUP: B I R D S  

FALCO PEREGRINUS 

HALIAEETUS LEUCOCEPHALUS 

* GROUP: COMMUNI 

DUNE GRASSLAND 

DUNE SCRUB 

INTERDUNE POND 

MAR I T  I M E  FOREST 

SALT F L A T  

T I E S  

* GROUP: INVERTEBRATES 

C I C I N D E L A  D O R S A L I S  D O R S A L I S  

* GROUP: MAMMALS 

SYLVILAGUS FLORIDANUS 

H I  TCHENSI 

COMMON NAME 

A DAMSELFLY 

A DAMSELFLY 

BAR-WINGED SKIMMER 

RED-MANTLED G L I D E R  

COTTON MOUSE 

D I S M A L  SWAMP BOG LEMMING 

SEA-COAST MARSH-ELDER 

SHEEP-LAUREL 

CAROLINA REDROOT 

AMERICAN F R O G ' S - B I T  

RCUGH-HAIR WITCHGRASS 

S I L K Y  C A M E L L I A  

EASTERN GLASS L I Z A R D  

PEREGRINE FALCON 

B A L D  EAGLE 

DUNE GRASSLAND 

INTERDUNE POND 

M A R I T I M E  FOREST 

S A L T  F L A T  

NORTHEASTERN BEACH T IGER 

B E E T L E  

S M I T H S  I S L A N D  COTTONTAIL  

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

6 5 7  S 1 S 2  RSC 

G5 S 2 S 3  RSC 

G4 S 1  

G5 S 2  RSC 

G5 SU 

G4  S Z  RSC 

GSTHO SH C 2  

* GROUP: OTHER 

B I R D  NESTING COLONY 



P a g e  No.  9 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

* GROUP: PLANTS 

AMARANTHUS PUMILUS 

A R I S T l D A  TUBERCULOSA 

CYPERUS ENGELMANNI I  

EUPHORBIA AMMANNIOIDES 

F I M B R I S T Y L I S  CAROLIN IANA 

GALIUM H I S P I D U L U M  

L I S T E R A  A U S T R A L I S  

P H Y S A L l S  V ISCOSA 

POLYGONUM GLAUCUM 

SOLIDAGO E L L I O T T 1 1  

SOLIDAGO T O R T I F O L I A  

THELYPTERIS  S lMULATA 

T I L L A N D S I A  USNEOIDES 

"* COUNTY: P o q u o s o n  

* GROUP: PLANTS 

CUSCUTA INDECORA 

** COUNTY: P o r t s m o u t h  

* GROUP: B I R D S  

CASMEROOIUS ALBUS 

CHARADRIUS HELDDUS 

STERNA ANTILLARUM 

STERNA H I  RUNDO 

* GROUP: PLANTS 

BACOPA C A R O L I N I A N A  

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROH NAVAL WEAPONS STATION,  

YORKTWN.  V I C I N I T Y  

COMMON NAME 

SEABEACH P IGUEED 

SEABEACH NEEDLEGRASS 

ENGELMANN'S UMBRELLA-SEDGE 

A SPURGE 

C A R O L I N A  FIMBRY 

COAST BEDSTRAW 

SOUTHERN TUAYBLADE 

S T I C K Y  GROUND-CHERRY 

SEA-BEACH KNOTUEED 

E L L I O T T  GOLDENROO 

A GOLDENROO 

BOG FERN 

S P A N I S H  MOSS 

PRETTY DOODER 

GREAT EGRET 

P I P I N G  PLOVER 

L E A S T  TERN 

COMMON TERN 

C A R O L I N A  WATER-HYSSOP 

** COUNTY: S o u t h a m p t o n  I s l e  o f  W i g h t  

* GROUP: INVERTEBRATES 

LEPTODEA OCHRACEA TIDEWATER MUCKET 

L I G U M I A  NASUTA EASTERN PONDMUSSEL 

** COUNTY: S u f f o l k  

* GROUP: A M P H I B I A N S  

AMBYSTOMA MABEEI  

BUFO PUERCICUS 

LIMNAOEDUS OCULARIS  

S I R E N  INTERMEDIA  

STEREOCHILUS MARGINATUS 

GLOBAL STATE FEDERAL STATE 

RANK RANK 

G 2  SH 

G5 S 2  

~ 4 a  SI 

G3G4 S 2  

G4 s1 

GS S 1 S 2  

G4 S 2 S 3  

GLGS S 2  

G3 s2 
GS S 1  

G3GS S 1  

GS S1  

G5 S 2  

MABEE 'S  SALAMANDER G4 S2? 

OAK TOAD G5 SU 

L I T T L E  GRASS FROG G s  S 3  

LESSER S I R E N  GS SU 

M A N Y - L I N E D  SALAMANDER G5 S 3  

STATUS STATUS 

c 2  

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

L T L T  

R T 

RSC 

RSC 

RSC 



Page No. 10 

04/25/91 

VA DEPARTMENT OF CONSERVATION 8 RECREATION 

DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAPONS STATION, 

YORKTOUN, VICINITY 

SCIENTIFIC 

NAME 

* GROUP: BIRDS 

HALIAEETUS LEUCOCEPHALUS 

LIMNOTHLYPIS SWAINSONII 

* GROUP: FISH 

ERIMYZON SUCETTA 

FUNDULUS LINEOLATUS 

* GROUP: INVERTEBRATES 

ARGIA TIBIALIS 

CHLOROCHROA OISMALIA 

ENALLAGMA DUBIUM 

EPITHECA SPINOSA 

GOMPHAESCHNA ANTILOPE 

LESTES DISJUNCTUS AUSTRALIS 

LESTES VIGILAX 

LIBELLULA AXILENA 

MACROMIA GEORGINA 

NEHALENNIA INTEGRICOLLIS 

NEONYMPHA AREOLATUS AREOLATUS 

SOMATOCHLORA FILOSA 

STYGOBROMUS INDENTATUS 

SYMPETRUM AMBIGWM 

TAENIOGASTER OBLIPUA FASCIATA 

TRAMEA ONUSTA 

ZANCLOGNATHA GYPSALIS 

COMMON NAME 

BALD EAGLE 

SUAINSON'S WARBLER 

LAKE CHUBSUCKER 

LINED TOPMINNOU 

EASTERN DANCER 

DISMAL SWAMP GREEN STINK 

A DAMSELFLY 

A BASKETTAIL 

TAPER-TAILED DARNER 

A DAMSELFLY 

SWAMP SPREADWING 

BAR-WINGED SKIMMER 

GEORGIA RIVER CRUISER 

A DAMSELFLY 

GEORGIA SATYR 

FINELINED EMERALD 

TIDEWATER AMPHIPOO 

BLUE-FACED MEADOUFLY 

A DRAGONFLY 

RED-MANTLED GLIDER 

A NOCTUID MOTH 

* GROUP: OTHER 

CHAMPION TREE 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

* GROUP: MAMMALS 

PEROMYSCUS GOSSYPINUS COTTON MOUSE 

PLECOTUS RAFINESQUII EASTERN BIG-EARED BAT 

SOREX LONGIROSTRIS FISHER1 DISMAL SWAMP SOUTHEASTERN 

SHREW 

SYNAPTOMYS CWPERI HELALETES DISMAL SWAMP BOG LEMMING 

* GROUP: PLANTS 

AGALINIS TENELLA 

AGALINIS VIRGATA 

ALETRIS AUREA 

ASIMINA PARVIFLORA 

BULBOSTYLIS CILIATIFOLIA 

CALOPOGON PALLIDUS 

GS S2 

BUG GI S1 C2 

G5 S2 

G3G4 Sl RT 

G5 S2 

G5T5 S2 

G5 S2 

G5 S1 

G3G5 S1 

G3 S1 

G5T4 S2S4 

GS S1 

G? S1 C2 

G5 S1 

G2? S1 

G5 S1 

GU SU 

RSC 

PENNELL FALSE-FOXGLOVE G3G5Q S1 

PINE-BARREN GERARDIA G3G4 S1 

GOLDEN COLICROOT G5 S1 

DWARF PAW-PAW G5 S 2  

CAPILLARY HAIRSEDGE G5 SlS2 

PALE GRASS-PINK G4GS S1 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 



Page No. 11 

04/25 /91  

SCIENTIFIC 

NAME 

CAREX UALTERIANA 

CARPHEPHORUS TOMENTOSUS 

CHAMAECYPARIS THYOIDES 

CHELONE CUTHBERTII 

CHELONE OBLIQUA 

CLEISTES DIVARICATA 

CROTALARIA ROTUNDIFOLIA 

DROSERA BREVIFOLIA 

ERIOCAULON PARKER1 

GENTlANA AUTUMNALIS 

HABENARIA BLEPHARIGLOTTIS 

ILEX CORIACEA 

JUNCUS ABORTIWS 

LILIUM CATESBAEI 

LISTERA AUSTRALIS 

LUDUIGIA VIRGATA 

LYCOPOC) IUM INUNDATUM 

PANlCUM STRIGOSUM 

PASPALUM PRAECOX 

PINUS PALUSTRIS 

PSILOCARYA SCIRPOIDES 

PYXIDANTHERA BARBULATA 

QUERCUS LAEVIS 

RHEXIA PETIOLATA 

RHYNCHOSPORA DEBILIS 

SARRACENIA FLAVA 

SCLERIA MINOR 

SEYMERIA CASSIOIDES 

SISYRINCHIUM ALBIDUM 

SPHENOPHOLIS FILIFORMIS 

STYRAX AMERICANA 

TRILLIUM PUSILLUM 

VACCINIUM CRASSIFOLIUM 

VIOLA ESCULENTA 

XYRIS CAROLINIANA 

XYRIS FIMBRIATA 

ZENOBIA PULVERULENTA 

** COUNTY: Surry 

* GROUP: AMPHIBIANS 
%UFO QUERCICUS 

HYLA GRATlOSA 

LIMNAOEDUS OCULARIS 

VA DEPARTMENT OF CONSERVATION & RECREATION 
DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES F R W  NAVAL WEAPONS STATION, 
YORKTOUN, VICINITY 

COMMON NAME 

A SEDGE 

UOLLY CHAFFHEAD 

ATLANTIC UHITE CEDAR 

CUTHBERT TURTLEHEAD 

RED TURTLEHEAD 

SPREADING POGONIA 

PROSTRATE RATTLE-BOX 

DUARF SUNDEU 

PARKER'S PIPEUORT 

PINE BARREN GENTIAN 

WHITE-FRINGE ORCHIS 

BAY-GAIL HOLLY 

PINEBARREN RUSH- 

SOUTHERN RED LILY 

SOUTHERN TUAYBLADE 

SAVANNA SEEDBOX 

NORTHERN BOG CLUBMOSS 

ROUGH-HAIR UITCHGRASS 

EARLY PASPALUM 

LONG-LEAF PINE 

LONG-BEAKED BALDRUSH 

FLOUERING PIXIE-MOSS 

TURKEY OAK 

CILIATE MEADOW-BEAUTY 

SAVANNAH BEAKRUSH 

YELLOU PITCHER-PLANT 

SLENDER NUTRUSH 

SEYMERIA 

UHITE BLUE-EYE-GRASS 

LONG-LEAF UEDGESCALE 

AMERICAN SNOWBELL 

LEAST TRILLIUM 

CREEPING BLUEBERRY 

SALID VIOLET 

CAROLINA YELLOU-EYED GRASS 

FRINGED YELLOW-EYED GRASS 

DUSTY ZENOBIA 

OAK TOAD 

BARKING TREEFROG 

LITTLE GRASS FROG 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RE 

RSC 

RE 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RE 

RSC 

R SC 

RE 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 



P a g e  No.  12 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME COMMON NAME 

GROUP: B I R D S  

H A L I A E E T U S  LEUCOCEPHALUS 

* GROUP: F I S H  

ENNEACANTHUS CHAETOOON 

ERIMYZON SUCETTA 

FUNDULUS L INEOLATUS 

* GROUP: PLANTS 

CAREX DECOMPDSITA 

CAREX STRAMINEA 

DESMOOIUM OCHROLEUCUM 

TRIPHORA TRIANTHOPHORA 

** COUNTY: V i r g i n i a  B e a c h  

GROUP: A M P H I B I A N S  

RANA V I R G A T I P E S  

_ S I R E N  LACERTINA 

* GROUP: B I R D S  

IXOBRYCHUS E X I L I S  

STERNA ANTILLARUM 

* GROUP: COMMUNITIES 

A T L A N T I C  WHITE CEDAR SWAMP 

BRACKISH MARSH 

DUNE GRASSLAND 

DUNE SCRUB 

INTERDUNAL SWALE 

M A R I T I M E  FOREST 

M A R I T I M E  SHRUB SWAMP 

POCOS I N 

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROn NAVAL WEAPONS STATION,  

YORKTOUN, V I C I N I T Y  

BALD EAGLE 

BLACKBANDED S U N F I S H  

LAKE CHUBSUCKER 

L I N E D  TOPMINNOU 

E P I P H Y T I C  SEDGE 

STRAW SEDGE 

CREAMFLOUER T I C K - T R E F O I L  

NODDING POGONIA 

CARPENTER FROG 

GREATER S I R E N  

LEAST B I T T E R N  

LEAST TERN 

A T L A N T I C  WHITE CEDAR SWAMP 

BRACKISH MARSH 

DUNE GRASSLAND 

M A R I T I M E  FOREST 

POCOS I N 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

G5 S 1  LERT 

GS S 2  

GS S 1  

G3G4 S 1  3 C  

G5 S 2  RSC 

G 5 7  S 1  RSC 

G4  S 1  RSC 

SOUTHERN M I X E D  HARDVOOD FOREST SOUTHERN M I X E D  HARDUOOO FOREST S 3  

* GROUP: F I S H  

MORONE S A X A T I L I S  STRIPED BASS G5 S 4  

RSC 

* GROUP: INVERTEBRATES 

ENALLAGMA DURUH A DAMSELFLY G5 S 2  

EUPHYES DUKES1 SCARCE SWAMP S K I P P E R  G3G4 S Z  

LESTES DISJUNCTUS A U S T R A L I S  A DAMSELFLY ~ 5 ' 1 5  sz 
L I B E L L U L A  A X I L E N A  BAR-WINGED SKIMMER G5 S f  

SATYRIUM K I N G 1  K I N G ' S  HAIRSTREAK G3G4 S 2 S 3  

TRAMEA ONUSTA RED-MANTLED G L I D E R  G5 S 1  



Page No. 13 
04/25/91 

SCIENTIFIC 

NAME 

VA DEPARTMENT OF CONSERVATION & RECREATION 
DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAPONS STATION, 
YORKTWN, VICINITY 

COMMON NAME 

* GROUP: MAMMALS 
SYNAPTOMYS COOPER1 HELALETES DISMAL SWAMP BOG LEMMING 

* GROUP: PLANTS 

ARENARIA LANUGINOSA 

ASTER ELLIOTT11 

ASTER RACEMOSUS 

BOLTONIA CAROLINIANA 

BULBOSTYLIS CILIATIFOLIA 

CALOPOGON PALLIDUS 

CAREX DECOMPOSITA 

CAREX RENIFORMIS 

CAREX WALTERIANA 

CASSIA FASCICULATA VAR 

MACROSPERMA 

CHAMAECYPARIS THYOIDES 

CLADIUM JAMAICENSE 

CLEISTES OIVARICATA 

CRATAEGUS AESTIVALIS 

CUSCUTA CEPHALANTHII 

CUSCUTA INDECORA 

CUSCUTA POLYGONORUM 

DESMODIUH STRICTUM 

DICHROMENA COLORATA 

ELEOCHARIS BALDUINII 

ER I GERON VERNUS 
EUPATORIUM RECURVANS 

EUPHORBIA AMMANNIOIDES 

FIMBRISTYLIS CAROLINIANA 

GALIUM HISPIDULUM 

GYMNOPOGON BREVIFOLIUS 

HELIOTROPIUM CURASSAVICUM 

HETEROTHECA GOSSYPINA 

HYDROCOTYLE BONARIENSIS 

HYPOXIS LONGII 

IRESINE RHIZOMATOSA 

IVA IMBRICATA 

JUNCUS CRASSIFOLIUS 

JUNCUS ELLIOTT 1 I 
JUNCUS GRISCOMII 

JUNCUS MEGACEPHALUS 

KALMIA ANGUSTIFOLIA 

LILAEOPSIS CAROLINENSIS 

LIMNOBIUM SPONGIA 

A SANDWRT 

ELLIOTT'S ASTER 

COASTAL-PLAIN ASTER 

CAROLINA BOLTONIA 

CAPILLARY HAIRSEDGE 

PALE GRASS-PINK 

EPIPHYTIC SEDGE 

REN I FORM SEDGE 

A SEDGE 

PRAIRIE SENNA 

ATLANTIC WHITE CEDAR 

SAWGRASS 

SPREADING POGONIA 

MAY HAWTHORN 

BUTTON-BUSH DODDER 

PRETTY DOODER 

SMARTWEED DOODER 

PINELAND TICK-TREFOIL 

A SEDGE 

BALDUIN SPIKERUSH 

WHITE-TOP FLEABANE 

COASTAL-PLAIN THOROUGH-WORT 

A SPURGE 

CAROLINA FIMBRY 

COAST BEDSTRAU 

BROAD-LEAVED BEARDGRASS 

SEASIDE HELIOTROPE 

COTTONY GOLDEN-ASTER 

COASTAL-PLAIN PENNY-WORT 

LONG'S YELLOW STAR-GRASS 

EASTERN BLOOOCEAF 

SEA-COAST MARSH-ELDER 

A RUSH 

BOG RUSH 

GRISCOH'S RUSH 

BIG-HEAD RUSH 

SHEEP-LAUREL 

CAROLINA LILAEOPSIS 

AMERICAN FROG'S-BIT 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

G4 S 2  

GS S1 

G4 S1S2 

GS S1 

GS Sl? 

GS S2? 

GS S2? 

G2G4 S 2  

G4GS S1 

G4GS S1 

GS S 2  

G3G4 S1 

G3G4 S2 

G4 S1 

GS SlS2 

GS S 2  

G5 S1 

GS S1 

GS S1 

G4 S1 3C 

GS S1S2 

GS? S1S2 

G? 5 2  

G4GS S1S2 

GHQ Sl? 

G4G5 S 2  

GS S2S3 

G3 S1S2 3C 

GS S 2  

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

R T 

RSC 



P a g e  No.  14 

0 4 / 2 5 / 9 1  

S C I E N T I F I C  

NAME 

L I P P I A  NOOIFLORA 

L I S T E R A  A U S T R A L I S  

L O B E L I A  ELONGATA 

LONICERA CANADENSIS 

L U O U I G I A  ALATA 

L U D U I G I A  BREVIPES 

L U D W I G I A  REPENS 

LYCOPOOIUH INUNDATUM 

L Y O N I A  L U C I D A  

NOTHOSCORDUM B I V A L V E  

NYMPHOIDES AQUATICA 

OSMANTHUS AMERICANUS 

PASPALUM D I S T I C H U M  

PHLOX P I L O S A  

P H Y S A L I S  VISCOSA 

PHYSOSTEGIA  LEPTOPHYLLA 

P l N U S  P A L U S T R I S  

QUERCUS HEHISPHAERICA 

QUERCUS INCANA 

QUERCUS L A E V I S  

QUERCUS HARGARETTAE 

RANUNCULUS HEDERACEUS 

RHYNCHOSPORA D E B I L I S  

S C I R P U S  ACUTUS 

SCIRPUS ETUBERCULATUS 

SOLIDAGO T O R T I F O L I A  

S P A R T I N A  P E C T I N A T A  

SPIRANTHES OOORATA 

S T E U A R T I A  MALACOOENDRON 

S T I P U L I C I D A  SETACEA 

STYRAX AMERICANA 

T I L L A N D S I A  USNEOIDES 

U T R I C U L A R I A  F IBROSA 

V A C C I N I U H  MACROCARPON 

VERBENA SCABRA 

X Y R I S  C A R O L I N I A N A  

* GROUP: R E P T I L E S  

DEIROCHELYS R E T I C U L A R I A  

R E T I C U L A R I A  

GRAPTEMYS CEOGRAPHICA 

OPHISAURUS V E N T R A L I S  

VA DEPARTMENT OF CONSERVATION 8 RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE R E S W R C E S  FROH NAVAL UEAPONS STATION,  

YORKTOUN, V I C I N I T Y  

GLOBAL STATE FEDERAL STATE 

COMMON NAME RANK RANK STATUS STATUS 

COMMON FROG-FRUIT 

SOUTHERN TWAYBLADE 

ELONGATED L O B E L I A  

AMERICAN FLY-HONEYSUCKLE 

WINGED SEEDBOX 

LONG BEACH SEEDBOX 

CREEPING SEEDSOX 

NORTHERN BOG CLUBMOSS 

FETTER-BUSH 

CROW-POISON 

B I G  FLOATING-HEART 

U I L D  O L I V E  

J O I N T  PASPALUM 

DOWNY PHLOX 

S T I C K Y  GROUND-CHERRY 

SLENDER-LEAVED DRAGON-HEAD 

LONG-LEAF P I N E  

DARLINGTON'S  OAK 

BLUE JACK OAK 

TURKEY OAK 

SAND POST OAK 

LONG-STALKED CROVFOOT 

SAVANNAH BEAKRUSH 

HARD-STEMMED BULRUSH 

CANBY'S BULRUSH 

A GOLDENROO 

FRESH WATER CORDGRASS 

SWEETSCENT L A D I E S f - T R E S S E S  

S I L K Y  CAMELLIA  

P INELAND S C A L Y - P I N K  

AMERICAN SNOUBELL 

SPANISH MOSS 

F IBROUS BLADDERWORT 

LARGE CRANBERRY 

SANDPAPER V E R V A I N  

CAROLINA YELLOW-EYED GRASS 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

CZ RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

R SC 

EASTERN CHICKEN TURTLE G 5 T 5  S 1  L E  

MAP TURTLE G5  S 3  

EASTERN GLASS L I Z A R D  G5 S 1  R7 



P a g e  No.  1 5  

0 6 / 2 5 / 9 1  

VA DEPARTMENT OF CONSERVATION & RECREATION 

D I V I S I O N  OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROH NAVAL WEAPONS S T A T I O N ,  

YORKTOWN, V I C I N I T Y  

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

- S C I E N T I F I C  

NAME COMMON NAME 

** COUNTY: V i r g i n i a  B e a c h  C h e s a p e a k e  

* GROUP: PLANTS 

ASTER RACEMOSUS RSC C O A S T A L - P L A I N  ASTER 

** COUNTY: W i l l i a m s h r g  J a m e s  C i t y  

* GROUP: INVERTEBRATES 

TACHOPTERYX THOREYI THOREY'S GRAYBACK DAMSELFLY 

** COUNTY: Y o r k  

* GROUP: AMPHIBIANS 
AMBYSTOMA MABEEI  

HYLA GRATIOSA 

MABEE 'S  SALAMANDER 

B A R K I N G  TREEFROG 

G4 S2?  RSC 

GS S 1  RSC 

* GROUP: B I R D S  

HALIAEETUS LEUCOCEPHALUS B A L D  EAGLE 

' GROUP: INVERTEBRATES 

C E L I  THEMIS  F A S C I A T A  BANDED PENNANT 

* GROUP: PLANTS 

BOLTONIA  C A R O L I N I A N A  

CAREX L U P U L I F O R H I S  

CUSCUTA INDECORA 

CYPERUS DIANDRUS 

EUPHORBIA AMMANNIOIDES 

L I P A R I S  L O E S E L I I  

LYTHRUM ALATUM 

M A L A X I S  S P I C A T A  

QUERCUS P R I N O I D E S  

C lUERNS SHUMARDI I  

STEUARTIA  OVATA 

T I L L A N D S I A  USNEOIDES 

TRIDENS S T R I C T U S  

U N I O L A  S E S S I L I F L O R A  

U T R I C U L A R I A  F IBROSA 

U I S T E R I A  FRUTESCENS 

CAROLINA BOLTONIA  

FALSE HOP SEDGE 

PRETTY DOODER 

UMBRELLA FLATSEDGE 

A SPURGE 

LOESEL 'S  TWAYBLADE 

WINGED-LOOSESTRIFE 

F L O R I D A  ADDER'S-MOUTH 

DWARF CHINQUAPIN OAK 

SHUMARD'S OAK 

MOUNTAIN CAMELLIA  

S P A N I S H  MOSS 

L O N G - S P I K E  FLUFF GRASS 

LONG-LEAF SPIKEGRASS 

F IBROUS BLADDERWRT 

AMERICAN W I S T E R I A  

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

RSC 

** COUNTY: Y o r k  J a m e s  C i t y  

* GROUP: A M P H I B I A N S  

AMBYSTOMA MABEEI  MABEE'S SALAMANDER G4 S2?  RSC 



Page No. 16 

04/25/91 

SCIENTIFIC 

NAME 

" COUNTY: York Newport News 

VA DEPARTMENT OF CONSERVATION & RECREATION 

DIVISION OF NATURAL HERITAGE 

NATURAL HERITAGE RESOURCES FROM NAVAL WEAPONS STATION, 

YORKTOWN, VICINITY 

COMMON NAME 

GLOBAL STATE FEDERAL STATE 

RANK RANK STATUS STATUS 

* GROUP: AMPHIBIANS 
AMBYSTOMA MABEEI MABEE'S SALAMANDER G4 SZ? 

* GROUP: COMMUNITIES 
COASTAL PLAIN SINKHOLE POND COASTAL PLAIN SINKHOLE POND S1 

RSC 

GROUP: PLANTS 

FIMBRISTYLIS PERPUSILLA HARPER'S FIMBRISTYLIS G2 S1 C2 LE 



EXHIBIT 4-6 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: May 3, 1991 

To: Roberta Damico From: Aaron Bernhardt 
Repres.: National Park Service (NPS) Repres.: Baker Environmental, I n c .  
Phone No.: 215-597-3679 Phone No. : 412-269-6090 

Subject: NPS Properties 

I told her we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on NPS properties. 

She said that Colonial National Historic Park was the only NPS property 
owned or managed in the VA Beach area. 



Project/Location: Navy Clean 

To: Bob Gift 
Repres.: National Park Service 
Phone No.: 215-597-3503 

S.0. NO.: 19002-50-SRN 
Date: May 2, 1991 

From: Aaron Bernhardt 
Repres.: Baker Environmental, ~ n c .  
Phone No.: 412-269-6090 

Subject: NPS Properties 

I told him we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on NPS properties. 

I asked him specifically about Natural Areas. 

He replied that the NPS properties include National Natural Landmarks and 
National Historic Parks. They are not owned by the NPS but are designated 
by the NPS. I should call Pat Bently at 215-597-0011 for more information. 

There are no national lakeshore recreational areas in the VA Beach area. 
There are no other NPS properties other than Colonial National Park, in the 
VA Beach area. 



EXHIBIT 4-7 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: May 2, 1991 

To: Michael Jennings for Pat Weber From: Aaron Bernhardt 
Repres.: National Park Service Repres.: Baker Environmental, Inc. 
Phone No.: 215-597-1582 Phone No.: 412-269-6090 

Subject: Scenic Rivers 
I asked him about scenic rivers in the Va Beach area. 

He said the James River is on the (NRI), which is for rivers that have not 
yet been designated by Congress for Scenic Status. He thinks it will have 
scenic status within one year. What portions will be designated has not 
been determined yet. 

None of the Potomic River has been designated as Scenic, but there are many 
NPS properties alone the River further downstream from the ABL site. 

He will send me the NRI for WV, VA and NC. 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: April 25, 1991 

To: Dick Livvons From: Aaron Bernhardt 
Repres.: Dept of Conservation and Repres.: Baker Environmental, Inc. 

Recreation 
Phone No.: 804-786-4132 Phone No.: 412-269-6090 

Subject: Scenic Rivers 

I told him we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on scenic rivers. 

Dick said that there are no Federally designated scenic rivers in Virginia. 

He did say that there are three State Scenic Rivers in the area of Virginia 
Beach. They include: 

o Lower James River Historic River 
o Nottoway River 
o North Landing River 

Dick will send a report on the N. Landing River and citations from 
regulations for the N. Landing, Nottoway and James which will give the 
exact locations of the designated section. 



EXHIBIT 4-8 



Project/Location: Navy Clean 

To: Joey Thompson 
Repres. : MRC 
Phone No.: 804-247-2200 

S.O. NO.: 19002-50-SRN 
Date: May 8, 1991 

From: Aaron Bernhardt 
Repres.: Baker Environmental, Inc. 
Phone No.: 412-269-6090 

Subject: Marine Sanctuaries 

I told her that I have received a marine sanctuary map from her office and 
I was just checking to verify that it was the only marine sanctuary in the 
VA Beach area. 

Joey said the crab sanctuary map I have is the only marine sanctuary in the 
area of VA Beach. 





EXHIBIT 4-9 



S T R I P E D  B A S S  (Morone saxati l ls):  HABITAT DlSTRlBUTlON O F  
LEGISLAT!!'ELY D E F I N E D  SPAWNIEIG R E A C H E S  AND R I V E R S  

I 

LEGEND 

SPAWNING REACHES 

SPAWNING RIVERS 

SCALE 1 : 1.500.000 

SOURCES: Code of Maryland Regulat~ons 08.02.05.02 

Virg~nia Manne Resources Commission Regulation 450-01-0034 

FIGURE 2 



t B L U E B A C K  H E R R I N G  (Alosa aestivalis): HABITAT DISTRIBUTION OF 
N U R S E R Y  A R E A S  IN CHESAPEAKE BAY 

LEGEND 

NURSERY AREAS: 
EGG AND LARVAL STAGES 

SCALE 1 :1 S00.000 

SOURCE: Corps of Engineers, 1980 FIGURE 3 



ALEWIFE ( A l o s a  p seudoharengus ) :  HABITAT DISTRIBUTION OF 
NURSERY A R E A S  IN CHESAPEAKE BAY 

SOURCE: Corps of Engmeers, 1980 FIGURE 4 

. ... --,/.-- . - 



AMER~CAN SHAD (A losa sapidissima): HABITAT D~STRIBUTION O F  
NURSERY AREAS IN CHESAPEAKE BAY 

LEGEND 

NURSERY AREAS: 
EGG AND LARVAL STAGES 

SCALE 1 :I ,500,000 

SOURCE: Corps of Engineers, 1980 FIGURE 5 



HICKORY SHAD (A losa  mediocris): HABITAT DlSTRlBUTlON OF 
NURSERY AREAS IN CHESAPEAKE BAY 

SOURCE: Corps of Engineers, 1980 FIGURE 6 



BAY ANCHOVY (Anchoa mitchillij: HABITAT DlSTRIBUTlON OF 
SPAWNING AND NURSERY AREAS IN CHESAPEAKE B A Y  

8 O U R C E :  Corps of Engineers, 1980 F I G U R E  11 

LEGEND 

l B  SPAWNING AREAS 

l m  NURSERY AREAS 

I SCALE 1 :I .5OO.OOO 



A;vl t t i lLAPi  OYSTER (Crassost;e,- v i rg in ica) :  HABITAT 
DISTRIBUTION O F  S E E D  AREAS A N D  SUITABLE S U B S T R A T E  IN 

C H E S A P E A K E  B A Y  

SOURCE:  Corps of Engineers, 1980 F I G U R E  12 

LEGEND 

SEED AREAS 

# SUITABLE SUBSTRATE 

SCALE 1:1.500.000 



SOFTSHELL C L A M  (Mya  arenar ia) :  HABITAT D I S T R I B U T I O N  
I N  C H E S A P E A K E  B A Y  

SOURCE: Corps of Engineers, 1980 FIGURE 13 

LEGEND 

I HIGH D E N S I T Y  

LOW D E N S I T Y  

SCALE 1 :1,500,000 



HA29 CLAI.: (Mercefiaria mercenar ia) :  H A B I T A T  DISTRIBUTION 
IN C H E S A P E A K E  BAY 

v 
Y 4  ,8- 

S O U R C E :  Corps of Eng~neers, 1980 FIGURE 14 

--- - . - -- - - 



BLUE CRAB (Callinectes sapidus) : S U M M E R  H A B I T A T  
D~STRIBUT~ON OF FEMALES AND SPAWNING AREAS IN CHESAPEAKE 

B A Y  

SOURCE: Corps of Engineers, 1980 FIGURE 1 5  

LEGEND 

HIGH D E N S I T Y  

SCALE 1 1.500.000 



EXHIBIT 4-10 



Project/Location: Navy Clean S . O .  NO.: 19002-50-SRN 
Date: May 1 ,  1991 

To: Becky Wa jda From: Aaron Bernhardt 
Repres.: Dept of Game and Inland Repres.: Baker Environmental, Inc. 

Fisheries 

Phone No.: 804-367-1000 Phone No.: 412-269-6090 

Subject: Sensitive Environments 

I told her we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on sensitive environments. 
Becky gave me the following responses: 

a. Becky said the VA does not have State Wildlife Refuges; instead they 
have wildlife management areas. The following areas are located in the VA 
Beach Area: 

o Trojen-Pocahontas (by Back Bay) 
o Ragged Island (on James River) 
o Hog Island (further up James River than Ragged Island) 

b. There are several federal and state endangered species in the area 
including the dismal swamp shrew. We could send a letter with the general 
locations we are interested in. 

c. The Natural Heritage Program has information on Natural Areas and the N. 
Landing portion purchased by the Nature Conservancy. 



EXHIBIT 4-11 



Project/Location: Navy Clean 

To: Peter Kirby 
Repres.: Wilderness Society 
Phone No.: 404-355-1783 

S.O. NO.: 19002-50-SRN 
Date: April 25, 1991 

From: Aaron Bernhardt 
Repres.: Baker Environmental, Inc 
Phone No.: 412-269-6090 

Subject: Federal Wilderness Areas 

I told him we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on federal wilderness 
areas. 

He said that designated federal wilderness areas only are located in 
National Parks and National Forests, and that there is no wilderness areas 
in Colonial National Park. He will send a map showing the locations of the 
wilderness areas. 



i 
NATIONAL WILDERNESS PRESERVATIO~ SYSTEM IN 

THE SOUTHEAST 

Agency No. of Units Acreage 

U.S. Forest Service 74 670,000 
National Park Service 7 ' 000 
Fish and Wildlife Service - 18 ---. 0 

,000 -- 
nn con nnn 



EXHIBIT 4-12 



Project/Location: Navy Clean S.O. No.: 19002-50-SRN 
Date: May 1, 1 9 9 1  

To: Ken Clark From: Aaron Bernhardt 
Repres.: Va Natural Heritage Program Repres.: Baker Environmental, Inc. 
Phone No.: 8 0 4 - 7 8 6 - 7 9 5 1  Phone No.: 4 1 2 - 2 6 9 - 6 0 9 0  

Subject: Designated State Natural Areas 

I told him we were doing a study for some U . S .  Naval facilities in the 
Chesapeake Bay area and needed some information on designated state natural 
areas. 

He said that there are two natural areas in the VA Beach Area: 
o North Landing Natural Area Reserve located by Pungo Ferry Road 
o There is another in Mathew County 

He will send me a map showing the locations of those two areas. 

The Nature Conservancy owns some private natural areas alone the N. Landing 
River. I should call Steve Hobbs at 8 0 4 - 2 9 5 - 6 1 0 6  for more information 

Ken added that the reports he sent me concerning the endangered species 
studies at the Navy sites were of the sensitive nature and should not be 
released to the public. His concern was in protecting the resources 
identified in the reports from vandals or collectors. 

I called him back on May 8  to ask him if Seashore State Park also is a 
natural area. He said it is designated as a State Park Natural Area. 



EXHIBIT 4-13 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: May 14, 1991 

To: Bill Muir From: Aaron Bernhardt 
Repres.: EPA Chesapeake Bay Program Repres.: Baker Environmental Inc. 
Phone No.: 215-597-2541 Phone No.: 412-269-6090 

Subject: Near Coastals Waters Program (NCWP) 

I asked him about the National Estuary Program under 302 of the CWA and he 
said that was not his jurisdiction. I should call Chock Spooner at 
301-266-6873 who is head of the Chesapeake Bay Program (CBP). 

Bill deals with the NCWP. The NCWP differs from the NEP in that it 
concerns waters outside the C. Bay Watershed (outside the C. Bay Bridge 
tunnel). The just received funding the past year so the program is just 
getting off the ground. They have not yet designated any areas of concern. 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: May 14, 1991 

To: Karen Bisland From: Aaron Bernhardt 
Repres.: EPA Chesapeake Bay Program Repres.: Baker Environmental, ~ n c .  
Phone No.:301-267-0061 Phone No. : 412-269-6090 

Subject: National Estuary Program (NEP) 

The Chesapeake Bay Program (CBP) is a pilot of the NEP but is not really 
connected. The CBP is more of a management type agency which manages the 
entire Chesapeake Bay and it's watershed. It does not designate certian 
areas but rather the entire Chesapeake Bay and it's watershed. 

The NEP does designate certain areas as NEP Areas but there are not any in 
the Virginia Beach Area. They have designated 17 NEF areas in country, 
with the closest one in Abermarle NC. 

The National Estuary Reserve program under NOAA is another program which is 
different than CBP and NEP. 

Steve Glomb from the NEP (202-475-7114) has a map showing the 17 NEP areas. 



P r o j e c t / L o c a t i o n :  Navy C l e a n  S . O .  N O . :  19002-50-SRN 
Da te :  A p r i l  8 ,  1 9 9 1  

To: Mary Brooks From: Aaron Bernha rd t  
R e p r e s . :  Counci l  on t h e  Environment R e p r e s . :  Baker Env i ronmen ta l ,  Inc. 
Phone No.: 804-786-4500 Phone No.:  412-269-6090 

S u b j e c t :  C o a s t a l  Areas  

I  t o l d  h e r  w e  were d o i n g  a  s t u d y  f o r  some U.S. Naval f a c i l i t i e s  i n  t h e  
Chesapeake Bay a r e a  and needed  some i n f o r m a t i o n  on c o a s t a l  a r e a s .  

She s a i d  t h e  e a s t e r n  s h o r e  of VA ( p e n i n s u l a )  i s  b o r d e r e d  w i t h  C o a s t a l  
B a r r i e r s ;  however ,  s h e  i s  n o t  s u r e  i f  t h e y  a r e  a c t u a l l y  p a r t  of t h e  C o a s t a l  
B a r r i e r  Resources  System. I n  e i t h e r  c a s e ,  t h e y  a r e  g r e a t e r  t h a n  1 5  m i l e s  
away f rom t h e  s i t e s ,  



CHAPTER I 

OVERVIEW 

V i r g i n i a ' s  C o a s t a l  H e s o u r c e s  Management  P r o g r a m  (VCRMP) c o n -  
sists o f  t h r e e  b a s i c  e l e m e n t s .  T h e s e  are': 

1) GOALS AND POLICIES - a set o f  25 s t a t e m e n t s  w h i c h  set 
f o r t h  t h e  g o a l s  o f  c o a s t a l  m a n a g e m e n t  i n  V i r g i n i a  a n d  
v a r i o u s  p o l i c i e s  e m b o d i e d  i n  s t a t u t e  a n d  r e g u l a t i o n ;  

2) ACTIVITIES - t h o s e  a c t i v i t i e s  a n d  p r o g r a m s  u n d e r t a k e n  
b y  s t a t e  a g e n c i e s ,  l o c a l  g o v e r n m e n t s  a n d  r e g i o n a l  p l a n -  
n i n g  d i s t r i c t  c o m m i s s i o n s ,  w h i c h ,  d i r e c t l y  o r  i n d i r e c t l y ,  
a f f e c t  c o a s t a l  r e s o u r c e s  a n d  t h u s  s e r v e ,  i n  v a r y i n g  a e -  
g r e e s - ,  t o  a c c o m p l i s h  t h e  g o a l s  o f  c o a s t a l  r e s o u r c e s  man- 
a g e K e n t ;  a n d  

3) COORDINATION AND OVERSIGHT - t h e  e x e c u t i v e  manage-  
m e n t ,  p o l i c y  d i r e c t i o n ,  c o n f l i c t  r e s o l u t i o n ,  and  a d m i n i -  
s t r a t i o n  w h i c h  d i r e c t s  t h e  i n d i v i d u a l  a c t i v i t i e s  t o w a r d  
g o a l s  and  p o l i c i e s  o f  t h e  VCRMP a n d  k e e p s  t h e  o v e r a l l  . 
p r o g r a m s  r u n n i n g .  

A .  GOALS 

T h e  Commonweal th  h a s  e s t a b l i s h e d  a set o f  t w e n t y - f i v e  g o a l s ,  
w h i c h  set f o r t h  a p o l i c y  f r a m e w o r k  w i t h i n  w h i c h  V i r g i n i a ' s  n e t w o r k  
o f  r e g u l a t o r y  and  o t h e r  p r o g r a m s  w i l l  o p e r a t e  when c o a s t a l  r e -  
s o u r c e s  a re  i n v o l v e d .  T h e s e  g o a l s  h a v e  e v o l v e d  f r o m  t h e  G o v e r n o r ' s  
G u i d a n c e  P a c k a g e :  Areas o f  - E m p h a s i s  f o r  1 9 8 2 - 8 4  B i e n n i u m  B u d g e t ,  
a n d  f r o m  a n  e a r l i e r  f o u r - y e a r  c o a s t a l  r e s o u r c e s  m a n a g e m e n t  p l a n n i n g  
p r o g r a m .  [NOTE: T h e s e  g o a l s  are i n t e n d e d  t o  p r o v i d e  g e n e r a l  
g u i d a n c e  t o  a g e n c i e s  u n d e r t a k i n g  a c t i v i t i e s  w h i c h  a f f e c t  V i r g i n i a ' s  
c o a s t a l  r e s o u r c e s .  T h e y  s h o u l d  a p p l y  i n  cases w h e r e  a g e n c i e s  a r e  
a l l o w e d  a i s c r e t i o n  i n  t h e  o p e r a t i o n  o f  p r o g r a m s  o r  i n  i n d i v i d u a l  
a e c i s i o n s  a n d  w h e r e  t h e s e  g o a l s  a r e  n o t  i n c o n s i s t e n t  w i t h  s t a t u t o r y  
o r  r e g u l a t o r y  p o l i c i e s .  T h e s e  g o a l s  a re  n o t  i n t e n d e d  t o  b e  "en- 
f o r c e a b l e  p o l i c i e s "  a s  r e q u i r e d  i n  15 CFR 9 2 3 . 1 1 . 1  

P r e v e n t i o n  o f  E n v i r o n m e n t a l  P o l l u t i o n  
and  P r o t e c t i o n  o f  P u b l i c  H e a l t h  

1 .  T o  m a i n t a i n ,  p r o t e c t  a n d  i m p r o v e  t h e  q u a l i t y  o f  c o a s t a l  
waters s u i t a b l e  f o r  t h e  p r o p a g a t i o n  o f  a q u a t i c  l i f e  and  rec- 
r e a t i o n  i n v o l v i n g  b o d y  c o n t a c t .  



2. To reduce non-point pollution in tidal streams, estu- 
ar ies, embaymen ts and coastal waters caused by inappropr i d  te 
land uses and inadequate Land management practices. 

3. To reduce the potential for oamage to coastal resources 
from toxic and other hazardous materials through effective 
site selection and planning as well as improved containment 
and cleanup programs. 

4 .  To prevent significant deterioration of air qua1 ity. 

5. To protect the public health from contaminated seafood. 

Prevention of uamage to Natural 8esource Base 

6. To protect ecologically significant tidal . marshes from 
despoilation-or destruction. 

7. To minimize damage to the productivity and diversity of 
the marine environment resulting from alteration of sub- 
aqueous lands and aquatic vegetation. 

8 .  To minimize damage to the produqtivity and diversity of 
the marine environment resulting from the disruption of fia- 
fish and shellfish population balances. 

9. To reduce the adverse effects of sedimentation on produc- 
tive marine systems. 

10. To maintain areas of wildlife habitat and to preserve en- 
dangered species of fish agd wildlife. 

Protection of Public and Private Investment. 

11. To conserve coastal sand dune systems. 

12. To reduce or prevent losses .of property, tax base and 
public facilities caused by shorefroot erosion. 

13. To minimize dangers to. life and property from coastal 
flooding and storms. 

Promotion of Hesources Development 

14. To promote the wise use of coastal resources for the eco- 
nomic benefit and employment of our citizens. 



15. To p r o t e c t  a n d  m a i n t a i n  e x i s t i n g  u s e s  o f  e s t u a r i n e  w a t e r s  
f o r  s h e l l f i s h  p r o p o g a t i o n  and  m a r k e t i n g .  

16. To e n c o u r a g e  p r o v i s i o n  o f  c o m m e r c i a l  a n d  i n d u s t r i a l  a c -  
cess t o  c o a s t a l  waters w h e r e  e s s e n t i a l  t o  d e s i r e d  e c o n o m i c  
a c t i v i t i e s .  

17. To  c o o r d i n a t e  S t a t e  p l a n n i n g  p r o c e s s e s  f o r  m a j o r  p r o j e c t s  
s o  a s  t o  f a c i l i t a t e  c o n s i d e r a t i o n  o f  a l t e r n a t i v e  l o c a t i o n s  f o r  

- s u c h  f a c i l i t i e s  w i t h i n  t h e  c o n t e x t  o f  l o n g - t e r m  d e v e l o p m e n t  
p a t t e r n s  a n d  i m p l i c a t i o n s .  

1 8  To  i m p r o v e  o r  m a i n t a i n  p r o d u c t i v e  f i s h e r i e s .  

19. To e n c o u r a g e  e x p l o r a t i o n  and  p r o d u c t i o n  o f  o u t e r  c o n -  
t i n e n t a l  s h e l f  e n e r g y  r e s e r v e s .  

2 0 .  To p r o v i . d e  f o r  t h e  e x t r a c t i o n  o f  m i n e r a l  r e s o u r c e s  i n  a  
m a n n e r  c o n s i s t e n t  w i t h  p r o p e r  e n v i r o n m e n t a l  p r a c t i c e s .  

P r o m o t i o n  o f  P u b l i c  R e c r e a t i o n  O p p o r t u n i t i e s  

2 1 .  To p r o v i d e  a n d  i n c r e a s e  p u b l i c  r e c r e a t i o n a l  access t o  
c o a s t a l  waters a n d  s h o r e f r o n t  l a n d s .  

P r o m o t i o n  o f  E f f i c i e n t  G o v e r n m e n t  O ~ e r a t i o n  

2 2 .  To p r o v i d e  a s h o r e l i n e  p e r m i t t i n g  p r o c e d u r e  w h i c h  a s -  
s u r e s  b o t h  a d e q u a t e  r e v i e w  and  m i t i g a t  i o n  o f  p r o b a b l e  i m p a c t s  
a s  well a s  t i m e l y  r e s p o n s e  t o  a p p l i c a n t s ,  a d m i n i s t e r e d  a t  t h e  
l o c a l  l e v e l  w h e r e v e r  p o s s i b l e .  

P r o v i s i o n  o f  T e c h n i c a l  A s s i s t a n c e - a n d  I n f o r m a t i o n  

2 3 .  T o  p r o v i d e  s t a t e  a n d  l o c a l  g o v e r n i n g  o f f i c i a l s  and  p r i -  
v a t e  c i t i z e n s  w i t h  t e c h n i c a l  a d v i c e  n e c e s s a r y  t o  make  wise 
d e c i s i o n s  r e g a r d i n g  u s e s  o f  and  i m p a c t s  o n  c o a s t a l  r e s o u r c e s .  

24. To  c o n d u c t  c o n t i n u i n g  e d u c a t i o n a l  p r o g r a m s  i n  C o a s t a l  
H e s o u r c e s  Managemen t  f o r  loca l  and  s t a t e  o f f i c i a l s .  

2 5 .  To m a i n t a i n  a n d  i m p r o v e  b a s e  d a t a ,  m a p s  a n d  p h o t o -  
i m a g e r y  s u p p o r t i v e  o f  d e c i s i o n - m a k e r s '  n e e d s .  

B. ACTIVITIES 

1, General 

C o a s t a l  r e s o u r c e s  managemen t  is n o t  new t o  V i r g i n i a .  V i r -  
g i n i a n s  ha-v-e--long r e c o g n i z e d  t h e  i m p o r t a n c e  o f  t h e  l a n d  and  w a t e r  
r e s o u r c e s  - -. w h i c h  a r e  t h e  b a s i s 7  f o r  t h e  S t a t e ' s  u n i q u e  c o a s t a l  h e r i -  
tage  and t h e y  h a v e  t a k e n  many initiatives o v e r  t h e  y e a r s  t o  p r o -  
m o t e  the wise u s e  a n d  p r o t e c t i o n  o f  t h o s e  r e s o u r c e s .  Much o f  t h e  



p o p u l a t i o n  o f  t h e  s t a t e  l i v e s  a n d .  w o r k s  a l o n g  t h e  c o a s t a l  water-  
w a y s ,  w n i c h  s e r v e  a s  a v e n u e s  o f  c o m m e r c e  a n d  w h i c h  p r o v i d e  n u r s e r y  
g r o u n d s  f o r  V i r g i n i a ' s  f i s h e r i e s  a s  w e 1 1  a s  r e c r e a t i o n  a r e a s  f o r  
i t s  c i t i z e n s .  T h e  C o m m o n w e a l t h  h a s  l o n g  r e g u l a t e d  i ts  f i s h e r i e s  
a n d -  c o n t r o l l e d  e n c r o a c h m e n t s  i n t o  s u b m e r g e d  p u b l i c  l a n d s .  T h e  
M a r i n e  R e s o u r c e s  C o m m i s s i o n  h a s  m a n a g e d  V i r g i n i a ' s  e x t e n s i v e  corn- 
m e r c i a l  f i s h e r i e s  s i u c e  b e f o r e  t h e  t u r n  o f  t h e  c e n t u r y .  ' N i t h    he 
e n a c t m e n t  o f  t h e  W e t l a n d s  Act i n  1972, t h e  C o m m i s s i o n ' s  a u t h o r i t y  
w a s  e x p a n d e d  to i n c l u d e  t h e  p e r m i t t i n g  o f  d e v e l o p m e n t  i n  v e g e t a t e d  
w e t l a n d s .  K e c e n t  a m e n d m e n t s  h a v e  f u r t h e r  e x  t e n d e d  t h a t  a u t h o r i t y  
t o  p r o t e c t  c o a s t a l  p r i m a r y  s a n d  d u n e s  a n d  n o n - v e g e t a t e d  w e t l a n d s .  

I n  a l l ,  o v e r  2 0  s t a t e  a g e n c i e s  a s  w e l l  a s  m a n y  l o c a l i t i e s ,  un- 
d e r  t h e  a u t h o r i z a t i o n  o f  n u m e r o u s  s t a t e  L a w s ,  c o n d u c t  n u m e r o u s  
a c t i v i t i e s  w h i c h  c o n t r i b u t e  t o  t h e  m a n a g e m e n t  o f  V i r g i n i a ' s  c o a s t a l  
r e s o u r c e s .  T h e s e  a c t i v i t i e s  a r e  l i s t e d  i n  A p p e n d i x  1-1. W h i l e  
t h e s e  a c t i v i t i e s  f o r m  t h e  b a s i s  f o r  V i r g i n i a ' s  C o a s t a l  R e s o u r c e s  
M a n a g e m e n t  P r o g r a m , -  a n d  a l l  c o n t r i b u t e  t o  a c c o m o l i s h i n g  t h e  g o a l s  
o f  c o a s t a l  n a n a g e m e n t  t o  v a r y i n g  d e g r e e s ,  t h e r e  a r e  c e r t a i n  a c t i v i -  
t i e s  o r  s e t s  o f  a c t i v i t i e s  w h i c h  c a n  be  i d e n t i f i e d  a s  m a k i n g  k e y  
c o n t r i b u t i o n s  i n  a n u m b e r  o f  a reas .  T h e s e  a r e  d i s c u s s e d  b e l o w .  

2,  C o r e  R e g u l a t o r y  P r o g r a m s  

T h e  n e a r t  o f  V i r g i n i a ' s  C o a s t a l  H e s o u r c e s  M a n a g e m e n t  P r o g r a m  
is  a c o r e  of e i g h t  r e g u l a t o r y  p r o g r a m s  t h r o u g h  w h i c h  c r i t i c a l  l a n d  
a n d  water u s e s  a n d  a c t i v i t i e s  a r e  s u b j e c t  t o  t h e  c o n t r o l  o f  t h e  
s t a t e .  T h e s e  a r e  l i s t e d  b e l o w ,  b y  g e o g r a p h i c  area.  T h e  " e n f o r c e -  
a b l e  p o l i c i e s "  n e c e s s a r y  t o  m a n a g e  t h e  l a n d  a n d  w a t e r  u s e s  l i s t e d  
b e l o w  a r e  t h o s e  c o n t a i n e d  i n  t h e  s t a t e  a n d  f e d e r a l  s t a t u t e s ,  a n d  
a g e n c y  r e g u l a t i o n s  a d o p t e d  p u r s u a n t  t o  t h e m ,  w h i c h  a p p l y  t o  t h e  
o p e r a t i o n  o f  t h e s e  c o r e  r e g u l a t o r y  p r o g r a m s .  A l l  are i n c o r p o r a t e d  
i n t o  v i r g i n i a l ' s  c o a s t a l  m a n a g e m e n t  p r o g r a m .  

S t a t e  l a w  p r o v i d e s  f o r  t h e  s t r i c t  c o n t r o l  o f  v i r t u a l l y  a l l  
u s e s  a n d  a c t i v i t i e s  w h i c h  i n v o l v e  ' t h e  t a k i n g  o f  l i v i n g  r e s o u r c e s  
f r o ~ n  o r  e n c r o a c h m e n t  i n t o  t h e  w a t e r  p o r t i o n  o f  t h e  V i r g i n i a ' s  
c o a s t a l  a r e a ;  f o r  c o m p l e t e  c o n t r o l  of  V i r g i n i a ' s  e n t i r e  t i d a l  
s h o r e l i n e  t h r o u g h  s t r i c t  l o c a l  r e g u l a t i o n ,  w i t h  s t a t e  o v e r v i e w ,  o f  
a l l  e n c r o a c h m e n t s  o n t o  t i d a l  w e t l a n d s  a n d  c o a s t a l  d u n e s ;  a n d  f o r  
t h e  r e g u l a t i o n  o f  s e l e c t e d  s i g n i f i c a n t  u s e s  a n d  a c t i v i t i e s  i n  up- 
l a n d  a r e a s  a l o n g  V i r g i n i a ' s  s h o r e l i n e .  

a. Fisheries M a n a g e m e n t  - R e g u l a t o r y  A u t h o r i t y  O v e r  
C o r n m e r s i a 1  a n d  R e c r e a t i o n a l  F i s h i n g  -- M a r i n e  Re- 
s o u r c e s  c o m m i s s i o n  (URC) ;  c o m m i s s i o n  o f  Game a n d  I n -  
l a n d  F i s h e r i e s  (CGIF). 

b.  S u b a q u e o u s  L a n d s  M a n a g e m e n t  - R e g u l a t o r y  A u t h o r i t y  
O v e r  A 1 1  E n c r o a c h m e n t s  I n ,  O n ,  o r  O v e r  S t a t e - O w n e d  
S u b a q u e o u s  L a n d s  - M a r i n e  R e s o u r c e s  C o m m i s s i o n  
(MRC) ,  



c, Wetlands Management - Regulatory Authority Over 
All Encroachments Into Vegetated and Non-Vegetated 
Wetlands -- Marine Resources Commission (MRc). 

d ,  Dunes Management - Regulatory Authority Over All 
Encroachments Into Coastal Primary Sand Dunes 
-- ~ Marine Resources Commission (MRC) . 

e, Nonpoint Source Pollution Control - Regulatory 
Authority Over Erosion and Sedimentation From Non- 
Agricultural Upland Land Disturbing Activities -- 
Department of Conservation and Historic Resources 
( DCHR) . 

f, Point Source Water Pollution Control - Regulatory 
'Authority Over Existing, Planned or Potential Dis- 
charges to State Waters -- State Water Control Board 
(SWCB). 

g, Shoreline Sanitation - Regulatory Authority Over 
Shoreline Use of Septic or Other On-Site Domestic 
Waste Systems -- State Department of Health (DOH). 

h, Air .Pollution Control -- Regulatory Authority Over 
Emissions Affecting Air Quality. -- State Air 
Pollution Control Board (SAPCB) 

3. Geographic Areas of Particular Concern 

Virginia's Coastal Resources Management Program gives special 
attention to the management of sp.ecial areas -- areas which contain 
particularly important resources or in which natural conditions 
pose particular threats to man and his investments. Virginia's 
program (Chapter V of this document) identifies eleven categories 
of Geographic Areas of Particular Concern (GAPC) and describes the 
special management treatment afforded them under law and regula- 
t ion. 



a, C o a s t a l  N a t u r a l  ~ e s o u r c e  Areas o f  P a r t i c u l a r  Concern  

(1) W e t l a n d s  

( P r o t e c t e d  u n d e r  V i r g i n i a  w e t l a n d s  Act by  
s t a t e  r e g u l a t i o n  o r  l o c a l  r e g u l a t i o n  w i t h  
M a r i n e  R e s o u r c e s  Commission (MRC) o v e r s i g h t .  
-- S e e  C o r e  R e g u l a t o r y  P rog ram)  

(2) Spawning ,  N u r s e r y  a n d  F e e d i n g  Grounds 

- James R i v e r  O y s t e r  Seed Beds  
- P u b l i c  O y s t e r  G r o u n d s  
- B l u e  Crab  S a n c t u a r y  
- S t r i p e d  Bass Spawning  S a n c t u a r i e s  

P r o t e c t e d  u n d e r  s p e c i a l  r e g u l a t i o n s  of t h e  
V i r g i n i a  M a r i n e  R e s o u r c e s  Coymiss ion  and 
s e l e c t e d  s t a t e  s t a t u t e s .  

(3) Coastal P r i m a r y  Sand  Dunes  

P r o t e c t e d  u n d e r  C o a s t a l  P r i m a r y  Sand Dune P ro -  
t e c t i o n  Act -- see C o r e  R e g u l a t o r y  Program.  

(4) B a r r i e r  I s l a n d s  

P r o t e c t e d  u n d e r  a v a r i e t y  of s t a t e ,  f e d e r a l  and 
p r i v a t e  c o n s e r v a t i o n  o r g a n i z a t i o n  o w n e r s h i p s .  

(5) S i g n i f i c a n t  W i l d l i f e  H a b i t a t  Areas 

Ten a reas  p r o t e c t e d  and managed a s  W i l d l i f e  
Management A r e a s  by Commission o f  G a m e  and 
I n l a n d  F i s h e r i e s .  

( 6 )  S i g n i f i c a n t  Public Recreation Areas 

F o u r t e e n  a r e a s  owned and managed by D i v i s i o n  of  
S t a t e  P a r k s  and R e c r e a t i o n  -- o n g o i n g  p l a n n i n g  
t h r o u g h  V i r g i n i a  O u t d o o r s  P l a n  -- a c q u i s i t i o n  
may be by c o n d e m n a t i o n .  

(7) S i g n i f i c a n t  M i n e r a l  R e s o u r c e  D e p o s i t s  

E x t r a c t i o n  a c t i v i t i e s  r e g u l a t e d  u n d e r  M i n e r a l s  
O t h e r  Than Coa l  S u r f a c e  Min ing  Law a d m i n i s t e r e d  
b y  Depa r tmen t  o f  Conservation and Economic 
Development  . 



b. Coastal Natural Hazard Areas o f  P a r t i c u l a r  Concern 

Highly E r o d i b l e  Areas 

T e c h n i c a l  a s s i s t a n c e  t o  p r i v a t e  o w n e r s  t h r o u g h  
S h o r e l i n e  E r o s i o n  A d v i s o r y  S e r v i c e  u n d e r  S h o r e -  
l i n e  E r o s i o n  C o n t r o l  Act -- f i n a n c i a l  a s s i s c -  
a n c e  t o  l o c a l  g o v e r n m e n t s  u n d e r  P u b l i c  B e a c h  
C o n s e r v a t i o n  a n d  D e v e l o p m e n t  Act. 

(2) Coastal High Hazard Areas 

D e v e l o p m e n t  i n  f l o o d p l a i n s  a n d  c o a s t a l  h i g n  
h a z a r d  a r e a s  r e s t r i c t e d  b y  U n i f o r m  S t a t e w i d e  
B u i l d i n g  C o d e  a n d  t h r o u g h  l o c a l  z o n i n g  -- e n -  
c o u r a g e d  u n d e r  V i r g i n i a  F l o o d  Damage R e d u c t i o n  
Act. 

c. Waterfront Development Areas 

A v a i l a b i l i t y  o f  p a s s - t h r o u g h  CZM f u n d s  t o  ' l o c a l i t i e s  
w h i c h  a s k  f o r  GAPC d e s i g n a t i o n  o f  w a t e r f r o n t  a r e a s  a n d  
w h i c h  d e v e l o p  s p e c i a l  m a n a g e m e n t  p r o g r a m s  f o r  t h o s e  
a r e a s .  

C, COORDINATION AND OVERSIGHT 

C o a s t a l  m a n a g e m e n t  is a m i x  o f  t h r e e  d i f f e r e n t  l e v e l s  of  re- 
s p o n s i b i l i  t i e s .  I n d i v i d u a l  m a n a g e m e n t  a c t i v i t i e s ,  i n c l u d i n g  t h e  
o p e r a t i o n  o f  V i r g i n i a ' s  c o r e  r e g u l a t o r y  p r o g r a m s ,  a re  c o n d u c t e d  by 
a v a r i e t y  o f  i n d i v i d u a l  a g e n c i e s .  T h i s  c o l l e c t i o n  o f  i n d i v i d u a l  
a c t i v i t i e s  is t i e d  t o g e t h e r  i n t o  a c o m p r e h e n s i v e  p r o g r a m  or  " n e t -  
w o r k "  by t h e  o v e r v i e w ,  d i r e c t i o n  a n d  c o o r d i n a t i o n  s u p p l i e d  b y  t h e  
S e c r e t a r y  o f  h a t u r a l  i s e s o u r c e s .  T h e  C o u n c i l  o n  t h e  E n v i r o n m e n t  
assists t h e  S e c r e t a r y  by  a d m i n i s t e r i n g  t h e  d e t a i l s  o f  t h e  p r o g r a m  
a n d  a c t i n g  a s  " l e a d  a g e n c y "  f o r  p u r p o s e s  o f  p r o g r a m  m a n a g e m e n t ,  
m o n i t o r i n g  a n d  r e p o r t i n g  a n d  g r a n t  m a n a g e m e n t .  



CHAPTER 11 

BOUNDARIES 



Project/Location: Navy Clean S.O. NO.: 19002-50-SRN 
Date: April 5, 1991 

To: Alex Barron From: Aaron Bernhardt 
Repres.: VA State Water Control Board Repres.: Baker Environmental, I ~ C .  

Phone No.: 804-367-0056 Phone No.: 412-269-6090 

Subject: 305(a) Water Use Designation 

I told him we were doing a study for some U.S. Naval facilities in the 
Chesapeake Bay area and needed some information on surface waters that have 
been designated as drinking water. 

Alex said he thinks the PWS designation in the VA water Quality Standards 
is the State 305(a) designation, but he will check into it and call me 
back. 



EXHIBIT 4-15 



MICHAEL BAKER, JR., INC. 

PHONE CALL REPORT 

DATE: Ax-I / 
CONTRACT NO.. 



Friday 
December 14, 1990 

Part !3 

Environmental 
Protection Agency 
40 CFR Part 300 
Hazard Ranking System; final Rule 
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the hazardous substance with tlie highest value for the watershed a s  specified in of 1 x 109 Based on this product, assign a 
toxicily/persistence factor value for the section 2.4.2. Enter this value in Table 4-1. value from Table 2-7 (section 2.4.3.1) to the 
watershed to assign the toxicitylpersistence 4.1.22.3 Colculaliofl of  dr;nh.i~rg water drinking water threat-waste characteristics 
factar value for the drinking water threat for th&al-i~asle chmcferistics factor calWXY factor category for the watershed, Enter this 
the watershed. Enter this value in Tuble 4-1. value. Multiply the toxicity/persistence and ,,slue in 4-1, 
'4.1.212 Hazardous waste qwntity. hazardous waste quantity factor values for 

Assign a hazardous waste quantity factor the watershed. subject to a maximum product 

T o m  factof value 
Perststence factor value 

10.000 1.000 100 10 
I I 

Do not round to nearest integer 

4.12.3 Drinking water threat-tagets. 
Evaluate the targets factor category for each 
watershed based on three factors: nearest 
intake. population. and resources. 

To evaluate the nearest intake and 
population factors. determine whether the 
target surface water intakes are subject to 
actual or potential contamination as specified 
in section 4.1.1.2 Use either an  observed 
release based on direct observation a t  the 
intake or the exposure concentrations from 
samples (or comparable samples) taken at or 
beyond the intake to make this determination 
(see section 4.12.1.1). The exposure 
ccjncentrations for a sample (that is. surface 
water. benthic or sediment sample) consist 
of the concentrations of those hazardous 
substances present thst are significantlv 
above background levels and attributable nt 
least in part to the site (that is, those 
hazardous subs!ance concentrations that 
meet the criteria for an observed release). 

When an intake is subject to actual 
contamination, evaluate il using Level 1 

concentrations or Level Il concentrations. If 
the actual contamination is based on an 
observed release by direct observation use 
Level Il concentrations for that intake. 
However. if the actual contamination is 
based on an observed release from samples. 
determine which level applies for the intake 
by comparing the e x p o s w  concentrations 
from samples (or comparable samples) to 
health-based benchmarks a s  specified in 
sections 2.5.1 and 2.52 Use the health-based 
benchmarks from Table 3-10 (section 3.3.1) in 
determining the level of contamination h m  
samples. For contaminated sediments with no 
.identified source. evaluate the actual 
contanlinetion using Level IJ concentrations 
(see section 4.1.12). 
4.123.1 Aiwres! intake. Evaluate f ie  

nearest intake factor based on the drinking 
water intakes along the ovedandJflood 
hazardous substance migration path for the 
watershed. Lnclude standby intakes in 
evaluating this factor only if they are used for 
supply at lesst once a year. 

Assign the nearest intake factor a value as 
follows and enter the value in Table 4-1: 

If one or more of these drinking water 
intakes is subjec! to Level I concentrations as 
specified in section 4.123, asslgn a factor 
value of 50. 

If n o t  but if one or more of (hese 
d r i r i n g  water intakes is subject to Level I1 
concentrations, assign a factor value of 45. 

If none of these drinking water intakes is 
subject to Level i or Level U concentrations. 
determine the nearest of these drinking water 
intakes, a s  measured from the probable point 
of entry (or from the point where 
measurement begins for contaminated 
sediments with no identified source). Assign 
a dilution weight from Table 4-13 to this 
intake. based on the type of surface water 
body in which it is located. Multiply this 
dilution weight by 20, round the product to 
the nearest integer. and assign it as the factor 
value. 

Assign the dilution weight fmm Table 4-13 
as  follows: 

For a river (that is. surface water body use the average annual discharge a s  defined For a lake. assign a dilution weight as 
types specified in Table 4-13 as  minimal in the U.S. Geological Sunrep Water follows: 
stream through very large river), essign a Resources Data Annual Report. Otherwise. -For a lake that has surface water flow 
dilution weight based on the average annual estimate the average ennual flow. entering the lake, assign a dilution 
flow in the river at the intake. If awila!):~. weight based on the sum of the 

TABLE 4-1 3.-SURFACE WATER DILUTION WEIGHTS 

Auigned 
dliu:um 
w e h t  ' 

.. - - - - .- - - -- - - Type of sudace water body 

PJinimal stream ~ e s s  than 13 cis ....................... 1 
.......... small to moderate stream - 10 to 100 cfs 0.1 

Moderate to large stream ............ - Greater man 100 to 1.000 d s  0.01 
Large s:ream to river Greater than 1.000 to 10,OM) c!s 0.001 
Large river ! Greater than 10.000 to 100,000 cfs 0.0001 
Vecy hrge river -- ! Greater than 10.000 cfs 0.00001 
Coastal tdal waters ........... - Flow not applicable, depth not applicable G.0001 
Shallow ocean zone or Great Lake .- FIOW oot appthble, depth less than 20 feet .................................................................... 0.0001 
Moderate depch ocean zone or Great Lake 

Treat each lake as a separate type 01 water body and assign a di'ution weight as specified in tea 
00 rot round to nearest Integer. 

'cfs = cubic feet  per second. 
Embayments, h a ~ r s .  sounds. estuartes, bad bays. lagoom, wetimds, etc.. -ward from rncuths of nven and landward from baselme of Territonal Sea. 
Seaward from baseliae of Territotlal Sea. This baseline rep:esents the generalized 0.S. coastline. It is para:M to the seaward limit of the  Terntorial Sea and 

o:her mant:m kmrts such as Ute Inner boundary of the Federal fisheries jwisdraion ard the lmit of Sates jurisd'ilioo under the Submerged Lands Act as arundfd. 

DesCriptor 

...................................... 

-- - -- - 
Fiow characteristcs 
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avprage annual flows for tt;e surface 
water bodies entering the lake up to 
the point of the intake. 

--For a lake that has no surface water 
flow entering. but that does have 
surface water flow leaving. assign a 
dilution weight based on the sum of 
the average annual flows for the 
surface water bodies leaving the lake. 

-For a closed lake (that is. a lake without 
surface water flow entering or leaving). 
assign a dilution weight based on the 
average annual ground water flow into 
the lake, if available, using the dilution 
weight for the corresponding river flow 
rate in Table 4-13.1f not available. 
assign a default dilution weight of I. 

For the ocean and the Great Lakes. 
assign a dilution weight based on depth. 

For coastal tidal waters. assign a dilution 
weight of 0.0001; do not consider depth or 
flow. 

For a quiet-flowing river that has average 
annual flow of 10 cubic feet per second (ds)  
or greater and that contains the probable 
point of entry to surface water. apply a zone 
of mixing in assigning the dilution weight: 

S t a r t  the zone of mixing a t  the probable 
point of entry and extend it for 3 miles 
frum the probable point of entry. 
except: if f ie  surface water 
characteristics change to turbulent 
within this 3-mile distance, extend the 
zone of mixing only to the point at 
which the change occurs. 

-Assign a dilution weight of 0 5  to any 
intake that lies within this zone of 
mixing. 

-3eyond this zone of mixing, assign a 
dilution weight the same as for any 
other river (that is, assign the dilution 
weight based on average annual flow). 

-Treat a quiet-flowing river with gn 
average annual flow of less th& 10 cis 
the same as any other river (that is, 
assign it a diiution weight of 1). 

In those cases where ura!ei. flows from a 
sur:ace water hody with a lower assigned 
dilution weight (from Tzble 4-13) to a surface 
water body with a higher assigned dilution 
weight (that is. water flows from a surface 
water body with more dilution to one with 
less dilution). use the lower assigned dilution 
weight a s  the dilution weight for the latter 
sulfara water body. 

4.1.2.3.2 Population. In evaluating the 
population fac:or, include only persons 
served by drinking water drawn from intakes 
that are along the overland/flaod hazardous 
substance migration path for the,watershe& 
and that are within the target distance limit 
specified in section 4.1.1.2. lnclude residents. 
students. and workers who regularly use the 
water. Exclude transient populations such as 
customers and travelers passing through the 
area. When a standby intake is maintained 
on a regular basis so that water can be 
withdrawn, include it in evaluating the 
population factor. 

In estimating residential population, when 
the estimate is based on the number of 
residences, multiply each residence by the 
average ngmber of persons per residence for 
the county in which the residence is located. 

In estimating the population served by an 
intake. if the water frum the intake is blended 
with other water (for example. water frum 
other surface water intakes or gmund water 
wells]. apportion the total population 
regularly sewed by the blended system to the 
intake based on the intake's relative 
contribution to the total blended system. Ln 
estimating the intake's relative contribution 
assume each well or intake contributes 
equally and apportion the popdation 
accordingly, except: if the d a t i v e  , 

contribution of any one intake or  wel! 
exceeds 40 percent based on average annual 
pumpage or capacity, estimate the relative 
contribution of the wells and intakes 
considering the following data, if available: 

Average annual pumpage from the 
gmund water wells and surface water intakes 
in the blended system. 

Capacities of the wells and intakes in the 
blended system. 

For systems witb standby surface water 
intakes or standby ground water wells. 
apportion the total population regularly 
served by the blecded system as  described 
above, except: 

Exclude standby ground water wells in 
apportioning the population. 

* When using pumpage data for a s:andby 
surface water intake, use average pumpage 
for the period during which the standby 
intake is used rather than average anmal  
pumpnge. 

For that portion of the total population 
that could be apportioned to a standby 
surface water intake, assign that portion of 

the popula(ion either to that standby intake 
or to the other surface water intake(s] and 
ground water we191 that serve that 
population: do notassign h a t  portion of the 
population both to.the standby intake and to 
the alher inlske(s).and well(s) in the blended 
system. Use the aRportioning that results in. 
the highest population factor value. (Either 
include all standby intake(s) or exclude some 
or all of the standby intake(s) as appropiale 
to obtain this highest value.) Note that the 
specific standby intake(s) included or 
excluded a n d  thus, the specific apportioning 
may vary in evaluating different watersheds 
and imevaluating the ground water pathway. 

4.12.3.2.1 Level of contominolion. 
Evaluate the population factor based on three 
factors: Level I concentrations. Level 11 
concentrations. and potenttd contamination. 
Determine which factor applies for an intake 
a s  specified in section 4.123. Evaluate 
intakes subject to Levd 1 mnqnti-ation as 
specified in section 4 .12322  intakes subject 
to Level ll concentration as specifi ed in 
section 4.1.2.323. and intakes subject to 
potential contamination a s  specified in 
section 4.1 W L 4 .  

For the potential cuntaminatjon'factor, use 
population ranges in evaluat' the factor as 
specified in M i o n  4.1 WL4?or the Level 1 
and Level 1I concentrations factors. use the 
population estimate. not population ran- in 
evahating both factors. : 

4.12322 ~ e v e l  I a,mnt&tions. Sum the 
number of people served by drinking water 
from intakes subject to Level 1 
concentrations. Multiply this swn by 10. 
Assign this produd a s  the value for this 
factor. Enterthis value in Table t1. 

4.12323 Level I! concentmtions Sum 
the number of people served by drinking 
water from intakes subject to Level U. 
wncenamtions. Do not indude people 
alreadjr counted under the Level I 
concentrations factor. Assign this sum as  the 
value for this factor. Enter this va!ue in Tabie 
el. 

4.1.2.3.2.4 Pa!cntiol ccnlomino<kn. For 
cdch applir~ble type of surface wa:er body in 
Tab:e 4-14. first determine the nurrher of 
people semea by drinking water from intakes 
subject to potential contamination in that 
type of surface water body. Do not include 
those people already counted under the Level 
1 and Level I1 concentrations factors. 
BUUNG COOE 6560-5044 
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Table 1. Annual Production of Human Food C h a m  
Organisms per acre of Surface-Water Body 
1 5  miles downstream or upstream 
(tidal influenced) from Little Creek 

Size of 
Water Pounds Water Body Pounds per 

Bod1 Code Landed ( acres  ) Acre - 
Lynnhaven Bay 375 2 , 0 6 2  2 , 8 0 0  1 

Elizabeth River 3 1 6  6 9 6 , 7 4 2  7 , 3 0 0  95 

Lafayette River 3 2 7  0  1 , 5 0 0  0 

Back River 3 0 1  1 , 5 6 9 , 5 6 1  4 , 7 0 0  3 3 4  

James River 3 2 4  2 , 4 3 5 , 6 1 7  4 7 , 0 0 0  52  
(lower) 

Chesapeake Bay 3 0 7  2 3 , 2 5 1 , 8 9 0  2 1 0 , 0 0 0  111 
(lower west) 

Source: Virginia Marine Resources Council. 
"Total Landings of Shellfish and 
and Finfish by Water Area." 1 9 8 9 .  
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C M G BUTTERY, M.0 
COMMISSIONER 

COMIMON WEALTH of VIR.CJINIA 
Department of Health 
Richmond, Virginia 23219 

NOTICE AND DESCRIPTION OF SHELLFISH AREA CONDEMNATION 
NUMBER 17, LITTLE CREEK 

EFFECTIVE 24 AUGUST 1990 

Pursuant to Title 28.1, Chapter 7, SS28.1-175 through 28.1-177, 
s32.1-20, and §9-6.14:4.1 B16 of the Code of Virginia: 

1. The "Notice and Description of shellfish Area Condemnation 
Number 17, Little Creekn, effective 27 April 1989, is 
cancelled effective 24 August 1990. 

2. Condemned Shellfish Area Number 17, Little Creek, is 
established, effective 24 August 1990. It shall be unlawful 
for any person, firm, or corporation to take shellfish from 
area %17 for any purpose. The boundaries of the area are 
shown on map titled "Little Creek, Condemned Shellfish Area 
Number 17, 24 August 1990" which is part of this notice. 

3 ,  The Department of Health will receive, consider and respond 
to petitions by any interested person at any time with respect 
to reconsideration or revision of this order. 

BOUNDARIES OF CONDEMNED AREA NUMBER 17 

The condemned area shall include all of that portion of Little 
Creek and its tributaries lying upstream of a line drawn between 
the north ends of the east and west jetties. 

Recommended 

Ordered by: 
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C M G BUTTERY, M D 
COMMlSSlONEEi 

Departnz~t~t qf Health 
Richmond, 17irginia 23219 

NOTICE AND DESCRIPTION OF SHELLFISH A R E A  CONDEMNATION 
NUMBER 25, LY~NHAVE~I, BROAD AND LINKHORN BAYS AND TRIBUTARIES 

EFFECTIVE 27 APRIL 1989 

Pursuant t o  T i t l e  28.1, Chapter 7 ,  5528.1-175 th rough  28.1-177, 532.1-20, 
and 99-6 .14:4 .1  C6 of  t h e  Code o f  V i r g i n i a :  

Tne " N o t i c e  and D e s c r i p t i o n  o f  S h e l l f i s h  Area Condemnation Number 25, 
Lynnnaven, Broad, and L i n k h o r n  Bays and T r ibu ta r ies ' ;  e f f e c t i v e  26 May 
1388 (emergency r e g u l a t i o n )  i s  c a n c e l l e d  e f f e c t i v e  27 A p r i l  1983. 

Condemned S h e l l f i s h  Area Number 25, Lynnhaven, Broad and L i n k h o r n  Bays 
and T r i b u t a r i e s ,  i s  e s t a b l i s h e d ,  e f f e c t i v e  27 A p r i l  1989. I t  s h a l l  be 
un lawfu l  f o r  any person,  f i r m ,  o r  c o r p o r a t i o n  t o  t a k e  s h e l l f i s n  f rom 
area #25 f o r  any purpose,  e x c e p t  b y  p e r m i t  g r a n t e d  b y  t h e  Mar ine  Resources 
Commission, as p r o v i d e d  i n  S e c t i o n  28.1-179 o f  t n e  Code o f  V i r g i n i a .  
The boundar ies  o f  t n e  area a r e  shown on map t i t l e d  "Lynnhaven, Broad, 
and L i n k h o r n  Bays and T r i b u t a r i e s ,  Condemned S h e l l f i s h  Area Number 25, 
27 A p r i l  1989" wnich i s  a  p a r t  o f  t h i s  n o t i c e .  

Tne Department o f  H e a l t h  w i l l  r e c e i v e ,  c o n s i d e r  and respond t o  p e t i t i o n s  
b y  any i n t e r e s t e d  pe rson  a t  any  t i m e  w i t h  r e s p e c t  t o  r e c o n s i d e r a t i o n  o r  
r e v i s i o n  o f  t h i s  R e v i s i o n .  

BOUNDARIES OF CONDEMNED AREA NUMBER 25 

Tne condemned area s h a l l  i n c l u d e  a l l  o f  Lynnhaven Bay, Lynnhaven R i v e r  
and t r i b u t a r i e s  upstream o f  t h e  upstream s i d e  o f  t h e  Lesner B r i d g e  and 
west  o f  t h e  wes te rn  boundary  o f  p a r t  B, Long Creek and Canal .  

The condemned area s h a l l  i n c l u d e  a l l  o f  Long Creek, cana l  and t r i b u t a r i e s  
enc losed b y  a  l i n e  b e g i n n i n g  a t  t h e  p rominen t  p o i n t  of  l a n d  sou th  o f  t h e  
e a s t  end o f  t h e  Lesner B r idge ;  thence s o u t h e a s t e r l y  a l o n g  t h e  wes te rn  
shores o f  f o u r  s m a l l  i s l a n d s  t o  t h e  westernmost  p o i n t  o f  t n e  shore; 
thence e a s t  and n o r t n  around t h e  shore t o  t n e  s o u t h  shore o f  Long Creek; 
thence e a s t e r l y  a l o n g  t n e  s o u t h  shore t o  t n e  e a s t e r n  end o f  Long Creek 
Canal t o  t h e  p o i n t  where i t  e n t e r s  Broad Bay; tnence e a s t  n o r t h e a s t e r l y  
a p p r o x i m a t e l y  1100 ya rds  t o  t h e  southwestern  p o i n t  o f  t h e  m a j o r  s h o r e l i n e  
p r o j e c t i o n ;  thence e a s t e r l y  a l o n g  t n e  s h o r e l i n e  t o  t h e  easternmost  p r o j e c t i o n  
o f  C a r t e r  P o i n t ;  thence aue e a s t  t o  t h e  opposing shore;  thence n o r t h  
and west a l o n g  t h e  n o r t n  shore  t o  t h e  p o i n t  o f  b e g i n n i n g .  



- 2 -  

C. The condemned area snal l  include a l l  of Dey Cove and M l 1 1  Dam Creek a n d  
t h e i r  t r i o u t a r i e s  upstrsam of a  l i n e  across the common mouth a t  i t s  
narrowest po in t .  

D. The condemned 
upstream o f  a  

Recommended by:  

Ordered by: 

area shal l  include a l l  of Linkhorn Bay and i t s  t r i b u t a r i e s  
l i n e  across the Narrows a t  the  most cons t r ic ted  po in t .  

Cic?,,~ tcL i.:~-c?;, 
Director ,  Difiision of She l l f i sh  

'$--- 
_. I - - 

S t a t e  Realth Commissioner / 
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C M G BUTTERY. N, D 
COMMlSSlONEfi 

Departme~zt of Health 
Richmmd, I'irginia 23219 

NOTICE AND DESCRIPTION OF SHELLFISH AREA CONDEMNATION 
NUMBER 60 ,  CHESAPEAKE BAY - A D J O I N I N G  LITTLE CREEK 

EFFECTIVE 27 APRIL 1989 

Pursuan t  t o  T i t l e  28.1, Chapter 7 ,  SS28.1-175 th rough  28.1-177, $32.1-20, 
and 59-6.14:4.1 C6 o f  the  Code of V i r g i n i a :  

1. The "Not ice  and D e s c r i p t i o n  of S h e l l f i s h  Area Condemnation Number 60,  
Chesapeake Bay - Adjo in ing  L i t t l e  Creek", e f f e c t i v e  26 May 1988 (emergency 
r e g u l a t i o n )  i s  c a n c e l l e d  e f f e c t i v e  27 A p r i l  1989. 

2. Condemned S h e l l f i s h  Area Number 60 ,  Chesapeake Bay - Adjoining L i t t l e  Creek, 
i s  e s t a b l i s h e d ,  e f f e c t i v e  27 A p r i l  1989. It s h a l l  be unlawful  f o r  any 
p e r s o n ,  f i r m ,  o r  c o r p o r a t i o n  t o  t a k e  s h e l l f i s h  from a r e a  #60 f o r  any purpose 
e x c e p t  by p e r m i t  g r a n t e d  by the  U r i n e  Resources Commission, a s  provided i n  
T i t l e  28.1-179 o f  t h e  Code of V i r g i n i a .  The boundar ies  of the  a r e a  a r e  
shown on map t i t l e d  "Chesapeake Bay - Adjo in ing  L i t t l e  Creek, Condemned 
S h e l l f i s h  Area Number 60 ,  27 A p r i l  1989" which is p a r t  of t h i s  n o t i c e .  

3. The Department of Hea l th  w i l l  r e c e i v e ,  c o n s i d e r  and respond t o  p e t i t i o n s  by 
a n y  i n t e r e s t e d  pe r son  a t  any t ime w i t h  r e s p e c t  t o  r e c o n s i d e r a t i o n  o r  
r e v i s i o n  of t h i s  Revis ion.  

BOUNDARIES OF CONDEMNED AREA NUMBER 60 

The condemned a r e a  s h a l l  i n c l u d e  t h a t  a r e a  of Chesapeake Bay enclosed by a  l i n e  
b e g i n n i n g  a t  a p o i n t  on t h e  beach a t  h i g h  w a t e r  l i n e  due n o r t h  of t h e  i n t e r -  
s e c t i o n  of E a s t  Ocean V i e w  Avenue and Shore  D r i v e ,  thence  due n o r t h  t o  the  
24 f t .  c o n t o u r  &I660 y a r d s  ( a p p r o x i m a t e l y  36O56'40" 76"11140") thence  S83'30'E 
approx imate ly  two m i l e s  t o  a p o i n t  on t h e  24  f t  contour  ( approx imate ly  36°56'30" 
76"09'25"),  t h e n c e  due s o u t h  t o  a p o i n t  on t h e  beach a t  h i g h  water  l i n e  f l  m i l e ,  
t h e n c e  a l o n g  t h e  high w a t e r  l i n e  t o  t h e  p o i n t  of beginning c r o s s i n g  t h e  mouth of 
L i t t l e  Creek a b u t t i n g  S h e l l f i s h  Condemned Area Number 17. T h i s  a r e a  ex tends  
a p p r o x i m a t e l y  one mi le  e a s t  and one m i l e  west of t h e  j e t t y  on the  east s i d e  of 
L i t t l e  Creek and o f f s h o r e  t o  t h e  24 f t .  con tour .  

Recommended by: 
~ i r e c t o r , / ~ i v k s r i o n  of s h e l l f i s h  S a n i t a t i o n  

Ordered by: 
S t a t e  ~ e g l t h  ~ o m m h s i o n e r  u 
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C.M.G. BUTTERY. M.D 
COMMISSIONER 

NOTICE AND DESCRIPTION OF SHEJ,LFISII AREA CON1)EMNATION 
NDIBER 163 ,  SOUTH THIMBLE ISLAND, CIIESAPEAU BAY B R I D G E  - TUNNEL 

EFFECTIVE 27 APRIL 1989 

P u r s u a n t  t o  T i t l e  28 .1 ,  C h a p t e r  7 ,  5928.1-175 t l l r o u g h  28.1-177, $32.1-20, 
a n d  59-6.14:4.1 C6 o f  t h e  Code of V i r g i n i a :  

1. The " N o t i c e  and D e s c r i p t i o n  o f  S h e l l f i s h  Area Condemnat ion Number 163, 
S o u t h  T h i m b l e  I s l a n d ,  C h e s a p e a k e  Bay B r i d g e  - T u n n e l " ,  e f f e c t i v e  2 6  May 1 9 8 8  
( e m e r g e n c y  r e g u l a t i o n )  i s  c a n c e l l e d  e f f e c t i v e  27 A p r i l  1989. 

2. Condemned S h e l l f i s h  Area Number 1 6 3 ,  S o u t h  Thimble  I s l a n d ,  C h e s a p e a k e  Ray 
B r i d g e  - T u n n e l ,  is e s t a b l i s h e d ,  e f f e c t i v e  27  A p r i l  1989.  I t  s h a l l  be 
u n l a w f u l  f o r  a n y  p e r s o n ,  f i r m ,  o r  c o r p o r a t i o n  t o  t a k e  s h e l l f i s h  f rom a r e a  
# I 6 3  f o r  a n y  p u r p o s e  e x c e p t  by p e r m i t  g r a n t e d  by t h e  M a r i n e  R e s o u r c e s  
Commiss ion ,  a s  p r o v i d e d  i n  T i t l e  28.1-179 o f  t h e  Code of V i r g i n i a .  The 
b o u n d a r i e s  o f  t h e  a r e a  a t e  shown on map t i t l e d  "South  T h i m b l e  I s l a n d ,  
C h e s a p e a k e  Bay B r i d g e  - T u n n e l ,  Condemned S h e l l f i s h  Area Number 1 6 3 ,  27  
A p r i l  1989" w h i c h  is p a r t  o f  t h i s  n o t i c e .  

3 .  The D e p a r t m e n t  o f  H e a l t h  w i l l  r e c e i v e ,  c o n s i d e r  and  r e s p o n d  t o  p e t i t i o n s  by 
a n y  i n t e r e s t e d  p e r s o n  a t  a n y  time w i t h  r e s p e c t  t o  r e c o n s i d e r a t i o n  o r  
r e v i s i o n  of  t h i s  R e v i s i o n .  

BOUNDARIES OF CONDEMNED AREA NUMBER 163 

The  condemned a r e a  s h a l l  i n c l u d e  a l l  o f  t h a t  p o r t i o n  o f  C h e s a p e a k e  Bay e n c l o s e d  
b y  a l i n e  d rawn a r o u n d  S o u t h  T h i m b l e  I s l a n d  o f  t h e  C h e s a p e a k e  Ray B r i d g e  - 
T u n n e l  complex  a t  a d i s t a n c e  o f  2 0 0  f e e t .  

A 

Recommended by : <d&L 4/&4234q 
D i r e c t o r ,  d i v i s i o n  o f  S h e l l f i  

n 

O r d e r e d  by : I 

S t a t e  HeaZtK' C o m m i s s i o n e r  u 
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C.M.G. BUTTERY. M.D. 
COMMISSIONER 

Department of Health 
Richm'ond, Virginia 23219 

NOTICE AND DESCRIPTION OF SHELLFISH AREA CONDEMNATION 
NUMBER 7, HAMPTON ROADS 

EFFECTIVE 27 APRIL 1989 

and 

1, 

2. 

3. 

A. 

P u r s u a n t  t o  T i t l e  28.1, Chapter 7 ,  5528.1-175 t h r o u g h  28.1-177, 932.1-20, 
99-6.14:4.1 C6 of t h e  Code of V i r g i n i a :  

The "Not ice  and Descr ip t ion  of S h e l l f i s h  Area Condemnation Number 7,  
Hampton Roads", e f f e c t i v e  26 May 1988 (emergency r e g u l a t i o n )  i s  cance l l ed  
e f f e c t i v e  27 A p r i l  1989. 

Condemned S h e l l f i s h  Area Number 7, Hampton Roads, i s  e s t a b l i s h e d ,  e f f e c t i v e  
27 A p r i l  1989, and s h a l l  c o n s i s t  of a r e a s  A and B d e s c r i b e d  below. A s  t o  
a r e a  A ,  i t  s h a l l  be unlawful  f o r  any p e r s o n ,  f i r m ,  o r  c o r p o r a t i o n  t o  
t a k e  s h e l l f i s h  from t h i s  a r e a ,  f o r  any p u r p o s e ,  e x c e p t  by permit  g ran ted  
by t h e  Marine Resources Commission, a s  p rov ided  i n  S e c t i o n  28.1-179 of 
t h e  Code of V i r g i n i a .  A s  t o  a r e a  B ,  i t  s h a l l  be un lawfu l  f o r  any person,  
f i r m ,  o r  c o r p o r a t i o n  t o  t a k e  s h e l l f i s h  from t h i s  a r e a ,  f o r  any purpose. 
The boundar ies  of t h e  a r e a s  are shown on map t i t l e d  "Hampton Roads, 
Condemned S h e l l f i s h  Area Number 7 ,  27 A p r i l  1989" which i s  p a r t  of 
t h i s  n o t i c e .  

The Department of Heal th  w i l l  r e c e i v e ,  c o n s i d e r  and respond t o  p e t i t i o n s  by 
any i n t e r e s t e d  person a t  any t i m e  w i t h  r e s p e c t  t o  r e c o n s i d e r a t i o n  o r  r e v i -  
s i o n  of t h i s  o rder .  

BOUNDARIES OF CONDEMNED AREA NUMBER 7 

The condemned a r e a  s h a l l  i n c l u d e  a l l  of  Hampton Roads bounded by a  l i n e  
b e g i n n i n g  a t  t h e  upstream s i d e  of t h e  l a r g e  f i s h i n g  p i e r  on t h e  s o u t h e a s t  
s i d e  of Old P o i n t  Comfort; thence  ups t ream t o  t h e  upst ream s i d e  of t h e  
s o u t h w e s t e r l y  a long t h e  upst ream s i d e  of t h e  b r i d g e  f o r  3200 y a r d s ;  thence 
i n  a  s o u t h e a s t e r l y  d i r e c t i o n  t o  n a v i g a t i o n a l  a i d  BW N"H15"; thence t o  
n a v i g a t i o n a l  a i d  BW"N"H11"; t h e n c e  t o  n a v i g a t i o n a l  a i d  BW"N1"; thence 
a l o n g  a  l i n e  drawn s o u t h e a s t e r l y  t o  a  p o i n t  3800 y a r d s  s o u t h  of Middle 
Ground L i g h t  a l o n g  a  l i n e  drawn from Middle Ground Ligh t  t o  t h e  i n t e r s e c -  
t i o n  of Twin P ines  Road and R i v e r  Shore Road on t h e  s o u t h  shore  west 
o f  Craney I s l a n d  Disposal  Area; thence  s o u t h e r l y  a l o n g  t h i s  l i n e  t o  
t h e  s h o r e ;  thence a long  t h e  s h o r e  t o  t h e  w e s t  s i d e  of Craney I s l a n d ;  
t h e n c e  c lockwise  around t h e  boundar ies  of Craney I s l a n d  Disposa l  Area 
t o  i t s  i n t e r s e c t i o n  wi th  t h e  s h o r e ;  thence  a l o n g  t h e  s h o r e  t o  t h e  
n o r t h e a s t  c o r n e r  of Craney I s l a n d ;  thence  a c r o s s  t h e  E l i z a b e t h  River t o  
p i e r  number 6 a t  Lamberts P o i n t ;  thence  t h r o u g h  n a v i g a t i o n a l  a i d  F1 R "2" 
t o  t h e  s o u t h e a s t  corner  of Tanner P o i n t ;  t h e n c e  a l o n g  t h e  s h o r e  t o  t h e  
p o i n t  of i n t e r s e c t i o n  w i t h  t h e  e a s t e r n  s i d e  of t h e  s o u t h e r n  end of t h e  



westbound Hampton Roads Bridge-Tunnel on Willoughby S p i t ;  thence n o r t h e r l y  
a l o n g  t h e  e a s t e r n  s i d e  of t h i s  b r i d s e  t o  t h e  p o i n t  of i n t e r s e c t i o n  wi th  
t h e  r i p r a p p e d  s h o r e l i n e  of t h e  Hampton Roads Bridge-Tunnel i s l a n d  a t  
F o r t  Wool; thence e a s t e r l y  around t h i s  i s l a n d  t o  i t s  eas te rnmos t  p o i n t ;  
t h e n c e  n o r t h  n o r t h w e s t e r l y  t o  t h e  i n t e r s e c t i o n  of t h e  s h o r e l i n e  and 
t h e  ups t ream s i d e  of t h e  l a r g e  f i s h i n g  p i e r  on t h e  e a s t  s i d e  of Old 
P o i n t  Comfort a t  t h e  p o i n t  of beginning.  

B. The condemned a r e a s  s h a l l  i n c l u d e  a l l  of t h e  E l i z a b e t h  River  and i t s  
t r i b u t a r i e s  and a l l  of t h e  L a f a y e t t e  R i v e r  and i t s  t r i b u t a r i e s  l y i n g  
ups t ream of a  l i n e  drawn from t h e  n o r t h e a s t  c o r n e r  of Craney I s l a n d  
t o  t h e  shoreward end of p i e r  number 6 a t  Lamberts P o i n t ;  and thence 
th rough  n a v i g a t i o n a l  a i d  F1 R  "2" t o  t h e  s o u t h e a s t  c o r n e r  of Tanner 
P o i n t .  No s h e l l f i s h  may be h a r v e s t e d  f rom t h e s e  a r e a s  f o r  any purpose . 

Recommended by: 
D i r e c t o r /  D i v i s i o n  of She l f i s h  S a n i t a t i o n  

Ordered by: 
S t a t e  Hc ?altFi Commissioner VJ Date 
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C.M G BUTTERY. M . 0  
COMMISSIONER 

COLMMONWEALTH of VIRGINIA 
Department of Health 
Richmond, Virginia 23219 - 

NOTICE AND DESCRIPTION OF SHELLFISH AREA CONDEMNATION 
NDMBER 21, BACK RIVER 

EFFECTIVE 22 AUGUST 1990 

Pursuant to Title 28.1, Chapter 7, SS28.1-175 through 28.1-177, 
532.1-20, and §9-6.14:4.1 B16 of the Code of ~irginia: 

The I8Notice and ~escription of Shellfish Area Condemnation 
Number 21, Back Rivern, effective 27 April 1989, is cancelled 
effective 22 August 1990. 

Condemned Shellfish Area Number 21, Back River, is 
established, effective 22 August 1990. It shall be unlawful 
for any person, firm, or corporation to take shellfish from 
area 821 for any purpose, except by permit granted by the 
Marine Resources Commission, as provided in Section 28.1-179 
of the Code of Virginia. The boundaries of the area are shown 
on map titled "Back River, Condemned shellfish Area Number 21, 
22 August 1990" which is a part of this notice. 

The Department of health will receive, consider and respond 
to petitions by any interested person at any time with respect 
to reconsideration or revision of this order. 

BOUNDARIES OF CONDEMNED AREA HUMBER 21 

The condemned area shall include all of that portion of Watts 
Creek and its tributaries lying upstream of a line drawn from 
Marine Resources Commission survey marker "Wattt8 in a 
northwesterly direction to the southernmost tip of the 
prominent point of land on the opposite shore. 

The condemned area shall include all of that portion of 
Topping Creek upstream of a line drawn from triangulation 
station "Topping8* on the eastern shore at the mouth of the 
creek in a west by northwesterly direction to the 
southeasternmost point of land on the opposite shore. 



The condemned area shall include all of that portion of Cedar 
Creek upstream of a line drawn from the easternmost end of 
Cedar Point due north to the opposite shore. 

The condemned area shall include all of that portion of the 
Northwest Branch of Back River and its tributaries lying 
upstream of a line drawn from a point 1600 feet upstream from 
Marsh Point due north to the opposite shore. 

The Condemned area shall include all of that portion of Tabbs 
Creek upstream of a line drawn from triangulation station 
"Tabbl' on the eastern shore at the mouth of the creek due west 
to the opposing shore. 

The condemned area shall include all of that portion of the 
Southwest Branch of Back River and its tributaries lying 
upstream of a line drawn from a point 200 feet upstream of 
triangulation station "Grassu due west to the opposing shore. 

The condemned area shall include all of that portion of the 
Harris River and its tributaries lying upstream of a line 
drawn from Marine Resources Commission survey marker 
"Wendenberg" in a northeasterly direction to Marine Resources 
Commission survey marker "Johnson on the opposite shore. 

The condemned area shall include all of an unnamed inlet off 
of the south shore of Back River within 300 feet in all 
directions from the midpoint of a line across the mouth of the 
inlet. 

The condemned area shall include all of that portion of 
Wallace Creek and its tributaries lying upstream of a line 
drawn from the northeasternmost tip of the prominent point of 
land on the western shore of the mouth of Wallace Creek north 
to the westernmost point of land of the small island north of 
Wallace Creek; thence along the offshore side of the island 
to its northeasternmost end; thence to the tip of the 
westernmost point of land on the downstream shore of the 
creek. 

Recommended by: 
Sanitation 

n 

Ordered by: Auqust 22. 1990 
Date 
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C M G BUTTERY. M D 
COMMISSIONER 

COMMONWEALTH of YIRSINIA 
Depurtmnt of Health 
Richmond, Virginia 23219 

NOTICE AND DESCRIPTION OF SHELLFISH AREA CONDEMNATION 
NUMBER 158, BACK RIVER: LONG AND GRUNLAND CREEKS 

EFFECTIVE 7 SEPTEMBER 1990 

Pursuant to Title 28.1, Chapter 7,. SS28.1-175 through 28.1-177, 
s32.1-20, and §9-6.14:4.1 B16 of the Code of Virginia: 

1. The "Notice and Description of Shellfish area Condemnation 
Number 158, Back River: Long and Grunland Creeks1', effective 
22 August 1990, is cancelled effective 7 September 1990. 

I 

2. Condemned Shellfish Area Number 158, Back River: Long and 
Grunland Creeks, is established, effective 7 September 1990. 
It shall be unlawful for any person, firm, or corporation to 
take shellfish from area PI58 for any purpose, except by 
permit granted by the Marine Resources Commission, as provided 
in section 28.1-179 of the Code of Virginia. The boundaries 
of the area are shown on map titled "Back River: Long and 
Grunland Creeks, Condemned Shellfish Area Number 158, 7 
September 1990" which is a part of this notice. 

3 .  The Department of Health will receive, consider and respond 
to petitions by any interested person at any time with respect 
to reconsideration or revision of this order. 

BOUNDARIES 08 CONDEMNED AREA NU24BE.R 158 

A. The condemned area shall include all of that portion of Long 
Creek and its tributaries lying upstream of a line drawn 
across Long Creek in a due east-west direction across the 
southernmost tip of the first small island upstream of Flood 
Hole. 

B. The condemned area shall include all of that portion of the 
salt ponds (headwaters of Long Creek) and its tributaries 
upstream of a line drawn across the mouth at its confluence 
with the Chesapeake Bay. 



C. The condemned area shall include all of that portion of 
Grunland Creek and its tributaries lying upstream of a line 
drawn across Grunland Creek in an east-west direction at a 
location 3700 feet north of Beach Road where it crosses 
Grunland Creek. 

Recommended by: 
llfish Sanitation 

Ordered by: Se~tember 7, 1990 
s e e  Health ~ommissiohr Date 
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ATLAS OF 

NAII'JONAL WETLANDS INVENTORY MAPS 

CHESAPEAKE BAY 

Volume I o f  I V  

COASTAL P1.A I N  VIRGINIA--WESTERN SHORE 

N a t i o n a l  Wet l ands  I n v e n t o r y  
Region  5 ,  U .  S .  F i s h  and W i l d l i f e  S e r v i c e  

One Gateway C e n t e r ,  S u i t e  700 
Newton C o r n e r ,  M a s s a c h u s e t t s  02158 

and 

A n n a p o l i s  F i e l d  O f f i c e  
U. S. F i s h  and W i l d l i f e  S e r v i c e  

1825 V i r g i n i a  S t r e e t  
A n n a p o l i s ,  Maryland 21401 

September  1986 



HOW TO USE THIS ATLAS 

The A t l a s  c o n t a i n s  r e d u c t i o n s  o f  a l l  1:24,000 ~ a t i o b l  Wetlands Inven tory  
maps. Maps appear  i n  a l p h a b e t i c a l  o r d e r .  Map names can be l o c a t e d  on t h e  
index map (Figure  2). Each map shows t h e  c o n f i g u r a t i o n ,  l o c a t i o n  and type  
of we t lands  and deepwater  h a b i t a t s  found w i t h i n  a g iven a rea .  

i 

WETLAND LEGEND 

Wetland d a t a  a r e  d i s p l a y e d  on  maps by a s e r i e s  o f  l e t t e r s  and numbers 
(alpha-numerics).  Mixing o f  c l a s s e s  and s u b c l a s s e s  a r e  represen ted  by a 
d iagona l  l i n e .  The more common symbols a r e  shown below; uncommon symbols 
have been o m i t t e d  f o r  s i m p l i c i t y . .  For i d e n t i f y i n g  t h e s e  la t ter  symbols, 
t h e  r e a d e r  must r e f e r  t o  an a c t u a l  N W I  map legend. 

SYMBOLOGY 

Systems and Subsystems: 

M 1 = Marine S u b t i d a l  
M 2 = Marine I n t e r t i d a l  
E 1 = E s t u a r i n e  S u b t i d a l  
E 2 = E s t u a r i n e  I n t e r t i d a l  
R 1 = R i v e r i n e  T i d a l  
R 2 = River  i n e  Lower P e r e n n i a l  

C l a s s e s  and Subc lasses :  

Aqua t ic  Bed 
Beach/Bar 
Emergent Wetland, 
Emergent Wetland, 
Emerg en t Wet l a n d ,  
F l a t  
Fores ted  Wet l and ,  
F o r e s t e d  Wetland, 
F o r e s t e d  Wet l a n d ,  

R 3 = R i v e r i n e  Upper P e r e n n i a l  
R 4 = R i v e r i n e  I n t e r m i t t e n t  
L 1 = L a c u s t r i n e  Limnet ic  
L 2 = L a c u s t r i n e  L i t t o r a l  
P = P a l u s t r i n e  
U = Upland 

P e r s i s t e n t  
Nonpe rs i s  t en t  
Narrow- leaved Pers  i s t e n t  

Broad- leaved Deciduous 
Needle- l eaved  Deciduous 
Needle- leaved Evergreen 

OW = Open Water/Unknown Bottom 
SS 1 = Scrub-Shrub W e t  l a n d ,  Broad-leaved Deciduous 
SS3 = Scrub-Shrub Wetland,  Broad-leaved Evergreen 
SS4 = Scrub-Shrub W e t  l a n d ,  Needle-leaved Evergreen 
UB = Unconsol idated Bottom 



Water Regimes: 

TIDAL - 
L = Sub t  i d a l  
M = I r r e g u l a r l y  Exposed 
N = R e g u l a r l y  F looded 
P  = I r r e g u l a r l y  Flooded 
R = S e a s o n a l l y  F looded-T ida l  
V = Permanen t ly  F looded-T ida l  

NONTIDAL 

A = T e m p o r a r i l y  Flooded 
C = S e a s o n a l l y  Flooded 
E = S e a s o n a l l y  F looded-Sa tu ra t ed  
F  = Semipermanent  l y  ;Flooded 
H = Permanen t ly  Flooded 
K = A r t i f i c i a l l y  Flooded 
Z = Permanen t ly  F looded1 

I n t e r m i t t e n t l y  Exposed 

Examples : 

Alpha-numer i c s  

E2EM5P6d = E s t u a r i n e  ( E )  SYSTEM 
I n t e r t i d a l  ( 2 )  SUBSYSTEM 
Emergent W e t  l and  (EM) CLASS 
Narrow Leaved P e r s i s  t e n t  ( 5 )  SUBCLASS 
I r r e g u l a r l y  F looded ( P )  WATER REGIME 
O l i g o h a l i n e  ( 6 )  WATER CHEMISTRY 
D i t c h e d  ( d l  SPECIAL MODIFIER 

E2FM = E s t u a r i n e  ( E ) ,  I n t e r t i d a l  ( 2 1 ,  F l a t  (FL), R e g u l a r l y  F looded ( N )  

PFO 1 E = P a l u s  t r i n e  (PI, F o r e s t e d  Wet l a n d  (FO), Broad- l e a v e d  Deciduous 
(11 ,  S e a s o n a l l y  F l o o d e d - S a t u r a t e d  ( E )  

PEM/OWH = P a l u s t r i n e  ( P ) ,  Emergent Wet l a n d l o p e n  Water (EM/OW), 
Pe rmanen t ly  F looded ( H )  

PFOISSIA = P a l u s t r i n e  ( P I ,  F o r e s t e d  W e t  l a n d / S c r u b - s h r u b  Wet land  (FOISS) ,  
Broad- leaved Deciduous  (11, T e m p o r a r i l y  F looded  (A) 



F i g u r e  2 ? l a p  i n d e x  f o r  V i r g i n i a  C o a s t a l  P l a i n ,  \ ; T e s t e r n  S h o r e  



NATIONAL WETLANDS INVENTORY 
UNITED STATES DEPARTMENT OF THE INTERIOR 



NATIONAL WETLANDS IYVENTORY 
UNITED STATES DEPbRTHP(T OF THE INTERIOR 



NATIONAL WETLANDS INVENTORY 
UNlTEO S T A I E S  D E P A A ~ M E N T  OF THE lNTERlOR 
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CAPE *Elm, C 



NATIONAL WETLANDS INVENTORY 
UNITED STATES DEPARTMENT OF THE INTERlOR 
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CITY OF NORFOLK 
TIDAL MARSH INVENTORY 

Special Report No. 28 1 in Applied Marine Science and Ocean Engineering 

Gene M. Silberhorn and Walter I. Priest, I11 

Gene M. Silberhorn, Project Leader 

VIRGINIA INSTITUTE OF MARINE SCIENCE 
School of Marine Science 

College of William and Mary 
Gloucester Point, Virginia 23062 

Dr. Frank 0. Perkins, DeanJDirector 

FEBRUARY 1987 
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SECTION I 

LITTLE CHEEK 

The Little Creek estuary is shared by the cities of Norfolk and Virginia Beach. Much of the Virginia Beach section ' 
of the waterway is occupied by the Little Creek Amphibious Base (U.S. Navy) and has been greatly modified for vessel 
mooring and related functions. 

The Norfolk branch of the estuary is less developed and supports a larger marsh system (25 individual marshes 
totaling over 127 acres). A large portion (101.8 acres) of these marshes is intertidal saltmarsh cordgrass (Spurtinu 
alterniflora) wetlands. The largest single marsh (#lo) is found at the upper end of the Creek with 87 acres, dominated by 
Spartina alterniforu. This is also the largest single marsh in the City of Norfolk. Most of the marshes in Little Creek, 
however, are much smaller, ranging in area from .25 to 13.00 acres. 

As one would expect in an urban area, shoreline modifications have altered some of the marshes through 
bulkheading, filling and channelization. 



\ 
I \SECTION I. LITTLE CREEK I 

i CHESAPEAKE BA Y I 
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SCALE 1 : 24.000 

BROOKFIELD CEAN VIEW 

NORTH CAMELLIA 



Sc Pa Others 

Observations 

pofket marsh 
- 

fringe marsh 

Fringe marsh 

mckel marsh. old apoil ba 
Sa = Saltmarsh Cordgrass 
Jr = Black Needlerush 
Md = Saltgrass Meadow 
Sb = Saltbushes 
Sc = Big Cordgrass 
Pa = Reed Grass 
a = Cattatls 
b = Saltmarsh Fimbristylis 
c = Giant Foxtail Grass 
d = Marsh-fleabane 
e = Marsh Mallow 
f = Orach 
g = Saltmarsh Aster 
h = Sea Oxeye 
i = Switch Grass 
j = Water Dock 
k = Waer Hemp 



tion I: Little Creek 
I I I I I I I 

Sa = Saltmarsh Cordgrass 
Jr = Black Needlerush 
Md = Saltgrass Meadow 
Sb = Saltbushes 
Sc = Big Cordgrass 
Pa = Reed Grass 
a = Cattails 
b = Saltmarsh Fimbristylis 
c = Giant Foxtail Grass 
d = Marsh-fleabane 
e = Marsh Mallow 
f = Orach 
g = Saltmarsh Aster 
h = Sea Oxeye 
i = Switch Grass 
j = Water Dock 
k = Water Hemp 



C Y OF VIRGINIA BEACH 
MARSH INVENTORY 

Volume 2. Lynnhaven River, Lake Rudee and Their Tributaries 
Special Report No. 217 in Applied Marine Science and Ocean Engineering 

Thomas A. Barnard,Jr. and Damon G. Doumlele 
G.M. Silberhorn, Project Leader 

VIRGINIA INSTITUTE OF MARINE SCIENCE, 
SCHOOL OF MARINE SCIENCE, COLLEGE OF 

WILLIAM AND MARY 
Gloucester Point, Virginia 23062 

Dr. William J. Hargis, Jr., Director 
JUNE 1979 
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Sect ion I11 

Lynnhaven River ,  East e rn  Branch 

This sec t ion  contains  about one h a l f  of t h e  marshes and over 
one t h i r d  of  t h e  t o t a l  marsh acreage of t h i s  inventory.  Most of t h e  
marshes along t h i s  mostly r e s i d e n t i a l  shore l ine  a r e  small pockets 
and f r i n g e s  composed l a r g e l y  of sal tmarsh cordgrass .  These f r i n g e s  
a r e  important d e t e r r e n t s  t o  erosion by boat wakes and a l s o  funct ion  
a s  h a b i t a t ,  upland runoff f i l t e r s  and d e t r i t u s  producers.  

The upper por t ion  of Wolfsnare Creek (No. 219B) i s  unique i n  
t h a t  it contains  t h e  only freshwater  mixed (Type XI) marsh i n  t h e  
area  descr ibed i n  t h i s  pub l i ca t ion .  





SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH 

Sa = Sal tmarsh  Cordgrass  a  = Sal tmarsh  Bulrush f  = Water Hemp 
J r  = Black Needlerush b  = Sal tmarsh  Fleabane g  = Switch Grass  
Md = S a l t g r a s s  Meadow c  = Sal tmarsh  As te r  h  = F o x t a i l  Grass  
Sb = S a l t b u s h e s  d  - C a t t a i l  i = Arrow Arum 
Sc = Big Cordgrass  e  = Marsh Hib i scus  j = P i c k e r e l  Weed 

k = Reed Grass  p  * Wild Rice 
1  = Olney Threesquare q  = Sea Lavender 
m = Marsh Mallow r  = Marsh Pink 
n  = Sal tmarsh  L o o s e s t r i f e  s  = S a l t w o r t  
o  = Smartweed t = Yellow Pond-l i ly  

Sa Jr Md S  b  S  c  OTHER 
# PUCE NAME ACRES % ACRES % ACRES Z ACRES % ACRES % ACRES X A C R E S  

102 Lynnhaven I n l e t  5.0 90 4.5 10 0.5 nssoc 4 
- -.---- 

103 Long Creek 10 0.05 - 

OBSERVAl IONS 

Low marsh i s l a n d  w i t h  seaoxeya  
a l s o  a r e s e n t .  

S p i t  marsh. Also c o n t a i n s  
sc-tbush. 

Marsh i s l a n d  wi th  some s a l t -  
bush.  

F r inge  marsh. 

Two marsh i s l a n d s  wi th  s e a  
oxeye and swi tch  Rrass .  

F r i n g e  marsh a t  head of  
cana l .  

Broad f r i n g e  and s p i t  marsh. 

Low marsh i s l a n d  w i t h  s e a  
oxeye a l s o  P r e s e n t .  
S c a t t e r e d  a s t e r ,  s a l t w o r t ,  
pan ic  g r a s s  and s e a  l a v e n d e r .  

Pocket  marsh. 

F r inge  marsh. 

F r inge  marsh. 

F r inge  marsh. 

Pocket  marsh. 

105 

106 

107 

108 

109 

110 

111 

112 

114 

115 

MARSH 
TYPE 

I 

I 

I 

I 

I 

I 

I 

I 

I 

11 

I 

I 

I 

I 

Long Creek 

Long Creek 

Long Creek 

Lynnhaven Bay 

Lynnhaven Bay 

3 r e a t  Neck P o i n t  

; r ea t  Neck P o i n t  

J r e a t  Neck P o i n t  

1 1 3 : r e a t N e c k P o i n t  

J r e a t  Neck P o i n t  

: r ea t  Neck P o i n t  

0.25 

0.25 

0.5 

0.5 

2.6 

1.0 

0.5 

0.25 

0.5 

0.25 

0.5 

60 

90 

100 

50 

90 

90 

20 

80 

80 

80 

100 

0.15 

0.23 

0.5 

0.25 

2.34 

0.9 

0.1 

0.2 

0.4 

0.2 

0.5 

a s s o c  

30 

10 

30 

s s o c .  

7 0 

20 

20 

20 

I ~ S S O C .  

0.08 

0.02 

0.15 

0.35 

0.05 

0.1 

0.05 

assoc 

1 6 8 0 ~  

i s s o c  

~ S S O C  

10 

20 

10 

10 

10 

Sea oxeye 
0.02 

Sea oxeye 
0.1 

C 
0.26 

Sea oxeye 
0.1 

Sea oxeye 
0.05 



SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH 

# 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

129 

J r  = Black Needlerush b  = Sal tmarsh  Fleabane g  = Switch Grass  1  = Olney Threesquare  q  = Sea Lavender 
~d  = S a l t g r a s s  Meadow c  = Sal tmarsh  A s t e r  h  = F o x t a i l  Grass  m = Marsh Mallow r  = Marsh Pink 
Sb = S a l t b u s h e s  d  = C a t c a l l  1 = Arrow Arum n  - Sal tmarsh  L o o s e s t r i f e  s  = S a l t w o r t  
Sc = B L ~  Cordgrass  e  = Marsh H ~ b i s c u s  J = P i c k e r e l  Weed o = Smartweed t =  ello ow Pond-l i ly  

PLACE NME 

G r e a t  Neck P o i n t  

Grea t  Neck P o i n t  

G r e a t  Neck P o i n t  

Keel ing Dra in  

Kee l ing  Dra in  

Kee l ing  Dra in  

Kee l ing  Dra in  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

1 2 8 1 , y n n h a v e n R i v e r  

Lynnhaven River  

S a  = S a l t m a r s h  

ACRES 

0.25 

0 . 5  

1.0 

1.0 

0.8 

2 . 8  

4.9 

0.25 

0.25 

0 . 5  

0 . 5  

0.25 

0.6 

1 .0  

Cordgrass  

Sa J r  Md 
ACRES 

-- 

0.1 

0.1 

f = 

Sb 
% ACRES % ACRES % 

100 0.25 

% 

~ S S O C  

a s s o c .  

~ S S O C  

10 

5  

10 

Water 

-- 

100 

8 0  

100 

90 

100 

100 

100 

100 

100 

100 

100 

90  

80 

ACRES 

0.08 

0 .03  

0 . 1  

Hemp 

Sc 
% 

0 . 5  

0 .8  

1.0 

0.72 

2.8 

4.9 

0.25 

0 .25  

0 . 5  

0.5 

0 . 2 5  

0.54 

0 . 8  

a  = 

ACRES 

k  a 

OTHER 
OBSERVATIONS 

F r i n g e  marsh 

Marsh i s l a n d  

Old s p o i l  on marsh i s l a n d ;  s e a  
oxeve a l s o  p r e s e n t  

Broad f r i n g e  wi th  s e a  oxeye 

Some marsh p r e v i o u s l y  f i l l e d .  
Sea oxeve p r e s e n t  i n  marsh 

Marsh i s l a n d  has  some b r a c k i s h  
marsh s p e c i e s  p r e s e n t  

Marsh i s l a n d  w i t h  s p a r s e l y  
s c a t t e r e d  b r a c k i s h w a t e r  q e c i e s  

Marsh i s l a n d  w i t h  o l d  s p o i l  i n  
9 p a  -"P 

2  marsh i s l a n d s  

F r i n g e  marsh wi th  s c a t t e r e d  
s a l t b u s h  and a s t e r  

Pocket  marsh 

Marsh f r i n g e  averages  f i v e  
f e e t  wide 

Marsh i s l a n d  w i t h  s c a t t e r e d  
s e a  oxeye a l s o  

Pocket  and s p i t  marsh wi th  
a s t e r  and s e a  oxeve 

p  = Wild Rice 

% 

10 

~ S S O C  

Reed 

: ~ s s o c .  

a s s o c  

5  

S a l t m a r s h  

i 
MARSH 

TYPE 

I 

I  

- 

I 

I 

I 

I 

I  

I 

I 

I  

I  

I 

I  

ACRES 

c ' k * q  
0 .1  

c 

Grass 

0.03 

Bul rush  

10 

a s s o c  

10 



SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH 

Sa = Saltmar,sh Cordgrass a = Saltmarsh Bulrush f = Water Hemp 
Jr - Black Needlerush b = Saltmarsh Fleabane g - Switch Grass 
Md = Saltgrass Meadow c = Saltmarsh Aster h Foxtail Grass 
Sb = Saltbushes d = Cattail i = Arrow Arum 
Sc = Big Cordgrass e = Marsh Hibiscus j = Pickerel Weed 

IER 
ACRES 

Sea oxeye 
0.2 

I OBSERVATIONS 

Fringe marsh averaging 8 feet 
wide. Saltbush 6 sea oxeye 

Cove marsh. Some needlerush 

Fringe marsh with some salt- 
bush in hiaher areas 

Fringe marsh with some salt- 
bush in higher areas 

Fringe and spit marsh with 
ter present 

Fringe marsh 

Fringe marsh 

Fringe and pocket marsh 

Pocket marsh 

Broad fringe with scattered 
saltmarsh aster 

Fringe marsh 

Fringe marsh 

Fringe marsh 

Fringe marsh 

k = Reed Grass p = Wild Rice 
1 - Olney Threesquare q = Sea Lavender 
m - Marsh Mallow r = Marsh Pink 
n = Saltmarsh Loosestrife s = Saltwort 
o Smartweed t = Yellow Pond-lily 



SECTION 111.  LYNNHAVEN RIVER, EASTERN BRANCH 

144 [Brock Cove 

# 

145 I Brock Cove 

PLACE NANE 

152 Lynnhaven River  -l---- 

146 

147 

148 

149 

150 

15 1 

153 ILynnhaven River  
I 

Brock Cove 

Lynnhaven River  

Gynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

154 Lynnhaven River  --I---- 
156 Lynnhaven River  I 
155 

157 11,~nnhaven River  

Lynnhaven River  

ACRES 

S a  = S a l t m a r s h  Cordgrass  
J r  = Black Needlerush 
Md = S a l t g r a s s  Meadow 
Sb = S a l t b u s h e s  
Sc = Big Cordgrass  

0 .02  10 0 .02  Cove marsh I 

0 .05 10 0.05 Cove marsh I 

0 . 1  5 0 .02 5 0 .02  Broad f r i n g e  averages  10 f e e t  
wide wi th  s e a  oxeye I 

Pocket marsh wi th  s a l t b u s h  
and meadow i n  h igher  p a r t s  I 

a s s o c  d Pocket  marsh I 
I 

I I I I 1 

0.  I 10 0 . 0 5  F r i n g e  and p o i n t  marsh I 

0 .08  a s s o c  ~ S S O C  
F r i n g e  and pocket  marsh wi th  
s e a  oxeye a l s o  p r e s e n t  I - 

30 0 .72  10 0.24 a s s o c  d , q  Cove marsh 

0 .02  10 0 .02  Fr inge  marsh qverages 10 f e e t  
wide, a s t e r  and s e a  oxeye p-esent 

0 .02  10 0 .02  F r i n g e  marsh wi th  s c a t t e r e d  
a s t e r  and s e a  oxeye 

a = Sal tmarsh  Bulrush f = Water Hemp 
b = Sal tmarsh  Fleabane g = Swi tch  Grass  
c = Sal tmarsh  As te r  h = F o x t a i l  Grass  
d = C a t t a i l  i - Arrow Arum 
e = Marsh H i b i s c u s  j = P i c k e r e l  Weed 

k = Reed Grass  p = Wild Rice 
1 = Olney Threesquare  q = Sea Lavender 
m = Marsh Mallow r = Marsh Pink 
n - Sal tmarsh  L o o s e s t r i f e  s = S a l t w o r t  
o - Smartweed t - Yellow Pond- l i ly  



SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH I 

# - 
158 

159 

160 

161 

162 

163 

164 

165 

1 166 

167 

168 

169 

170 

171 

J r  = Black Needlerush b - Sal tmarsh  Fleabane g = Switch Grass  1 = Olney Threesquare q = Sea Lavender 
Md = S a l t g r a s s  Meadow c = Sal tmarsh  As te r  h - F o x t a i l  Grabs m - Marah Mallow r = Marsh Pink 
Sb = S a l t b u s h e s  d = C a t t a i l  i = Arrow Arum n = Saltmarsh L o o s e s t r i f e  S = S a l t w o r t  
Sc = Big Cordgrass  e = Marsh Hib i scus  J = P i c k e r e l  Weed o = Smartweed t = Yellow Pond-l i ly  

Sa 
PLACE NAME ACRES % ACRES 

Lynnhaven River  -- 
Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Lynnhaven River  

Sa = Saltmdrsh 

J r  
% 

40 
--- 

20 

10 

20 

10 

a s s o c  

5 

10 

30 

20 

Sa l tmarsh  

0.5 

0.75 

0.25 

3.0 

0.25 

0.5 

0.75 

7.1 

1.0 

0.25 

0 . 5  

0.25 

0.5 

Cordgrass  

ACRES 

0 . 1  
- 

0.1 

0.02 

0 .6  

0.08 

0.05 

0.05 

0.08 

0.1 

Bulrush 

Md 
% 

10 

30 

10 

5 

30 

50 

80 

40 

60 

100 

100 

90 

90 

90 

100 

60 

70 

80 

ACRES 

0.05 

0.08 

0 . 3  

0.05 

0.15 

f = 

Sb 

0.12 

0.25 

0.6 

0.1 

1.8 

0 .25  

0 . 5  

0.68 

6.39 

0.9 

0 . 2 5  

0 .3  

0.18 

0.4 

a = 

% 

10 

10 

10 

20 

10 

a s s o c  

a s s o c  

Water 

ACRES 

0.02 

0.05 

0 .08  

0.05 

0 .3  

I 
Hemp 

S c 
% 1 MARSH 

OBSERVATIONS TYPE 

F r i n g e  marsh averages  10 f e e t  
wide. A s t e r ,  s e a  oxeye 

I 

P o i n t  marsh and f r i n g e  I 

omp-- 
P o i n t  marsh and f r i n g e  , I 

F r inge  marsh X I l  

Broad f r i n g e  and s p i r  wi th  o l d  
I s p o i l  i n  c e n t e r  

Fr inge  marsh and s p i t  wi th  
s a l t b u s h  i n  h igher  a r e a s  I 

Pocket marsh wi th  s a l t b u s h  
a long  upland margin. I 

Pocket and f r i n g e  w i t h  s c a t -  
t e r e d  s a l t b u s h  and s e a  oxeye I 

Extens ive  pocket  marsh I 

Pocket  marsh w i t h  s c a t t e r e d  
s a l t b u s h  and a s t e r  I 

Marsh i s l a n d  i 

Pocket  and f r i n g e  w i t h  
s c a t t e r e d  s a l t b u s h  I 

F r inge  and i s l a n d  w i t h  o l d  
s p o i l  a t  e a s t  end I 

Fr inge  and s p i t  marsh wi th  
s e a  oxeye I 

p = Wild Rice 

ACRES 

k = 

OTHER 
X 

10 

10 

10 

Reed Grass  

ACRES 

Sea oxeye 
0.05 

>ea 
0.08 

c , d  
0.71 

4 



SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH 

PLACE NAME 

1 I I I I 
Lynnhaven River  0.35 50 

Avery I s l a n d  0.37 50 0.19 

Avery I s l a n d  1.2 20 0 . 4  

I I 1 1 
Shorehaven 

I I I 
Shorehaven 0.75 80 0.6 20 0.15 

Shorehaven 0.75 60 0 .45  30 0.22 

Shorehaven 0 . 7 5  90 0.68 10 0 .08  

Shorehaven 0 . 2 5  100 0 .25  

I I I I I 
Shorehaven 0.25 100 0.25 

Shorehaven 0 .25  100 0.25 

Shorehaven 1 0 . 5  100 0.5 

Shorehaven 8.2 70 5.74 10 0 .82  

Hog Pen Neck 0 . 5  90 0 . 4 5  10 0 . 0 5  

Hog Pen Neck 1 . 0  70 0 .7  30 0 .3  

Sa = Sal tmarsh  Cordgrass  a  = Sal tmarsh  Bul rush  

S S O C  B S S O C  Pocket  marsh and f r i n g e  I 

Pocket  marsh I 

Fr inge  marsh wi th  Sb l i n e  I 

P o i n t  marsh wi th  s c a t t e r e d  J r ,  
Sb and s e a  oxeye I ----- 
Pocket  marsh wi th  dredged 
b o a t  s l i p  c u t  i n  I 

Pocket  marsh w i t h  s c a t t e r e d  
n e e d l e r u s h ,  s a l t b u s h  and meadow I 

k , c , d , f  
10 0 .82  assoc 10 0.82 Channel ized c r e e k  marsh I 

Channel ized cove marsh I 

Cove marsh I 

f = Water Hemp k = Reed Grass  p - Wild Rice 
J r  = Dlack Needlerush b = Sal tmarsh  Fleabane g = Switch Grass  
Md = S a l t g r a s s  Meadow c = Sal tmarsh  A s t e r  h  = F o x t a i l  Grass  
Sb  = S a l t b u s h e s  d = C a t t a i l  i = Arrow Arum 
Sc = Rig Cordgrass  e  = Marsh Hib i scus  j = P i c k e r e l  Weed 

1 Olney Threesquare  q = Sea Lavender 
m = Marsh Mallow r  = Marsh Pink 
n = Sal tmarsh  L o o s e s t r i f e  s  = S a l t w o r t  
o  .; Smartweed t = yel low Pond-l i ly  



SECTION 111. LYNNIAVEN RIVER, EASTERN BRANCH 

283 E a s t e r n  Branch 
L nnhaven River  

284 E a s t e r n  Branch 4 . 8  80 3.84 
Lynnhaven River  

285 E a s t e r n  Branch 0.25 90 0.23 
Lynnhaven River  

1 286 1 E a s t e r n  Branch 
Lvnnhaven River  

I 6 .6  I 60 I 3.96 

1 287 /sandy P o i n t  1 0 .251  80 1 0 .2  

( 288 (sandy P o i n t  1 1 .4  1 80 1 1.12 

1 1 1 0 . 2 5 1 : 1 /  1:; 289 Sandy P o i n t  

290 Sandy P o i n t  0 . 2 5  

I I I I 

294 Sandy P o i n t  0 . 2 5  90 0 .23  

J r  Md -...-.. 
I E W O n  

% ACRES % ACRES % ACRES OBSERVATIONS TYPE 

4 0 1  O . l I l 0  ) 0 . 0 2 ( 1 0 )  0 . 0 2 1  I I I C  I Fr inge  marsh averages  20 
f e e t  wide I I 

10 1 0.48 1 10 1 0.48 k s s o c l  I I I I c k o v e  marsh 1 1 1  
10 0 . 0 2  a s s o c  Pocket marsh I 

I 

20 1 . 3 2  20 L .32 ilssoc Cove marsh I  

10 0.02 a s s o c  10 0.02 Pocket marsh I 

10 0.14 a s s o c  10 0.14 Pocket marsh I 

20 0.05 Pocket  marsh 
I I I I I 1 I I I 1 I 

50 0 .12  10 0.02 P o i n t  marsh 111 

s a  = Sal tmarsh  Cordgrass  a  = S a l t m a r s h  Bulrush f  = Water Hemp 
J r  = Black Needlerush b = Sal tmarsh  F leabane  g = Swi tch  G r a s s  
~d = S a l t g r a s s  Meadow c = Sal tmarsh  A s t e r  h  = F o x t a i l  Grass  
Sb = S a l t b u s h e s  d = C a t t a i l  i = Arrow Arum 
Sc = Rig Cordgrass  e  = Marsh Hib i scus  j = P i c k e r e l  Weed 

k = Reed Grass  p = Wild Rice 
1 Olney Threesquare  q = Sea Lavender 
m * Marsh Mallow r = Marsh Pink 
n = Sal tmarsh  L o o s e s t r i f e  a  = S a l t w o r t  
o  = Smartweed t = Yellow Pond-l i ly  



SECTION 111. LYNNHAVEN RIVER, EASTERN BRANCH 

# PLACE NAME 

297 Sandy Point  

298 Poorhouse 
Cove 

299 Poorhouse 
Cove 

300 Poorhouse 
Cove 

301 Mapps Poin t  

ACRES 

0.25 

Point  

305 Dix Creek I 
306 1Dix Creek 

307 IKeeling Cove 

OTRER HAP98 
% ACRES OBSERVATIONS TYPE 

1 0  1 0.021  1 0 1  0 . 0 2 1  ( I k o i n t  marsh and f r i n g e  I I 

I I I I I I I I I 
as80 20 0.36 d , k  ove marsh I 

10 0.19 10 0.19 Poin t  marsh I 

30 0 .78  assoc Point  marsh I 

10 0 . 1  assoc Fr inge  marsh I 

l ~ o c k e t  marsh 

60 0.15 assoc 30 0.08 10 0.02 Fr inge  marsh I 

80 0.2 assoc 2 0 0 .05  assoc  Sea oxgye Cove marsh I 

50 1.25 30 0.75 10 0.25 Sea oxeye S p i t  marsh a l s o  c o n t a i n s  a s t e r ,  
0.25 s e a  lavender and reed  g r a s s  

I 

50 1.55 30 0 .93  10 0.31 LO 0.31 Poin t  marsh and f r i n g e  I 

90 0.23 10 0.02 Pocket and f r i n g e  I 

90 0.23 assoc 10 0.02 Fr inge  marsh I 

90 35.01 assoc  10 3.89 C >i3 Extens ive  marsh i s l a n d s  a l s o  I 
,contain s e a  oxeye 

Sa = Saltmarsh Cordgrass a = Saltmarsh Bulrush f Water Hemp 
Jr = Black Needlerush b = Saltmarsh Fleabane g Switch Grass 
Md = S a l t g r a s s  Meadow c = Saltmarsh Aster  h = F o x t a i l  Grass 
Sb - Sal tbushes  d C a t t a i l  i - Arrow Arum 
Sc = Big Cordgrass e = Marsh Hibiscus j = P i c k e r e l  Weed 

k - Reed Grass p - Wild Rice 
1 - Olney Threesquare q - Sea Lavender 
rn - 'Marsh Mallow r Marsh Pink 
n - Saltmarsh Looaea t r i fe  a = S a l t w o r t  
o - Smartweed t - Yellow Pond-lily 



Sect ion I V  

Lynnhaven River ,  Qes t e r n  Branch 

A s  i n  Sect ion 111, t h e  marshes of  t h i s  sec t ion  a r e  mostly small  
but numerous f r i n g e s  and pockets ,  with creek marshes a t  t h e  heads of  
t r i b u t a r i e s .  Saltmarsh cordgrass i s  more dominant than i n  Sect ion  
111, comprising 69% of  t h e  t o t a l .  The dens i ty  of r e s i d e n t i a l  s h o r e l i n e  
development and t h e r e f o r e  r e c r e a t i o n a l  boat ing i s  r e l a t i v e l y  high he re ,  
a s  i t  i s  i n  most p a r t s  of  the  c i t y .  The marshes a r e  under constant  
s t r e s s  due t o  human a c t i v i t i e s  which genera te  non-point source 
p o l l u t i o n ,  boat wakes, t u r b i d i t y ,  e t c .  A t  t h e  same t ime,  however, 
t h e  marshes a r e  helping t o  a l l e v i a t e  these  s t r e s s e s  i n  t h e  r i v e r  and 
thus  funct ion  i n  t h e  maintenance of  t h e  aqua t i c  system's d e l i c a t e  
eco log ica l  equi l ibr ium. 







SECTION IV. LYNNHAVEN RIVER, WESTERN BRANCH 

Saltmarsh Cordgrass a = Saltmarsh Bulrush f = Water Hemp 
Black Needlerush b = Saltmarsh Fleabane g - Switch Graaa 
Saltgrass Meadow c = Saltmarsh Aster h = Foxtail Grass 
Saltbushes d = Cattail i = Arrow Arum 
Big Cordgrass e = Marsh Hibiscus j = Pickerel Weed 

k - Reed Grass P = 
1 - Olney Threesquare 4' 
m * 'Marsh Mallow r -  
n - Saltmarsh Loosestrife a = 
o - Smartweed t = 

Wild Rice 
Sea Lavender 
Marsh Pink 
Saltuort 
Yellow Pond-lily 



SECTION I V .  LYNNHAVEN RIVER, WESTERN BRANCH 

S a  - Sal tmarsh  Cordgraas a = Sal tmarsh  Bulrush f = Water Hemp 
J r  - Black Needlerush b = Sal tmarsh  F leabane  g Switch Grass  
Md = S a l t g r a s s  Meadow c = Sal tmarsh  A s t e r  h = F o x t a i l  Grass  
Sb = S a l t b u s h e s  d = C a t t a i l  i - Arrow Arum 
Sc = Big Cordgrass  e - Marsh Hib i scus  j = Pdckere l  Weed 

# 

325 
-- 

326 

327 

328 

329 

330 

331 

332 

333 

334 

335 

336 

337 

338 

k - Reed Grass  p = Wild Rice 
1 - Otney Threeaquare  q = Sea  Lavender 
rn 'Marsh Mallow r = Marsh Pink 
n - Sal tmarah  L o o a e s t r i f e  s = S a l t w o r t  
o = Smartweed t 6 Yellow Pond- l i ly  

PLACE NAME 

Lynnhaven River  
Western Branch 

Lynnhaven River  
Western Branch 

Lynnhaven River 
Western Branch 

Lynnhaven River  
Western Branch 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

Buchanan Creek 

ACRES 

8.0 

1.0 

3.8 

0 . 5  

3 .3  

12.2 

0.25 

20.4 

5.4 

2.8 

2 .0  

1.1 

1 .5  

0 .5  

Sa 
% 

90 

8 0  

90 

60 

70 

70 

90 

50 

10 

30 

80 

100 

100 

70 

Jr 
ACRES 

7.2 

0.8 

3.42 

0 . 3  

2.31 

8.54 

0 .23  

10.2 

0.54 

0.84 

1.6 

1 . 1  

1 .5  

0.35 

% 

10 

20 

10 

40  

20 

10 

s ssoc  

Md 
ACRES 

0 .8  

0.2 

0 .38  

0 .2  

0.66 

1.22 

% 

assoc  

10 

20 

10 

20 

20 

60 

20 

10 

Sb 9 c 
ACRES 

0 .33  

2.44 

0 .02  

4.08 

1.08 

1.68 

0.4 

0 .05  

X 

a s s o c  

a s s o c  

30 

30  

10 

20 

% 

a s s o c  

10 

asaoc  

ACRES 

6.12 

1.62 

0 .28  

0.1 

ACRES 

0.54 

OTHER 
OBSERVATIONS 

Cove marsh w i t h  pocket  

Cove marsh 

Cove marsh 

Marsh f r i n g e  averages  1 0  f e e t  
wide 

Pocket  marsh 

J r e e k  marsh 

Marsh i s l a n d  

Old s p o i l  a t  upper end. S a l t -  
marsh b u l r u s h  a l s o  p r e s e n t  

Highly d i s t u r b e d  a r e a .  Upland 
s p e c i e s  on o l d  s p o i l  

Marsh p e n i n s u l a  
Sa l tmarsh  b u l r u s h  a l s o  p r e s e n t  

Marsh i s l a n d  

5 a r s h  i s l a n d  

klarsh i s l a n d  

P o i n t  marsh 

% 

30 

MARSH 
TYPE 

I 

I 

I 

I 

I 

I 

I 

I 

XII  

I1 

I 

I 

I 

I 

ACRES 

c 

C 

c , d ,  f , k  

f , k  

k 
1.62 

c 

f 

k 



SECTION I V .  LYNNHAVEN RIVER, WESTERN BRANCH 

339 Buchanan Creek + 
340 I Thurs ton  Branch 

350 T h a l i a  Creek L 
351 l ~ h a l i a  Creek 

352 T h a l i a  Creek I 
Sa = Sal tmarsh  Cordgrass  a  = Sal tmarsh  Bulrush 
J r  = Black Needlerush b = Sal tmarsh  Fleabane 
Md = S a l t g r a s s  Meadow c  = Sal tmarsh  As te r  
Sb  = S a l t b u s h e s  d  = C a t  t a l l  
Sc = Rig Cordgrass  e  = Marsh Hib i scus  

f = Water Hemp 
g  = Switch Grass  
h  = F o x t a i l  G r a s s  
i = Arrow A r u m  
j = P i c k e r e l  Weed 

IFringe marsh 

d  

Pocket  marsh,channel ized s p o i l  
on s i d e s  X I 1  
I I 

I Sa J r  ~d  I ~b I s c  I OTHER 
ACRES % ACRES % ACRES L ACRES " 

1.3 70 0.91 10 k  

a 
0 . 5  70 0 .35  a s s o c  10 u.05 

K 
0.05 

- 

Fr inge  marsh 

F r i n g e  marsh 

(pocket  & f r i n g e  I I 

OBSERVATIONS 

Marsh I s l a n d  

Fr inge  marsh 

Pocket  marsh 

I 

I 

k 

]Creek marsh I v  I 

.) 

MARS ti 
TYPE 

I 

I 

I 

F r i n g e  marsh 

(Creek marsh 

I I 

IBroad f r i n g e  
I 1 

k  - Reed Grass  p  - Wild Rice 
1 - Olney Threesquare  q  - Sea ~ a v e n d e r  
m - Marsh Mallow r  = Marsh Pink 
n - S a l t m a r s h  L o o s e s t r i f e  s  = S a l t w o r t  
o  = Smartweed t = Yellow Pond- l i ly  

k , c  
0.19 F r i n g e  marsh 

F r i n g e  and pocket  marsh 

I1 

I 



SECTION I V .  LYNMlAVEN RIVER, WESTERN BRANCH 

I I I s a 3r 1 Md 
PLACE NAME 7 ACRES I % ACRES 

I 1 I I I I I 1 
T h u r s t o n B r a n c h  0 .25  60 

I 

,+ Thurs ton  Branch 2.4 60 1.44 10 0.24 10 0.24 

5 T h u r s t o n B r a n c h  0 .5  80 0.4 10 0.05 p s s o c  
I I I I I I I I 
Lynnhaven River  

6 Western Branch 1 . 3  80 1.04 10 0.13 
I I 

Lynnhaven River  
7 Western Branch 3 . 3  90 2.97 

Lynnhaven River  
8 Western Branch 0.25 100 0.25 p s s o c  

Lynnhaven River  

Lynnhaven River  
0.25 

Lynnhaven River  
0.02 

2 Witch Duck Bay 3.3 90 2.97 a s s o c  10 0.33 

3 Witch Duck Bay 0.25 80 0.2 10 0.02 

S b I Sc 
% ACRES 

10 

10 

k = Reed Grass  p = Wild Rice 
1 = Olney Threesquare  q = Sea  Lavender 
m = Marsh Mallow r = Marsh Pink 
n = Sal tmarsh  L o o s e a t r i f e  s = S a l t w o r t  
o - Smartweed t Yellow Pond- l i ly  

HARSH 
TYPE 

I 

OTHER 
% ACRES 

k 
30 0.08 

% ACRES 

I 
20 

0.05 

0 .13  

10 

2 S S O C  

10 

Sa = Sal tmarsh  Cordgrass  a = Sal tmarsh  Bulrush f = Water Hemp 
J r  = Black Needlerush b = Sal tmarsh  Fleabane g = Switch Grass  
Md = S a l t g r a s s  Meadow c = Sal tmarsh  As te r  h = F o x t a i l  Grass  
Sb = S a l t b u s h e s  d = C a t t a i l  i = Arrow Arum 
Sc = Big Cordgrass  e = Marsh Hib i scus  J = P i c k e r e l  Weed 

OBSERVATIONS 

Cove marsh 

Marsh i s l a n d  

F r i n g e  marsh 

0.33 

0.02 

30 

assoc 

~ S S O C  

10 

:.48 

I 

I 

I 

10 

0.08 

0 .2  

Broad f r i n g e  a l s o  c o n t a i n s  
b i g  c o r d g r a s s  and r e e d g r a s s  

Broad f r i n g e  

Pocket  marsh and f r i n g e  

d , f  

d 
0.02 

d 

I 

I 

I 

P o i n t  marsh 

P o i n t  marsh 

Cove marsh 

Pocket  marsh wi th  s c a t t e r e d  
n e e d l e r u s h  and s a l t b u s h  

p o c k e t  marsh 

I 

X I  I 

I 

I 

Z 

I 

I 

d , k  

Sea oxeye 

Cove mar$ 

Cove marsh 



SECTION I V .  LYNNHAVEN RIVER, WESTERN BRANCH 

- -  -p - - 

Sa = Saltmarsh Cordgrass a  = Snltmarsh Bulrush f = Water Hemp 
J r  = Black Needlerush b = Saltmarsh Fleabane g = Switch Grass 
Md - S a l t g r a s s  Meadow c = Saltmarsh Aster  h = F o x t a i l  Grass  
Sb = Sal tbushes  d = C a t t a i l  i = Arrow Arum 
Sc = ~ i g  Cordgrass e  = Marsh Hib iscus  J = P i c k e r e l  Weed 

k Reed Grass p - Wild Rice 
1 Olney Threesquare q = Sea Lavender 
m - Marsh Mallow r = Marsh Pink 
n - Saltmarsh L o o s e s t r i f e  s  = Sal twor t  
o - Smartweed t = yellow pond-l i ly 

# 

367 

368 

369 

370 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

PLACE NAME 

Witch Duck Bay 

Witch Duck Bay 

Lynnhaven River 
Western Branch 

B a y v i l l e  Creek 

B a y v i l l e  Creek 

B a y v i l l e  Creek 

B a y v i l l e  Creek 

B a y v i l l e  Creek 

Rayvi l le  Creek 

B a y v i l l e  Creek 

Lynnhaven River 
Western Branch 

Lynnhaven River 
Western Branch 

P l e a s u r e  House 
Creek 
P l e a s u r e  House 
Creek 

J r  
Z 

10 

30 

10 

20 

20 

30 

40 

20 

ACRES 

0.5 

0.25 

0.25 

0.25 

1.7 

0.25 

1.5 

0.25 

0 .25  

7 . 4  

1.0 

0.8 

4.6 

3.5 

Md 
ACRES 

0.02 

0.08 

0.15 

0 .48  

0.2 

0.24 

1.84 

0.7 

% 

30 

4 0 

40 

10 

a s s o c  

10 

20 

10 

ACRES 

0.08 

0 .1  

0 .1  

0.02 

0.1 

0.92 

0.35 

Sa Sb 
% 

100 

50 

40 

50 

100 

60 

90 

100 

100 

80 

60 

70 

40 

60 

% 

~ S S O C  

20 

20 

dzsoc 

assoc 

absoc 

assoc 

10 

assoc  

a s s o c  

10 

OTHER 
ACRES 

0.5 

0.12 

0.1 

0.12 

1.7 

0.15 

1.35 

0.25 

0.25 

1.92 

0.6 

0.56 

1.84 

2.1 

S c 
OBSERVATIONS 

Pocket marsh and f r i n g e  

Poin t  marsh 

Fr inge  marsh 

Poin t  marsh and f r i n g e  

Pocket marsh 

S p i t  marsh 

Pocket marsh 

Poin t  marsh and f r i n g e  

Fringe marsh. Averages 15 
f e e t  wide 

Poin t  marsh 

Fr inge  marsh 

Pocket marsh a l s o  conta ins  
sa l tmarsh  bu l rush  

ACRES 

0.05 

0.05 

0.1 

0.35 

"/, % 

assoc 

MARS R 
TYPE 

I  

I  

XI1 

I 

I 

I  

I 

I  

I 

I 

I  

I 

XI1 

I 

ACRES 

Sea oxeye 

Sea oxeye 

C 

Sea oxeye 

d 

d ,k  

ACRES 



Sa = Saltmarsh Cordgrass a = Saltmarsh Bulrush f = Water Hemp 
Jr = Black Needlerush b = Saltmarsh Fleabane g = Switch Grass 
Md = Saltgrass Meadow c = Saltmarsh Aster h - Foxtail Grass 
Sb = Saltbushes d - Cattail i = Arrow Arum 
Sc = Big Cordgrass e = Marsh Itibiscus j = Pickerel Weed 

k = Reed Grass p = Wild Rice 
1 = Olney Threesquare q - Sea Lavender 
m = Marsh Mallow r = Marsh Pink 
n - Saltmarsh Looseatrife s = Saltwort 
o = Smartweed t - Yellow Pond-lily 



Sect ion V I  

L i t t l e  Creek Cove 

L i t t l e  Creek Cove has been extens ive ly  bulkheaded f o r  s h i p  
mooring by t h e  L i t t l e  Creek Amphibious Base and thus contains  only 
f i v e  marshes. These f i v e  marshes, mostly dominated by sal tmarsh 
cordgrass ,  have a l s o  been d i s tu rbed ,  a s  evidenced by t h e  high 
percentage of reedgrass ,  Phragmites a u s t r a l i s .  

Except f o r  t h e  r eedgrass ,  which may be d isp lac ing  more 
d e s i r a b l e  wetlands spec ies ,  t h e  marshes of L i t t l e  Creek Cove 
a r e  i n  good condit ion and provide va luable  h a b i t a t  f o r  aqua t i c  
and semi-aquatic s p e c i e s ,  



SECTION VI. LITTLE CREEK COVE 



SECTION VI. LITTLE CREEK COVE 

Sa = Saltmarsh Cordgrass a - Saltmarsh Bulrush f = Water Hemp 
Jr - Black Needlerush b = Saltmarsh Fleabane g - Switch Grass 
Md = Saltgrass Meadow c - Saltmarsh Aster h = Foxtail Grass 
Sb = Saltbushes d = Cattail i - Arrow Arum 
Sc = Big Cordgraas e - Marsh Hibiscus j = Pickerel Weed 

k - Reed Grass p = Wild Rice 
1 * Olney Threesquare q = Sea Lavender 
m * .Marsh Malluu r - Harsh Pink 
n = Saltmarah Loosestrife s = Saltwort 
o - Smartweed t - Yellov Pond-lily 



R -RECREATIONAL WELL 
L -LIVESTOCK WATERING WELL 
PC - PUBLIC CONSUMPTION WELL 
IR - IRRIGATION WELL 

REVISIONS 
DESIGNED ATLANTIC D I V I S I O N ,  FOUR-MILE R A D I  I MAP 

DRAWN NAVAL F A C I L I T I E S  ENGINEERING COMMAND (LANTDIV)  GROUNDWATER PATHWAY / 

CHECKED 
PUBLIC WATER D ISTRIBUTION 

NAB L I T T L E  CREEK 
REVIEWED BAKER ENVIRONMENTAL, INC. Baker Envkonmental r 

S.O. CORAOPOLIS, PENNSYLVANIA SCALE DATE J U N E  1991 

' I  

FIGURE NO. 



REVISIONS NORTH 
ATLANTIC D I V I S I O N ,  

NAVAL F A C I L I T I E S  ENGINEERING COMMAND ( L A N T D I V )  

I BAKER ENVIRONMENTAL, I NC. 

I C O R A O P O L I S ,  P E N N S Y L V A N I A  I U  

0 TO 15 M I L E  
SURFACE WATER MAP 
NAB L I T T L E  CREEK 

SCALE I 2 0 0 0 '  DATE J U N E  1991  

FIGURE NO. 



NO. 
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