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Table 1. Perennial Streams with Designations

Stream ID NHD Stream Name1 County Latitude2 Longitude2 Flow Regime Water Type3 Cowardin4 Top of Bank 
Width (ft) Project Activity

Temporary 
Impact         

(linear ft)

Permanent 
Impact

(linear ft)
Notes Stream Designation5 T&E Species6 TMDL Watersheds with Established TMDL's7 Public Water Supply8

S-Z13 Little Stony Creek Giles 37.341121 -80.621071 Perennial RPW R2RB2 25 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection; no impact Wild Trout - Brook, Rainbow - - -

S-RR13 Craig Creek Montgomery 37.314662 -80.402385 Perennial RPW R2UB1 35 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - Upstream of known James 

spinymussel populations
James River, Upper Upper - Total Phosphorus, Total Suspended Solids, Total 

Nitrogen -

S-RR13 Craig Creek Montgomery 37.314330 -80.403364 Perennial RPW R2UB1 35 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - Upstream of known James 

spinymussel populations
James River, Upper Upper - Total Phosphorus, Total Suspended Solids, Total 

Nitrogen -

S-NN17 Sinking Creek Giles 37.311151 -80.516754 Perennial RPW R2UB1 55 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. Stockable Trout Candy darter, green floater - -

S-KL9 Sinking Creek Giles 37.304482 -80.535348 Perennial RPW R2UB1 50 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. Stockable Trout - - -

S-G36 North Fork Roanoke River Montgomery 37.268535 -80.314897 Perennial RPW R2UB1 20 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - Roanoke logperch, orangefin 
madtom

North Fork Roanoke River - PCB
Roanoke River - PCB, Sediment, E. Coli -

S-KL7 UNT to Flatwoods Branch Montgomery 37.251391 -80.289103 Perennial RPW R3UB3 6 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - North Fork Roanoke River - PCB

Roanoke River - PCB, Sediment, E. Coli -

TTVA-S-208 UNT to Roanoke River Roanoke 37.250069 -80.205330 Perennial RPW R2 12 Outside of Permanent Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-EF20d UNT to Roanoke River Roanoke 37.215556 -80.188980 Perennial RPW R3UB3 10 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-EF20d UNT to Roanoke River Roanoke 37.215556 -80.188980 Perennial RPW R3UB3 10 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-EF20d UNT to Roanoke River Roanoke 37.215556 -80.188980 Perennial RPW R3UB3 10 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-EF20d UNT to Roanoke River Roanoke 37.215556 -80.188980 Perennial RPW R3UB3 10 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-EF20b UNT to Roanoke River Montgomery 37.212876 -80.191564 Perennial RPW R3UB3 4 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Roanoke River - PCB, Sediment, E. Coli -

S-ST9 UNT to Mill Creek Roanoke 37.154424 -80.129179 Perennial RPW R3UB2 15 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - South Fork Roanoke River - PCB
Roanoke River - PCB, Sediment, E. Coli -

TTVA-S-301 Mill Creek Roanoke 37.145683 -80.130989 Perennial RPW R2 22 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. Stockable Trout - South Fork Roanoke River - PCB

Roanoke River - PCB, Sediment, E. Coli -

S-Z18 UNT to Mill Creek  Roanoke 37.135252 -80.134134 Perennial RPW R3UB2 4 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - South Fork Roanoke River - PCB

Roanoke River - PCB, Sediment, E. Coli -

S-Y11 UNT to Mill Creek  Roanoke 37.134722 -80.135339 Perennial RPW R3UB2 6 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - South Fork Roanoke River - PCB

Roanoke River - PCB, Sediment, E. Coli -

S-G28 UNT to Green Creek Franklin 37.126504 -80.110642 Perennial RPW R3RB2 9 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -

Lower Blackwater River and Tributaries - Fecal Coliform
Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
South Fork Blackwater River, Lower, and Tributaries - Fecal Coliform

Upper Blackwater River - Fecal Coliform, Sediment
Staunton (Roanoke) River - PCB

-

S-ST24 UNT to Mill Creek  Roanoke 37.126197 -80.126614 Perennial RPW R3UB1 14 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - South Fork Roanoke River - PCB
Roanoke River - PCB, Sediment, E. Coli -

S-RR17 UNT to Green Creek Franklin 37.124804 -80.113774 Perennial RPW R3UB2 13 Outside of Permanent Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - -

Lower Blackwater River & Tributaries - Fecal Coliform
Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
South Fork Blackwater River, Lower, and Tributaries - Fecal Coliform

Upper Blackwater River - Fecal Coliform, Sediment
Staunton (Roanoke) River - PCB

-

S-D11 UNT to North Fork Blackwater 
River Franklin 37.123430 -80.085854 Perennial RPW R3UB1 10 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -

North Fork Blackwater River - Fecal Coliform, Sediment, Total Phosphorus
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Upper Blackwater River - Fecal Coliform, Sediment

Staunton (Roanoke) River - PCB

-

S-HH3 UNT to North Fork Blackwater 
River Franklin 37.120853 -80.084279 Perennial RPW R3UB1 12 Outside of Permanent Access 

Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - -

North Fork Blackwater River - Fecal Coliform, Sediment, Phosphorus
Lower Blackwater River & Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, Teels Creek - Fecal Coliform
Upper Blackwater River - Fecal Coliform, Sediment

Staunton (Roanoke) River - PCB

-

S-GH3 UNT to Teels Creek Franklin 37.089755 -79.956688 Perennial RPW R4SB3 6 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-E28 Teels Creek Franklin 37.089459 -79.962097 Perennial RPW R3UB1 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-IJ11 Little Creek Franklin 37.089417 -80.005244 Perennial RPW R2UB1 3 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River & Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-IJ10 Little Creek Franklin 37.088574 -80.003614 Perennial RPW R3RB1 3 Outside of Groundbed LOD; within 
50ft 0 0 E&S BMP protection; no impact - -

Lower Blackwater River & Tributaries - Fecal Coliform
Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-E28 Teels Creek Franklin 37.088450 -79.950951 Perennial RPW R3UB1 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-E28-Braid Teels Creek Franklin 37.088196 -79.950501 Perennial RPW R2UB2 5 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-E28 Teels Creek Franklin 37.086259 -79.948996 Perennial RPW R3UB1 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-E28 Teels Creek Franklin 37.085007 -79.947457 Perennial RPW R3UB1 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-EF5 Teels Creek Franklin 37.079354 -79.942469 Perennial RPW R2UB1 30 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-MM41 Teels Creek Franklin 37.073413 -79.937967 Perennial RPW R2UB1 20 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River & Tributaries - Fecal Coliform
Maggodee Creek and Mollie Branch - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-EF12 Teels Creek Franklin 37.073328 -79.940376 Perennial RPW R2UB1 20 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-MM41 Teels Creek Franklin 37.073083 -79.937630 Perennial RPW R2UB1 20 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River & Tributaries - Fecal Coliform
Maggodee Creek and Mollie Branch - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-EF15 Teels Creek Franklin 37.069621 -79.934293 Perennial RPW R2UB1 30 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek - Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-C12 UNT to Teels Creek Franklin 37.068809 -79.922934 Perennial RPW R3UB1 35 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek -Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-C13 UNT to Teels Creek Franklin 37.063979 -79.921572 Perennial RPW R3UB1 25 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek -Fecal Coliform
Staunton (Roanoke) River - PCB

-
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S-C14 Teels Creek Franklin 37.062057 -79.920947 Perennial RPW R2UB1 50 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek -Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-KL39 UNT to Blackwater River Franklin 37.061629 -79.880171 Perennial RPW R3UB1 6.5 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - -
Lower Blackwater River & Tributaries - Fecal Coliform
Maggodee Creek and Mollie Branch - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-CD6 Little Creek Franklin 37.058100 -79.917658 Perennial RPW R2UB1 56 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - Roanoke logperch
Lower Blackwater River and Tributaries - Fecal Coliform

Middle Blackwater River, Little Creek, and Teels Creek -Fecal Coliform
Staunton (Roanoke) River - PCB

-

S-S10 UNT to Maggodee Creek Franklin 37.057692 -79.839054 Perennial RPW R3UB2 11 Outside of Temporary Access 
Road LOD; within 50ft 0 0 E&S BMP protection; no impact - -

Lower Blackwater River & Tributaries - Fecal Coliform
Maggodee Creek and Mollie Branch - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-KL37 UNT to Blackwater River Franklin 37.053546 -79.884791 Perennial RPW R3UB1 10 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - -
Lower Blackwater River & Tributaries - Fecal Coliform
Maggodee Creek and Mollie Branch - Fecal Coliform

Staunton (Roanoke) River - PCB
-

S-GH44 UNT to Foul Ground Creek Franklin 37.028018 -79.772494 Perennial RPW R3UB2 6 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Lower Blackwater River and Tributaries - Fecal Coliform
Staunton (Roanoke) River - PCB -

S-E14 UNT to Blackwater River Franklin 36.995796 -79.735653 Perennial RPW R2UB2 20 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Staunton (Roanoke) River - PCB -

S-MM44 UNT to Little Jacks Creek Franklin 36.982292 -79.687660 Perennial RPW R3UB1 4 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Staunton (Roanoke) River - E. Coli
Pigg River : Leesville Lake - E. Coli -

S-H24 UNT to Little Jacks Creek Franklin 36.978096 -79.681614 Perennial RPW R3UB2 10 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Staunton (Roanoke) River - E. Coli
Pigg River : Leesville Lake - E. Coli -

S-H21 UNT to Turkey Creek Franklin 36.973731 -79.673046 Perennial RPW R3UB1 11 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Staunton (Roanoke) River - E. Coli
Pigg River : Leesville Lake - E. Coli -

S-G13 Parrot Branch Franklin 36.966935 -79.630967 Perennial RPW R2UB1 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - Orangefin madtom Staunton (Roanoke) River - E. Coli
Pigg River - Leesville Lake - E. Coli -

S-Q9 UNT to Pigg River Pittsylvania 36.933346 -79.535449 Perennial RPW R3UB2 4 Outside of Temporoary Access 
Road LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Staunton (Roanoke) River - E. Coli

Pigg River : Leesville Lake - E. Coli -

S-CC16 UNT to Harpen Creek Pittsylvania 36.912976 -79.484825 Perennial RPW R3US2 11 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Staunton (Roanoke) River - E. Coli
Pigg River - Leesville Lake - E. Coli -

S-CC6 UNT to Cherrystone Creek Pittsylvania 36.899191 -79.462912 Perennial RPW R3UB2 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-Q4 UNT to Pole Bridge Branch Pittsylvania 36.886195 -79.430434 Perennial RPW R3UB2 5 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-Q2 UNT to Pole Bridge Branch Pittsylvania 36.884100 -79.426676 Perennial RPW R3UB3 7 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-ZZ2 UNT to Pole Bridge Branch Pittsylvania 36.877522 -79.415636 Perennial RPW R3UB2 6 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-B9 UNT to Pole Bridge Branch Pittsylvania 36.877517 -79.415932 Perennial RPW R3UB1 7 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-B9 UNT to Pole Bridge Branch Pittsylvania 36.877377 -79.416868 Perennial RPW R3UB1 7 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli
Cherrystone Creek - E. Coli -

S-B1 Little Cherrystone Creek  Pittsylvania 36.850491 -79.381224 Perennial RPW R2UB2 10 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli -

S-GG12 Little Cherrystone Creek Pittsylvania 36.837557 -79.361024 Perennial RPW R2UB2 12 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli -

S-H4 Little Cherry Stone Creek Pittsylvania 36.833678 -79.359068 Perennial RPW R2UB2 30 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli -

S-H44 UNT to Little Cherrystone 
Creek Pittsylvania 36.830326 -79.345655 Perennial RPW R3UB2 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli -

S-H44 UNT to Little Cherrystone 
Creek Pittsylvania 36.829505 -79.346331 Perennial RPW R3UB2 8 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection; no impact - - Banister River - E. Coli -

S-H41 UNT to Little Cherrystone 
Creek Pittsylvania 36.828195 -79.343341 Perennial RPW R3UB3 10 Outside of Pipeline LOD; within 50ft 0 0 E&S BMP protection. No impact. - - Banister River - E. Coli -

Notes:
1
2
3

4
5

6

7 TMDL Watersheds with Established TMDL's from:
           - Virginia Environmental Geographic Information Systems Available DEQ Datasets, TMDL_IP_Watersheds_Geodatabase. http://www.deq.virginia.gov/ConnectWithDEQ/VEGIS/VEGISDatasets.aspx

8
           - 2014 305(b)/303(d) Water Quality Assessment Integrated Report. http://www.deq.virginia.gov/Programs/Water/WaterQualityInformationTMDLs/WaterQualityAssessments/2014305(b)303(d)IntegratedReport.aspx.

- James spinymussel - Pleurobema collina ; federal endangered species
- Orangefin madtom - Noturus gilberti ; state threatened in Virginia
- Roanoke logperch - Percina rex ; federal endangered species
- Yellow lampmussel - Lampsilis cariosa ; state species of concern in Virginia

- Public Water Supply information from:

          -Tier III data from: http://www.deq.virginia.gov/Programs/Water/WaterQualityInformationTMDLs/WaterQualityStandards/ExceptionalStateWaters(TierIII).aspx
- Anadromous Fish Use Areas - No Anadromous Fish Use Areas crossed by the Project. 
          - Anadromous Fish Use Area data from: https://www.dgif.virginia.gov/gis/data/download/
- T&E species information from Project field surveys and USFWS and VDGIF agency coordination
- Green floater - Lasmigona subviridis ; state threatened in Virginia

- See Cowardin et al., 1979
- Trout Waters - Cold Water Stream Survey (CWSS) - https://www.dgif.virginia.gov/gis/data/
          - Wild Trout - VA DGIF Trout Stream Classification Class I-IV (VA DEQ Natural trout waters Class VI)
          - Stockable Trout  - VA DGIF Trout Stream Classification Class V-VI (VA DEQ Stockable trout waters Class V)
- Tier III Exceptional Waterbodies - No Tier III Exceptional Waterbodies crossed by the Project. 

- For identified streams without a NHD (National Hydrography Dataset) name, the identified stream was given the name, “Unidentified Tributary (UNT)”, of the first named receiving waterbody
- In decimal degrees
- RPW = Relatively Permanent Waters
- NRPW = Non-Relatively Permanent Waters
- TNW = Traditional Navigable Waters
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May 9, 2017 
 
Ms. Kimberly D. Bose, Secretary 
Federal Energy Regulatory Commission 
888 First Street NE 
Washington, DC 20426 
 

Re: Mountain Valley Pipeline, LLC 
Docket No. CP16-10-000 
Responses to Data Requests issued March 20, 2017 

 
Dear Ms. Bose: 
 
On March 20, 2017, the Office of Energy Projects (“OEP”) of the Federal Energy Regulatory 
Commission (“Commission”) issued data requests to Mountain Valley Pipeline, LLC (“Mountain 
Valley”) with respect to Mountain Valley’s certificate application in Docket No. CP16-10-000.  
On various dates, Mountain Valley submitted responses to the requests.  In this filing, Mountain 
Valley submits a supplemental response.   
 
If you have any questions, please do not hesitate to contact me at (412) 553-5786 or 
meggerding@eqt.com.  Thank you.   
 
       Respectfully submitted, 

   Mountain Valley Pipeline, LLC  

       

 
Matthew Eggerding 
Counsel, Midstream 

Attachments 

cc: All Parties 
 Paul Friedman, OEP 
 Lavinia DiSanto, Cardno, Inc. 
 Doug Mooneyhan, Cardno, Inc. 



Mountain Valley Pipeline, LLC 
Mountain Valley Pipeline Project 

Docket No. CP16-10-000 

Response to Post-Draft Environmental Impact Statement  
Environmental Information Request #2 Issued March 20, 2017 

1 

General Project Description 

1. Provide the following revised plans that Mountain Valley indicated in February
2017 filings are being updated based on agency consultations:

c. Acid Forming Materials Identification and Mitigation Plan;

Response Submitted March 30, 2017: 

c. Mountain Valley is finalizing the Acid Forming Materials Identification
and Mitigation Plan and expects to submit it by April 7, 2017.

Supplemental Response Submitted April 7, 2017: 

c. Mountain Valley expects to submit the Acid Forming Materials
Identification and Mitigation Plan in the second half of April 2017. 

Supplemental Response Submitted May 9, 2017: 

c. The Acid Forming Materials Mitigation Plan is included as Attachment
DR5 General 1c.

Respondent: Ricky Myers 
Position: Engineering Manager 
Phone Number: 724-873-3640 
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May 2017 

Mountain Valley Pipeline Project 

Docket No. CP16-10-000 

Attachment DR5 General 1c 



ACID FORMING MATERIALS 

MITIGATION PLAN  

Prepared for: 

Mountain Valley Pipeline 

Suite 1700 

625 Liberty Avenue 

Pittsburgh, PA 15222-3111 

May 2017 

Prepared by: 

DAA Project Number: B14188B-01 



Draper Aden Associates (DAA) prepared this document (which may include drawings, specifications, reports, studies and attachments) in 

accordance with the agreement between DAA and Mountain Valley Pipeline, LLC. 

The standard of care for all professional engineering, environmental and surveying and related services performed or furnished by DAA under this 

Agreement are the care and skill ordinarily used by members of these professions practicing under similar circumstances at the same time and in 
the same locality.  DAA makes no warranties, express or implied, under this Agreement in connection with DAA’s services. 

Conclusions presented are based upon a review of available information, the results of our field studies, and/or professional judgment.  To the best 
of our knowledge, information provided by others is true and accurate, unless otherwise noted. 

Any reuse or modification of any of the aforementioned documents (whether hard copies or electronic transmittals) prepared by DAA without 
written verification or adaptation by DAA will be at the sole risk of the individual or entity utilizing said documents and such use is without the 

authorization of DAA.  DAA shall have no legal liability resulting from any and all claims, damages, losses, and expenses, including attorney’s 

fees arising out of the unauthorized reuse or modification of these documents.  Client shall indemnify DAA from any claims arising out of 
unauthorized use or modification of the documents whether hard copy or electronic. 
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1.0 INTRODUCTION   

The normal range of soil pH in the eastern USA is between approximately pH 4.5 and 6.5 and 

virtually all native soils have pH levels > 4.0 (Weil and Brady, 2017). However, acid forming soil 

or bedrock, generally referred to as Acid Forming Materials (AFM) that are exposed to surface 

conditions in trenches, disturbed ground or backfills will oxidize over time (weeks to years) to 

produce acidic soil byproduct and drainage conditions with typical pH range between 2.0 and 3.8 

and enriched in soluble elements.  

Naturally occurring geologic materials are inherently variable in mineralogic composition, and as 

a result may not be ubiquitously susceptible to acid-forming conditions. For example, a shale 

formation identified as a potential AFM likely does not have a consistent mineral distribution and 

therefore some exposures may result in acidic weathering conditions while other exposures within 

the same shale may not. The AFM may also contain acid-neutralizers (e.g. carbonates) in sufficient 

amounts to partially or fully offset the acid loads generated. Field observations and qualitative 

testing in areas identified to be potential AFM will be used to identify whether an area of land 

disturbance is moderate-risk or high-risk for net-acid producing conditions, and appropriate 

mitigation employed based upon conservative worst-case assumptions.  

Potential AFM in areas traversed by the Mountain Valley Pipeline project (Project) include 

Devonian Age black shales in southwestern Virginia, and sulfidic metamorphic and igneous 

bedrock in south-central Virginia (Figure 1 through Figure 4, discussed below). These formations 

may potentially produce acidic (pH < 4.0) soils or drainage when exposed to surface conditions.  

1.1 Purpose of the AFM Mitigation Plan 

The purpose of the AFM Mitigation Plan is to identify specific locations and relative risks for 

AFM to generate acid-producing conditions resulting from land disturbance, and to prescribe 

appropriate mitigation measures to prevent acidic surface soil conditions and runoff from AFM 

backfill and spoils.   

This Mitigation Plan includes a desktop review to identify areas where potential AFM may be 

encountered during land disturbance associated with Project components. As an example, Figure 

1 is a depiction of the Virginia State Sulfide Hazard Risk Map (Soil and Landscape Rehabilitation, 
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2017) with the proposed Project alignment overlay. As depicted, there are areas where the 

proposed Project alignment will traverse known or suspected AFM.  

The Mitigation Plan directs that during construction, Mountain Valley will identify areas that 

require specific evaluation for potential AFM, and coordinate applicable and prescribed mitigation 

measures. The applicable mitigation measures are dependent upon the nature of land disturbance 

(e.g., trenching, backfill, spoils stockpiling, etc.). Appropriate application of agricultural lime and 

fertilizer can mitigate AFM and resulting low-pH drainage to allow for permanent revegetation 

(Orndorff et al., 2008). As a frame of reference, one acre of typical native soil or weathered 

saprolite material six (6) inches deep weighs approximately 1,000 dry tons and typical liming rates 

for AFM in Virginia commonly range into the tens of tons of agricultural lime per acre. In areas 

of known AFM occurrence, approximately one acre of potential AFM will be exposed for every 

550 linear feet of pipeline trench excavated. Actual volumes of AFM excavated per linear mile 

will vary based on actual thickness of the sulfidic materials. 

In summary, and as detailed below, appropriate risk management for AFM involves a combination 

of:  

(a) a priori desk-top identification of possible AFM from published sources, previous 

experience, and based on well-documented field observation procedures, 

(b) application of agricultural lime to exposed AFM in trenches as well as spoil piles 

generated during excavation, and/or, 

(c) application of agricultural lime to AFM spoils on exposed corridor surfaces or in fill 

areas  to prevent AMD from runoff or leaching. 

2.0 DESKTOP REVIEW FOR AFM AREAS OF CONCERN    

A desktop review identified potential AFM strata in areas of proposed land disturbance for Project 

components. Existing scientific literature and state geologic surveys (Soil and Landscape 

Rehabilitation, 2017; DMME, 2003) were utilized for the desktop review. In general, the highest 

likelihood for AFM occurrence associated with the proposed Project alignment is present in 1) 

Valley & Ridge Devonian shales, and 2) certain Blue Ridge and Piedmont rock units (e.g. the Ashe 

Formation) (Figure 1).   
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The results of the desktop review are presented in Figure 2 and Figure 3 (black shales) and Figure 

4 (along geologic strike of the Ashe Formation traversed by the proposed alignment), and suggest 

where potential AFM may be present by milepost:   

 Figure 2 – Milepost 219.08 to 219.45 and Milepost 220.70 and 221.45, which is 

approximately 1.1 miles of potential AFM; 

 Figure 3 – Milepost 228.9 to 229.7, which is approximately 0.8 mile of potential AFM;  

 Figure 4 – Milepost 259 to 260 and Milepost 261.5 to 266.3 and Milepost 267.5 to 273.8 

and Milepost 275.5 to 277, which is approximately 13.6 miles of potential AFM. 

The sulfide hazard rating from which this desktop review is based, was completed from detailed 

field, laboratory, and literature studies previously completed (Soil and Landscape Rehabilitation, 

2017), and projection of potential AFM along geologic strike of the Ashe Formation (DMME, 

2003). 

3.0 FIELD TESTING    

A specifically trained Mountain Valley Environmental Inspector will be deployed on-site during 

land disturbance in areas identified by the desktop review to have potential AFM. The Inspector 

will conduct field observations to identify potential moderate-risk and high-risk AFM, and if 

conformed to coordinate with Mountain Valley the management of spoils and application of 

neutralization amendments to excavated rock materials. Detailed logs will be recorded of materials 

encountered during excavation, noting at minimum the soil horizon and strata, depths and colors 

(hue/value/chroma), including depth and thickness of the partially weathered “saprolite zone”. 

Where deemed necessary by Mountain Valley, the Environmental Inspector will conduct a 

qualitative field analytical procedure to identify moderate- and high-risk AFM, and the limits of 

lime application. A 30% hydrogen peroxide (H2O2) test is well-documented for rapid 

determination in the field of potentially reactive AFM (i.e., rapidly oxidizes sulfidic materials) via 

evolution of heat, vigorous frothing and water vapor (Watling et al., 2017).  Low to moderate 

reaction would be characterized as representing moderate-risk AFM, while highly reactive results 

will be characterized as high-risk AFM. In lieu of testing, Mountain Valley may elect to apply 

agricultural lime (as described below) at a rate equivalent to the identified AFM risk depicted on 

the Virginia Sulfide Hazard Risk Map (Soil and Landscape Rehabilitation, 2017).  
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4.0 MITIGATION STRATEGIES    

A general estimation of tons of agricultural lime (or other appropriate fine-grained acid-

neutralizing materials) required to neutralize 1,000T of excavated material typically ranges from 

5 to 20T per 1,000T. However, certain AFM materials (e.g., black shales) can range up to 50T per 

1,000T. The following outline describes mitigation strategies to be implemented in areas identified 

as moderate- to high-risk AFM (>5T agricultural lime demand per 1,000T) as described above.  

Mountain Valley’s Environmental Inspectors will coordinate mitigation measures in the field.  The 

relevant mitigation strategies are dependent upon the nature and volume of land disturbance (e.g., 

trenching, backfill, spoils stockpiling, etc.).  

The overall mitigation strategy will proceed as follows: 

1. The Environmental Inspector will identify when land disturbance is occurring in moderate 

to high-risk AFM areas identified in the desktop study (i.e., Figures 2 through 4). 

2. The Environmental Inspector will evaluate relative AFM risk based on field observations 

and coordinate with Mountain Valley for potential testing described above.   

3. Apply agricultural lime (pelletized or ground powdered) to the disturbed land (excavation 

walls and base, shallow disturbed bedrock or soils) as follows: 

a. Where observed soil/geologic material color, weathering depth, rock hardness and 

field H2O2 testing indicate moderate risk, lime will be applied at a rate of 20T of 

agricultural lime per 1,000T dry material. 

b. Where observed soil/geologic material color, weathering depth, rock hardness and 

field H2O2 testing indicate high risk, the lime will be applied at a rate of 50T 

agricultural lime per 1,000T dry material. 

c. As noted above, in lieu of testing, Mountain Valley may elect to apply agricultural 

lime at a rate equivalent to the identified AFM risk depicted on the Virginia Sulfide 

Hazard Risk Map (Soil and Landscape Rehabilitation, 2017). 
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d. Lime applied to trench walls and the trench-facing side of overburden spoil piles 

will be applied as a ground powdered material to a wetted surface or as a lime/water 

slurry to ensure adhesion. The backside of the spoil piles will be treated with similar 

lime materials as above, but due to access may require treatment by hand. 

4. Return appropriately limed AFM to the trench backfill and compact where possible to limit 

internal permeability.  

a. The upper 12 to 18 inches of backfill should be left loosened to support plant growth 

for post-construction reclamation.  

5. Excess AFM material that cannot be returned to the trench backfill due to construction 

factors (e.g. the pipe diameter) or concerns over net swell, will be bulk-blended with 

agricultural lime at the applicable moderate-risk or high-risk rate (i.e., 20T or 50T per 

1,000T) and placed in accordance with Mountain Valley’s standard practice for excess 

spoils.  This excess material should not be placed within an area that may become saturated.   
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FIGURE NUMBER 2
Sulfide Hazard Risk in Virginia

Locations 1 and 2

Mountain Valley Pipeline Project

04-27-17

Service Layer Credits: Copyright:© 2013 National Geographic Society, i-cubed
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FIGURE NUMBER 3
Sulfide Hazard Risk in Virginia

Location 3

Mountain Valley Pipeline Project

04-27-17

Service Layer Credits: Copyright:© 2013 National Geographic Society, i-cubed
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Locations are Approximate
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 Introduction 
Land disturbance from clearing and excavation activities has the potential to generate a large amount of 
dust particles. Dust control measures are practices that help reduce surface and air movement of dust from 
disturbed soil surfaces. 

Mountain Valley Pipeline, LLC (MVP) has developed this Fugitive Dust Control Plan to minimize visible 
fugitive dust emissions at or in proximity to the worksite. Fugitive dust is generated by the mechanical 
disturbance of granular material exposed to air. Dust from open sources is termed “fugitive” because it is 
not discharged to the atmosphere in a confined flow stream. This plan outlines dust control methods, that 
will be used on the Project to reduce fugitive dust emissions and outlines the recommended records to be 
maintained onsite during construction.   

 Fugitive Dust Emission Sources 
The following Project activities have the potential to generate fugitive dust: 

 Vegetation removal; 
 Clearing and grading; 
 Topsoil removal; 
 Cutting and filling; 
 Trenching; 
 Backfilling; 
 Track-out onto roads; 
 Bulk material loading, hauling and unloading; 
 Vehicle and motorized equipment movement on unpaved access roads; 
 Use of material storage piles; and 
 Use of parking, staging, and storage area. 

Strategic construction sequencing can greatly reduce problematic dust generation. If land disturbance is 
required, additional temporary stabilization measures should be considered prior to initiating grading 
activities. 

It is the responsibility of the Project contractor(s) and the designated Environmental Inspector(s) to ensure 
that contractor personnel are complying with all dust control measures and have authority to enforce and 
require compliance with this plan.  The Project supervisors and EI’s must ensure that: 

1. sources of potential dust generation are identified; 
2. specific areas of Project construction will be monitored for fugitive dust generation; and 
3. appropriate dust suppression techniques are implemented when dust plumes are visible. 

 Fugitive Dust Control Methods 
Implementation of construction and restoration Best Management Practices and operational controls will 
be used to mitigate fugitive dust emissions. The project earth disturbance permit will outline specific 
practices that control fugitive dust, including a construction sequence; use of rock construction entrances; 
and temporary soil stabilization methods. Operational controls are also implemented, including the use of 
a reduced speed limit on unpaved access roads as well as sweeping/vacuuming paved roadways when 
Project-related soils are tracked out onto paved surfaces.  
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Wet suppression, using water, is the predominate method of suppressing fugitive dust on unpaved roads 
and gravel pads as it causes finer materials to adhere into larger particles. Increasing the moisture content 
of the finer materials may be accomplished either naturally or mechanically. Moisture content of unpaved 
road surfaces can be naturally increased through rainfall. Moisture content can also be increased 
mechanically through the application of water. The amount of water required to sufficiently control 
fugitive dust emissions is dependent on the characteristics of materials (e.g., surface moisture content), 
ambient conditions (e.g., rainfall, humidity, temperature), activities occurring in the area (e.g., vehicle 
traffic, vehicle weight, speeds), etc. The Contractors will have one or more water trucks available per 
spread that will load water from approved permitted sources to spray areas for dust control. Disturbed and 
trafficable areas will be kept sufficiently damp during working hours in dry conditions to minimize wind-
blown or traffic-generated dust emissions. Areas to be watered include, but are not limited to, the 
following: 

 the construction corridor for each pipeline, including additional temporary workspace; 
 contractor yards and staging areas; 
 access roads; 
 aboveground facility sites; 
 active grading areas; 
 un-stabilized areas; 
 soil stockpiles; and 
 parking areas. 

The frequency at which water trucks will spray construction areas will vary based on weather and site 
conditions. More frequent applications will be required in dry conditions and where dust generation is 
likely. The following actions are taken to reduce fugitive dust from our operations. 

3.1 Pipeline Construction Activities and Other Earth Disturbances 
Fugitive dust emissions from vegetation removal, clearing and grading, cutting and filling, topsoil 
removal, trenching, backfilling and stockpile storage will be controlled to a great extent by following the 
construction sequencing and disturbing limited areas at a time. If sustained visible dust plumes occur, dust 
suppression can be achieved by applying water along the travel lane and disturbed land via water truck. 
Spoil piles left undisturbed for four or more days should be temporarily stabilized with seed and mulch or 
tarped to prevent wind and water erosion.  

3.2 Unpaved Roads 
Fugitive dust emissions generated by motorized equipment and miscellaneous vehicle traffic will be 
controlled by wet suppression as necessary. Fugitive dust emissions from active access roads will be 
controlled by periodic wetting of surfaces using a water truck. During periods of high truck traffic, road 
surfaces will be wetted more frequently to minimize dust emissions. Watering will occur less frequently if 
weather conditions (e.g., rain, frozen surfaces, etc.) are adequate to suppress dust.  In addition, MVP will 
reduce the speed limit on the unpaved roads to control dust emissions  
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3.3 Paved Roads 
Fugitive dust emissions from paved roads will be controlled with a combination of water trucks, power 
washers, sweeping and/or vacuuming, as appropriate, to minimize the amount of fugitive dust that is 
generated and built up on the road surfaces. 

3.4 Track-out onto Roads 
Track-out of loose materials will be controlled using rock construction entrances on access roads that 
begin at a junction with paved roads; this is done to prevent tracking of mud onto public roadways. Also, 
the use of sweeping and/or vacuuming will be used if any loose material goes beyond the rock 
construction entrances.  

3.5 Deposition on Other Premises 
MVP will take all appropriate actions to prevent the deposition of solid or liquid materials onto any other 
premises from the Project site and access roads that may cause or contribute to visible dust emissions. 
Preventive actions may include, but are not limited to dust control, such as wet suppression, the operation 
of a sweeper truck on paved roadways equipped with water suppression, and the operation of a vacuum 
truck. 

 Tackifiers 
Contractor may propose the use of tackifiers to reduce fugitive dust provided that the product to be 
utilized has been approved by the appropriate federal and state agencies where its application will occur. 
Contractor will detail the proposed use of any such substances in their dust control plan and provide 
copies of the material safety data sheets and application procedures. Typically tackifiers used are 
DustFloc, RoadFloc and Kodiak Super TACKMixes.  

 Inspection, Monitoring, and Record Keeping 
The construction contractor will implement the dust control measures specified in this plan. All 
construction personnel will be informed of the measures in this plan. Environmental Inspectors will have 
primary responsibility for monitoring and enforcing the implementation of dust control measures by the 
construction contractor. The inspectors will also be responsible for ensuring that these measures are 
effective and proper documentation is maintained. When environmental conditions are dry, inspection of 
dust control measures will be conducted daily, and the environmental inspectors will be responsible for 
recording the following information on a daily basis: 

 weather conditions, including temperature, wind speed and wind direction; 
 number  of water trucks in use; 
 incidents where dust concentration is such that special abatement measures must be implemented; 
 condition of soils (damp, crusted, unstable, other) on the right-of-way and other construction 

sites; 
 condition of soils (damp, crusted, unstable, other) on access roads; 
 condition of track-out pads; 
 overall status of dust control compliance. 

This information will be incorporated into the environmental inspector’s daily report. 
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 Plan Maintenance 
A copy of this Fugitive Dust Control Plan will be retained at the spread’s job site office and will be made 
available to the federal and state agencies upon request. 

 Staff Training 
Prior to the start of construction, MVP will conduct environmental and safety training for Company and 
Contractor personnel. The training program will focus on the Federal Energy Regulatory Commission’s 
Upland Erosion Control, Revegetation, and Maintenance Plan (Plan) and Wetland and Waterbody 
Construction and Mitigation Procedures (Procedures); other construction, restoration, and mitigation 
plans, including this Dust Control Plan; and applicable permit conditions. In addition, MVP will provide 
large-group training sessions before each work crew begins construction with periodic follow-up training 
for groups of newly assigned personnel. 



Appendix 4:  
Spill Prevention, Control, and Countermeasure (SPCC) Plan and 

Unanticipated Discovery of Contamination Plan 
  



 

 
 
 
 
 

Spill Prevention, Control, and Countermeasure (SPCC) Plan 
and 

Unanticipated Discovery of Contamination Plan 
for Construction Activities in Virginia 

 
 

Submitted By: 

Mountain Valley Pipeline, LLC 

555 Southpointe Boulevard, Suite 200 

Canonsburg, PA  15317 

   



By means of this certification , this Plan has been prepared in accordance 

with good engineering practice, including consideration of applicable 

industry standards, and with the requirements  of 40 CFR §112.3(d)
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Acronyms and Abbreviations 
 
A  acceptable 

ABACT  anti‐degradation best available combination of technologies 

BMP  best management practice 

CFR  Code of Federal Regulations 

DEQ  Virginia Department of Environmental Quality 

EC  Emergency Coordinator 

EPA  U.S. Environmental Protection Agency 

MVP  Mountain Valley Pipeline, LLC 

ESCP  Erosion and Sediment Control Plan 

HDD  Horizontally Directional Drilling 

ID  Identification 

PCB  Polychlorinated Biphenyl 

Plan  Preparedness, Prevention, and Contingency and Spill Prevention Control and 
Countermeasures Plan 

PPC  Preparedness, Prevention, and Contingency 

PPE  Personal Protective Equipment 

Ppm  parts per million 

Project  MVP Pipeline Project 

ROW  right‐of‐way  

SDS   Safety Data Sheet 

SOP  standard operation procedure 

SPCC  Spill Prevention Control and Countermeasures 

SPRP  Spill Prevention and Response Plan 

U  unacceptable 
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1.0     OVERVIEW 
 
Mountain Valley Pipeline, LLC (MVP), a joint venture between EQT Midstream Partners, LP and affiliates of 
NextEra Energy, Inc.; Con Edison Gas Midstream LLC; WGL Holdings, Inc.; and RGC Midstream, LLC 
(collectively referred to as MVP), is seeking a Certificate of Public Convenience and Necessity (Certificate) 
from the Federal Energy Regulatory Commission (FERC) pursuant to Section 7(c) of the Natural Gas Act 
authorizing it to construct and operate the proposed Mountain Valley Pipeline Project (Project) located in 
17 counties in West Virginia and Virginia. MVP plans to construct an approximately 303‐mile, 42‐inch‐
diameter natural gas pipeline to provide timely, cost‐effective access to the growing demand for natural 
gas for use by local distribution companies, industrial users, and power generation in the Mid‐Atlantic and 
southeastern markets, as well as potential markets in the Appalachian region. Construction is anticipated 
to begin in 2017 and conclude in the fourth quarter of 2018. Construction on National Forest System lands 
will occur in 2018. 
 
The proposed pipeline will extend from the existing Equitrans, L.P. transmission system and other natural 
gas facilities in Wetzel County, West Virginia to Transcontinental Gas Pipe Line Company, LLC’s (Transco) 
Zone 5 compressor station 165 in Pittsylvania County, Virginia. In addition to the pipeline, the Project will 
include approximately 171,600 horsepower of compression at three compressor stations currently planned 
along the route, as well as measurement, regulation, and other ancillary facilities required for the safe and 
reliable operation of the pipeline. The pipeline is designed to transport up to 2.0 million dekatherms per 
day of natural gas. 
 
A 3.5‐mile long segment of the Project will cross portions of the Jefferson National Forest (JNF) in Monroe 
County in southern West Virginia and in Giles, Craig, and Montgomery counties in southwestern Virginia. 
The JNF is managed by the U.S. Forest Service (USFS) of the U.S. Department of Agriculture. Another 60‐
foot segment of the Project will cross the Weston and Gauley Bridge Turnpike Trail (Weston and Gauley 
Turnpike) in Braxton County, West Virginia, which is administered by the U.S. Army Corps of Engineers 
(USACE). Approval to cross land managed by two or more federal agencies is the responsibility of the U.S. 
Department of the Interior, Bureau of Land Management (BLM) through issuance of a right‐of‐way grant. 
Project‐wide construction environmental compliance will be the responsibility of the FERC. The USFS and 
USACE will also ensure compliance across lands managed or administered by those agencies. Because the 
majority of federal lands crossed are managed by the USFS, this plan focuses on the JNF, noting any 
additional or different requirements that are specific to the crossing of the Weston and Gauley Turnpike.  
 
The USFS will be responsible for enforcement of the terms and conditions of the BLM’s right‐of‐way grant 
on National Forest System lands during the term of the right‐of‐way grant for the Project. Compliance will 
be monitored on the JNF portion of this Project by the USFS Project Manager and the Authorized Officer’s 
designated compliance monitors. USFS will have stop‐work authority per terms outlined in the BLM right‐
of‐way grant. USFS will also have stop‐work authority if unsafe work conditions are encountered during 
construction. 
 
The FERC will utilize a third‐party Compliance Inspection Contractor (CIC) contracted to MVP to act on 
behalf of the agency to provide Project‐wide construction oversight and monitor compliance. The CIC will 
inspect and monitor preconstruction and construction activities and enforce requirements related to the 
National Historic Preservation Act (NHPA), the Endangered Species Act (ESA), and other applicable laws 
and regulations. The Project will adhere to all federal, state, and local permits. The CIC will coordinate with 
the USFS Project Manager and designated compliance monitors. 
 



SPILL PREVENTION, CONTROL, AND COUNTERMEASURE (SPCC) PLAN AND 
UNANTICIPATED DISCOVERY OF CONTAMINATION PLAN 

2 

 

 

The Project has potential to impact sensitive environmental resources and, as a result, environmental 
protection measures have been developed to minimize potential impacts on these resources and will be 
applied, as applicable, to the Project. 

 

2.0     WASTE MANAGEMENT 
 

This waste management section provides an overview and checklist to be used before each phase of 
construction begins at each spread. Each job might require different chemicals and equipment with 
different fuel requirements that must be documented, accounted for, and contained. Also included at 
the end of this section are the Weekly Hazardous Materials and Waste Inspection Log for weekly 
inspection of hazardous materials and waste. 

 

2.1 Material and Waste Inventory 
 

Prior to each phase of construction at each spread, the material and waste inventory must be completed. 
The inventory must be provided in the Tables 2‐1 to 2‐4 below and will, depending on the specific 
circumstances of the planned construction activity, include the following: 

 

 Nutrients, such as fertilizers and sanitary wastes; 

 Solid waste, such as scrap metals, masonry products, and other raw construction 
materials and debris; 

 Construction chemicals, such as paints, soils additives, and acids for cleaning; 

 Petroleum products, such as fuels and lubricants; and 

 Other materials, including concrete wash from mixers and explosives. 
 

The list must include oils and fuels, commercial chemicals, hazardous and nonhazardous wastes, 
and incompatible materials to be used or stored on site during construction. 

 
 
 
 

TABLE 2‐1 
List of Oil and Fuel to be Used or Stored On‐Site During Construction 

Type  Quantity Containment Method Location

 
 
 
Notes: 
A Safety Data Sheet (SDS) for all hazardous substances listed in the above tables shall be provided by the  contractor. 
All containers shall have secondary containment. 
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TABLE 2‐2 
List of Commercial Chemicals to be Used or Stored On‐Site during Construction 

Type  Quantity Containment Method Location

 
 
 
 
 
 
 
 
 
Notes: 
A SDS for all hazardous substances listed in the above tables shall be provided by the contractor. All containers shall have 
secondary containment. 

 
 

TABLE 2‐3 
List of Hazardous and Nonhazardous Wastes to be Used or Stored On‐Site during Construction 

Type  Quantity Containment Method Location

 
 
 
 
 
 
 
 
 
Notes: 
A SDS for all hazardous substances listed in the above tables shall be provided by the contractor. All containers shall have 
secondary containment. 

 
 

TABLE 2‐4 
List of Incompatible Materials to be Used or Stored On‐Site during Construction 

Type  Quantity Containment Method Location

 
 
 
 
 
 
 
 
 
Notes: 
A SDS for all hazardous substances listed in the above tables shall be provided by the contractor. All containers shall have 
secondary containment. 
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Incompatible materials  shall be  stored  in  separate  areas  in  accordance  with  nationally  recognized 

standards.  Incompatible  materials  shall  not  be  consecutively  placed  into  a  container  or  tank. 

Additionally, sources of ignition are prohibited in hazardous materials and wastes areas. 

The Contractor shall identify and list all sources of potential large spills, including tank overflow, rupture, 
or leakage. SPCC information must be included for all containers greater than 55 gallons with a cumulative 
capacity of 1,320 gallons or greater that contain oil, including petroleum, fuel oil, sludge, oil refuse, and 
oil mixed with waste, as required in Code of Federal Regulations, Title 40, Part 112 (40 CFR  Pa r t   112). 
The Contractor shall  list large spill sources in Table 2‐5A. Additional sources of large spills can be  listed 
in Table 2‐5B. Additional tables shall be provided as needed. 

 

TABLE 2‐5A 
List of Large Spill Sources 

 
Product 

Total Quantity Storage Size, Type Potential 
Direction of 

Flow 

Maximum 
Rate of Flow 

Structures or 
Equipment to 
Contain Spills 

Location of 
Use Present  Location 

       
       
       
       
Note: All containers shall have secondary containment.

 
 

TABLE 2‐5B 
List of Large Spill Sources 

 

Product 
Total Quantity Storage Size, Type Potential 

Direction of 
Flow 

Maximum 
Rate of Flow 

Structures or 
Equipment to 
Contain Spills 

Location of 
Use Present  Location 

       
       
       
       
Note: All containers shall have secondary containment.

 
 

2.2 Hazardous Materials and Waste Inspections 
 

The Contractor shall inspect weekly hazardous materials and waste and associated storage areas.  These 
weekly  inspections  shall  document  the  condition  of  the  hazardous  materials  and  waste  and  the 
associated  storage  containers.  The  Contractor  shall  file  all  inspection  records with the Chief Inspector 
and Environmental Inspector on a weekly basis. The weekly inspection form is at the end of this section 
and is titled Weekly Hazardous Materials and Waste Inspection Log. 
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Weekly Hazardous Materials and Waste Inspection Log 
 
For each item  listed below, the Contractor shall indicate whether existing conditions are acceptable (A) 
or unacceptable  (U). Resolution of all unacceptable  conditions must be documented. Contractor  shall 
inspect all storage facilities on a regular basis, but not less than weekly. Contractor shall file all inspection 
records with the Chief  Inspector and  Environmental Inspector on a weekly basis. 

I. STORAGE AREAS FOR FUELS, LUBRICANTS, AND CHEMICALS 

General 

A/U 

Construction yard or storage areas secured 

National Fire Protection Association symbol posted in storage area or at yard entrance 

Storage areas properly prepared and signed 

  Safety Data Sheets available 

Hazardous Materials Management Plan and Spill Prevention and Countermeasure Plan available 

 
Hazardous Materials Management 

A/U 

No evidence of spill or leaking materials 

Incompatible materials separated 

All containers labeled properly 

All containers securely closed 

All containers upright 

No evidence of container bulging, damage, rust, or corrosion 

 
Secondary Containment Areas 

A/U 

Containment berm intact and capable of holding 110 percent of material stored plus precipitation 

Lining intact 

No materials overhanging berms 

No materials stored on berms 

No flammable materials used for berms 

 
Compressed Gases 

A/U 

Cylinders labeled with contents 

Cylinders secured from falling 

Oxygen stored at least 25 feet away from fuel 

Cylinders in bulk storage are separated from incompatible materials by fire barriers or by 

appropriate distance 
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II. HAZARDOUS WASTE MANAGEMENT 
 

Waste Container Storage 

A/U 

No evidence of spilled or leaking wastes 

Adequate secondary containment for all wastes 

Separate containers for each waste watercourse (no piles) 

Waste area not adjacent to combustibles or compressed gases 

All containers securely closed 

Bungs secured tightly 

Open‐top drum hoops secured 

All containers upright 

No evidence of container bulging or corrosion 

No severe damage or rust 

Containers are compatible with waste (e.g., plastic liner for corrosives, metal liner for solvents) 

No smoking and general danger and/or warning signs posted 

 
Waste Container Labeling 

A/U 

Containers properly labeled 

 

 
Name, address, and U.S. Environmental Protection Agency  identification (ID) number or ID number of 

generator listed (Not required if Contractor is an exempt small quantity generator) 

 
Accumulation start date listed 

Storage start date listed 

Chemical and physical composition of waste listed 

Hazardous property listed 

 
Nonhazardous Waste Areas 

A/U 

No litter in yard 

No hazardous wastes or used oil mixed with trash (e.g., contaminated soil, oily rags, diapers, or 

other oily materials) 

Empty oil and aerosol containers for disposal are completely emptied 
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III. EMERGENCY RESPONSE EQUIPMENT 

A/U 

Shovels 

Absorbent materials (e.g., booms, pads, pillows, socks, “Speedy Dry”) 

Personal protective equipment (e.g., goggles, gloves) 

Fire‐fighting equipment 

First aid supplies (e.g., medical supplies, squeeze bottle eye wash) 

Department‐of‐Transportation‐approved containers 

Plastic sheeting, bags, and ties 

Communication equipment 

Bung wrench (non‐sparking) 

 
IV. CORRECTIVE ACTIONS TAKEN (Required for all unacceptable conditions) 

 
Enter information here 

 

Date:  Contractor Name: 
 

 

 

 

Inspected by (Contractor’s Inspector): 
 

 

 

 

Signature: 
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3.0  SPILL PLAN 
 
This section of the SPCC Plan describes spill preparedness, prevention,  and containment. Spill 
preparedness and prevention training is also discussed in this section. 

 
3.1 Spill and Leak Preparedness and Prevention 

 

3.1.1     Employee Training 
 
Prior to construction, contractors and MVP personnel shall be trained in hazardous waste management 
procedures  that  will  enable  them  to  respond  effectively  to  emergencies  by  familiarizing  them  with 
emergency  procedures,  equipment,  and  communication  systems. Personnel  who  handle,  sample,  or 
come  in  direct  contact with  oils  or  hazardous matter  shall  undergo  basic  training  that  stresses  the 
importance  of  pollution  control.  Spill prevention  control  procedures shall  be  thoroughly  explained 
during  the  training  briefings,  which  will  be  conducted  by  the  Contractor  Superintendent,  the  MVP 
Chief  Inspector,  and  the MVP  Environmental Inspector  or  their  designated  representative on the job 
site. The MVP EC shall maintain training verification. 

 
Prior  to  construction, all Project Chief and Environmental  Inspectors  shall  receive a  copy of  this SPCC 
Plan and an approved list of emergency response contractors. Inspectors shall be trained on equipment 
maintenance,  fuel and hazardous material handling,  spill prevention procedures, and spill  response. 

 
All  personnel  involved  in  constructing  the  proposed  facilities  shall  be  aware  of  the  SPCC and the 
Preparedness, Prevention, and Contingency Plan. Regular training briefings shall be conducted on an as‐
required  basis  by  the  Contractor  Superintendent  and the MVP Chief  Inspector on the  job site. These 
briefings shall include the following: 

 

 Precautionary measures to prevent spills 

 Potential sources of spills, including equipment failure and malfunction 

 Standard operating procedures (SOPs) in the event of a spill 

 Applicable notification requirements 

 Equipment, materials, and supplies available for spill clean‐up 
 
3.1.2 Security 

 

Hazardous wastes  and waste  containing  polychlorinated  biphenyls  (PCBs)  greater  than  50  parts  per 
million  (ppm)  shall  be  stored  in  a  secured  location  (i.e.,  fenced,  locked).  Fuel  storage  areas  shall  be 
located to minimize, as much as possible, tampering by unauthorized personnel during nonoperational 
hours. 

 

3.1.3 Prevention and Preparedness 
 
A discharge from the construction site into waters of the state is unlikely to occur. The construction site 
shall have on‐site spill prevention and control facilities and routinely inspect tank and container storage 
areas  (inspection  form: Weekly Hazardous Materials/Waste  Inspection  Log  included Section 2), which 
will mitigate  the potential  for oil  and hazardous material  to be  released  to  soil or  surface waters.  In 
areas where hazardous materials are required  to be stored or used within a wetland, the Contractor 
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shall  prepare  and  submit  for  approval  a  secondary  containment  plan  before working  in  the wetland 
area. 

 

Spill or overfill of petroleum that results in a release to the environment that exceeds 25 gallons  or that 
causes a sheen on nearby surface water must be reported immediately.  Generally, minor spills or leaks 
shall be contained within secondary containment areas. In Virginia, spills  or overfills must  be  reported 
to  the DEQ  State Water Control Board within 24 hours  in  the  following  cases (Virginia Water Control 
Law, Article 11, 62.1‐44.34:19): 

 

 Spill or overfill of a hazardous substance that results in a release to the environment that equals 
or  exceeds  its  reportable  quantity  under  the  Comprehensive  Environmental  Response, 
Compensation, and Liability Act of 1980 (40 CFR Part 302). 

 Oil spills less than 25 gallons to lands that cannot be cleaned up within 24 hours 
 

TABLE 3‐1 
Areas Where Potential Spills and Leaks Might Occur 

Location\Use or 
Equipment 

Quantity/Reportable
Quantity

Containment Method  Product 

  / 

  / 

  / 

  / 

Note: All containers shall have secondary containment.
 

3.1.4 Tanks 
 

The Contractor shall take the following precautions to prevent a spill from occurring within tank storage 
areas: 

 

 Only those tanks for fuel and material storage that meet MVP’s approval shall be operated. 

 Single‐wall tanks shall be provided with temporary secondary containment that will hold at least 
110 percent of the tank capacity of the largest tank inside the containment area. 

 Precipitation  shall  be  inspected  first  for  evidence  of  oil,  including  a  sheen,  or  other 
contaminants. If a sheen or other indicators of oil or contamination is present, then the material 
shall  be  collected  for  proper  disposal  off  site.  Any  precipitation  shall  be  removed  from  the 
containment area to maintain the available containment volume at 110 percent of the volume 
of material stored. 

 Only self‐supporting  tanks constructed of carbon steel or other materials compatible with  the 
contents of each tank shall be used. 

 PCB  (50 ppm or greater) storage  tanks  shall be double‐walled or have secondary containment 
that will hold 200 percent of the tank capacity. 

 Elevated tanks shall be a maximum of two feet above grade. 

 Tank storage shall be located in areas that are at least 100 feet from all waterbodies, wetlands, 
and designated municipal watershed areas. 

 All tanks shall be  inspected daily  for  leaks and deterioration by the Contractor EC or designee. 
The results of all inspections shall be recorded on the Weekly Hazardous Materials and Waste 
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Inspection Log  (included at  the end of Section 2). Copies of  the  log  for unsatisfactory  storage 
area  inspections  shall  be  distributed  to MVP’s  EC  and  the  Project Manager.  Leaking  and/or 
deteriorated tanks shall be repaired or replaced as soon as the condition is first detected. 

 Tanks and secondary containment drains shall remain closed when not in use. 

 Vehicle‐mounted  tanks  shall  be  equipped  with  flame  and/or  spark  arrestors  on  all  vents  to 
prevent self‐ignition. 

 Incompatible materials shall not be stored in sequence  in tanks prior to decontamination. A list 
of incompatible materials is listed in Section 2, Waste Management, Table 2‐4. 

 Tanks  used  to  store  hazardous materials  shall  be  decontaminated  before  they  are  used  at  a 
different construction  location  if they could contaminate  the next material  to be placed  in the 
tank. The tanks shall be decontaminated if they are to be returned to a vendor. The tanks shall 
also be decontaminated  if  they are being  returned  to an MVP yard and no  immediate specific 
same service use is scheduled. 

 If a  tank contains hazardous material, then  the MVP EC shall be contacted, and  transportation 
shall follow the steps outlined in MVP’s Environmental SOP regarding Waste Transportation. 

 
TABLE 3‐2 

Tank and Container Storage Exception Areas 

Material  Quantity Containment Method Location

 
 
 
 
 
 
 
 
Note: Exception areas must be approved by the EC.

 
 
 

3.1.5 Containers 
 
The Contractor shall take the following precautions to prevent a spill from occurring within container 
storage areas: 

 

 For drum  storage,  reference MVP’s Environmental SOPs; MVP EC  shall a copy of  the current 
Environmental SOPs. 

 Containers shall remain closed when not in use. 

 All containers shall have  temporary containment. A  list of  temporary containment  is  listed  in 
Section 2, Waste Management, Tables 2‐1 through 2‐4. 

 Small cans of gasoline, diesel, solvents, and other hazardous materials shall be stored within the 
temporary containment or within secured trailers or vehicles when not in use. 

 Incompatible materials shall not be in sequence in containers before decontamination. A list of 
incompatible materials is included in Section 2, Waste Management, Table 2‐4. 

 Containers used to store hazardous materials shall be decontaminated before they are used at a 
different construction location if they could contaminate the next material to be placed in the 
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container. The containers shall always be decontaminated if they are being returned a MVP yard 
and no immediate specific same service use is scheduled. 

 If a container contains a hazardous material, then transportation shall follow the steps outlined 
in MVP’s Environmental SOPs regarding Waste Transportation. 

 No incompatible material shall be stored together in the same containment area. 

 Leaking and/or deteriorated containers shall be replaced as soon as the condition is first detected. 

 Containers shall be stored in areas that are at least 100 feet from all waterbodies, wetlands, and 
designated municipal watershed areas, with certain exceptions as approved by  the Contractor 
EC as listed in Table 3‐2. 

 All container storage and containment areas shall be used to store waste or products according 
to the guidelines described in MVP’s Environmental SOPs regarding Facility Inspections. 

 

3.1.6 Loading and Unloading Areas 
 
The Contractor shall take  the precautions  listed below  to prevent a spill  from occurring within  loading 
and  unloading  areas when  those  areas  are  located  at  the  construction  site; MVP  personnel  shall  be 
present during loading and unloading activities: 

 

 Liquids  shall  be  transferred  and  refueling  shall  only  occur  in  predesignated  and  preapproved 
locations  that  are  at  least  100  feet  from  all waterbodies  and wetlands.  Exceptions might  be 
approved  by  the  Environmental  Inspector  if  no  reasonable  alternatives  are  available  and 
secondary containment is used. Certain exceptions are listed in Table 3‐2. 

 All loading and unloading areas shall be closely monitored to prevent any leaks and spills. 

 The area beneath  loading and unloading  locations shall be  inspected for spills before and after 
each use. 

 All hose  connections  shall use drip pans at  the hose connections while  loading and unloading 
liquids.  If a  leak or spill occurs, then the  loading and unloading operation shall be stopped and 
the spill shall be contained, cleaned up, and collected before operations continue. 

 All tank  truck outlets shall be  inspected before  trucks  leave  the  loading and unloading area  to 
prevent possible leakage from the truck while in transit. 

 Each  refueling  vehicle  shall  have  a  sufficient  number  of  shovels,  brooms,  10‐millimeter 
polyethylene sheeting, and fire protection equipment to contain a moderate oil and/or fuel spill. 

 Any service vehicle used to transport  lubricants and fuel shall be equipped with an emergency 
response kit, and this kit, at a minimum, must include the following: 

−  25 pounds of granular oil absorbent 
−  Ten  48‐inch x 3‐inch oil socks 
−  Five  17‐inch x 17‐inch oil pillows 
−  One  10‐inch x 4‐inch oil boom 
−  Twenty  24‐inch x 24‐inch x 3/8‐inch oil mats 
−  Garden‐size, 6‐millimeter polyethylene bags 
−  Ten ) pair of latex gloves 
−  One  55‐gallon polyethylene open‐head drum 
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In addition, a smaller chemical response kit shall be available that contains the following: 
 

−  One  bag of loose chemical pulp 
−  Two to three (2 to 3) 17‐inch x 17‐inch chemical pillows 
−  Two  48‐inch x 3‐inch chemical socks 
−  Five  18‐inch x 18‐inch x 3/8‐inch absorbent mats 
−  Garden‐size, 6‐millimeter, polyethylene bags 
−  Ten  pair of latex gloves 
−  One  30‐gallon polyethylene open‐head drum 
−  Hazardous waste labels 

 
3.1.7 Concrete Coating Areas for Field Joints 

 

Concrete coating of field  joints shall be performed at  least 100 feet from the edge of all waterbodies. 
Where  topographic  conditions  and/or  work  space  limitations  necessitate  applying  concrete  coating 
within 100  feet of a watercourse, sufficient containment measures shall be  implemented  to eliminate 
the  spill  of  any  concrete  coating materials  into  a wetland  or watercourse. Containment  such  as  the 
following (or equivalent as approved by the MVP EC in a secondary containment plan to be submitted by 
the Contractor) shall be used: 

 

 Concrete coating materials shall be temporarily stored  in an earthen berm with a polyethylene 
lining of  10‐millimeter  thickness  or  in  a  portable  containment  tray  constructed of  steel  plate 
measuring a minimum of 4‐feet‐square by 1–foot‐deep. 

 Portable‐mechanical mixing equipment, if required, shall be operated within a containment area 
constructed of  temporary earthen berms and polyethylene  lining a minimum of 10‐millimeter 
thickness. 

 Concrete materials  in a portable container  (such as a 55‐gallon drum cut  in half or equivalent) 
shall be mixed within an earthen berm with polyethylene  lining of 10‐ millimeter  thickness or 
within a portable containment tray constructed of steel plate, measuring a minimum of 4‐feet‐ 
square by 1‐foot‐deep. 

 
3.1.8 Equipment Inspections 

 
All construction equipment in use on the pipeline right‐of‐way (ROW) shall be inspected daily. Any leaks 
shall be repaired immediately or the piece of equipment shall be removed from service, removed from 
the ROW, and repaired prior to returning to service. All inspections shall be documented on a daily leak 
report submitted to MVP. 

 
3.1.9 Emergency Equipment 

 

The construction site and/or contractor yard shall have adequate manpower and equipment necessary 
to divert any spilled material from waterbodies and wetland areas. Emergency equipment shall include, 
but  is not  limited  to, shovels, backhoes, dozers,  front‐end  loaders, oil‐absorbent booms, pillows, socks 
and/or  mats,  granular  oil  absorbent,  and  chemical  absorbent  pulp.  A  list  of  emergency  response 
equipment and personal protective equipment (PPE) is provided in Section 4.3. 
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3.1.10 Contractor’s Site Map 
 
The Contractor shall prepare a site map before construction begins. At a minimum, the Contractor’s site 
map shall include the following: 

 

 Orientation and scale 

 Total land area in square feet 

 Access and egress points 

 Buildings and/or temporary trailers 

 Parking lots 

 Adjacent land uses (if business, indicate business name) 

 Surrounding roads, storm drains, and waterways (e.g., waterbodies and wetlands) 

 Locations of hazardous materials and waste storage 

 Underground and aboveground tanks 

 Containment or diversion structures (e.g., dikes, berms, retention ponds) 

 Shutoff valves and/or circuit breakers 

 Location of emergency response materials and equipment 

 Location of MSDS and SPCC Plan 

 Location of emergency assembly area 

 
3.2       Housekeeping Program 

 

The  construction  area  shall be maintained  in  a neat  and orderly manner.  Solid wastes,  such  as  food 
wrappings, cigarette butts and packets, Styrofoam cups and plates, and similar wastes, shall be disposed 
of  offsite and  not  in  any construction  excavation  area.  Any  spills or leaks  shall  be  cleaned  up  as 
expeditiously as possible. Trash shall be routinely collected for offsite disposal. Container storage areas 
shall be maintained in a neat and orderly manner. 

 
 

4.0     KARST AREA EROSION AND SEDIMENTATION CONTROL 
 
The  following  discussion  outlines  erosion  and  sediment  control  (ESC)  measures  to  support  MVP 
construction  in karst terrain. Karst terrain underlies portions of the  proposed MVP  route   from West 
Virginia/Virginia State  line  into Roanoke County, Virginia.  Karst terrain is a  landscape formed from the 
dissolution of soluble rocks. It is characterized by underground drainage systems with sinkholes, dolines, 
and caves. 

 
MVP completed a Karst Hazards Assessment that  identifies karst features  in the vicinity of the Project. 
MVP  also  completed  a  Karst Mitigation  Plan  that  serves  as  a  guidance  document  for  protecting  and 
mitigating karst features during MVP construction. Karst‐specific ESC measures are a critical component 
for protecting karst features and  local water bodies during construction and after  land reclamation for 
post‐pipeline installation. 
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4.1 Regulatory Oversight 
 
Virginia  codified a  law  for protecting  caves  (the Virginia Cave Protection Act, Code of Virginia Section 
10.1‐1000 to 1008); there is no corresponding law that specifically protects karst. 

 
The Virginia Department of Conservation and Recreation, a division of the Department of Environmental 
Quality,  includes  a  Karst  Protection  Coordinator  branch.  Coordination  with  the  Karst  Protection 
Coordinator is described in more detail in this plan. 

 

4.2 Objectives 
 

The  primary  objectives  for  karst‐specific  ESC  are  to  prevent  erosion,  overland  flow,  and  sediment 
transport  to  water  bodies  and  karst  features  during  pipeline  construction,  and  to  prevent  erosion, 
sedimentation, and  flooding problems  in karst areas after pipeline construction and  land  reclamation. 
The primary means to reduce risks for erosion, sedimentation, and flooding in karst terrain is to restore 
land  surface grades  to  pre‐construction  characteristics  and  not  significantly  change  the  volume  of 
surface water that enters a karst feature. This can be accomplished by preventing direct impact to karst 
features  and  water  bodies  during  construction,  and minimizing  to  the  extent  practical  land  surface 
alterations after pipeline installation and land reclamation. Enhanced Best Management Practices (BMPs) 
and construction planning in karst terrain are presented herein to accomplish these objectives. 

 
4.3 Considerations for Surface Water Management and Erosion & Sediment 

 
Unlike  typical  construction  and  development  activities,  the  Project will  not  result  in  large  swaths  of 
impervious  land,  or  large  swaths  of  altered  grade.  The  Project  is  primarily  a  relatively  narrow  linear 
subsurface  construction  project  that  will  be  regraded  to  pre‐construction  characteristics,  and 
revegetated. 

 

To minimize  the potential  for  impacts  to a karst feature  (e.g., sinkhole, cave opening, etc.,) or a water 
resource  (e.g., well,  spring,  stream, pond)  from pipeline construction  in karst areas,  industry‐standard 
ESC practices will be supplemented with enhanced BMPs, and implemented by MVP and its contractors, to 
accomplish the following objectives: 

 

 Minimize the volume of stormwater and other construction‐related surface water run‐off; 
 

 Minimize  the permanent alteration of  land  surface  characteristics and  surface  runoff patterns 
(existing drainage patterns and features should be taken into consideration to minimize changes 
to the rate that water enters the subsurface through a karst feature); 

 

 Promote broad and shallow surface water flow dispersion with suitable spreading or diversion 
techniques; 

 

 Prevent uncontrolled release of surface water and sediment to a water body or karst feature; 
 

 Prevent artificial routing of storm water to karst features; 
 

 Prevent blockage or filling of karst features; 
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 Do not construct artificial storm water structures within karst features; 

 Prevent disposal of materials into a karst feature that will degrade the quality of water entering 
the subsurface through karst feature; 

 

 Install double lines of sediment control fencing and straw bales upslope of a water body or karst 
feature; 

 

 Stock pile excavated material at  least 100  feet  from a water body so that  the material cannot 
slough back into these areas; 

 

 Monitor  ESC  and  stormwater  management  structures  periodically  during  construction,  and 
particularly after precipitation events (stormwater and ESC structures  include sediment control 
fencing, straw bales,  temporary detention basins, diversion berms, or containerization  ‐ clean, 
repair, and replace structures as necessary); 

 

 Do not discharge hydrostatic test water in karst areas; 
 

 Establish  staging  areas  for  the  crew,  equipment,  hazardous  materials,  chemicals,  fuels, 
lubricating oils, etc., at least 100 feet from a water body or karst feature; 

 

 Install ESC and stormwater management structures surrounding staging areas to prevent run‐on 
to, and then run‐off and sediment migration from these sites; 

 

 Store construction waste materials, debris, and excess materials at  least 100 feet from a water 
body or karst features; 

 

 Refuel  and  maintain  construction  equipment  at  least  100  feet  from  a  water  body  or  karst 
feature; 

 

 Limit the removal of riparian vegetation to only when it is necessary; 
 

 Re‐vegetate all disturbed areas as soon as possible after construction using only native plants to 
reduce  soil erosion. Annual  species,  such as  rye or wheat, may  initially be planted along with 
native  species  in areas  subject  to  immediate  soil  loss,  such as a  steep  slope,  to provide  rapid 
erosion control. Final re‐vegetation should use native species only; 

 

 Replace woody riparian vegetation unavoidably lost using native riparian plants to help prevent 
the spread of invasive plants; 

 

 Where possible and practical,  leave a minimum of 100‐foot wide natural vegetated buffer area 
around a water body or karst  feature. Plant a vegetative buffer of at  least 100  feet around a 
water body or karst feature if the vegetation was previously cleared; 

 

 Apply  fertilizers, herbicides, pesticides, or other  chemicals no  closer  than 100  feet of a water 
body or karst feature; 
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 Evaluate  the  establishment  of  vegetation  after  project  completion  and  inspect  all  sediment 
control  structures  at  one  month  intervals  for  at  least  3  months.  Retain  sediment  control 
structures until site stabilization is achieved; 

 

 Remove  and  dispose  of  all  debris  and  excess  construction  materials  properly  upon  project 
completion; 

 

 Remove temporary sediment/erosion control structures upon final site stabilization; 
 

 Clay  dams  or  breakers  should  be  included  in  pipeline  installation  design  and  constructed  at 
appropriate intervals along the trench excavation to impede subsurface flow along the trench. 

 

5.0     CONTINGENCY PLAN AND EMERGENCY PROCEDURES 
 
Emergency  response  procedures  have  been  developed  for  the  project  to  guide  responses  to  fires, 
explosions, releases of oils or hazardous waste to the air, land, or waters of the state regardless of the 
quantity involved  in the  incident. For unanticipated release of hydrostatic test waters, MVP shall utilize 
best management practices  (BMPs), as described  in the Erosion and Sediment Control Plan  (E&SCP) as 
soon as possible after the release. 

 
5.1 Responsibilities of MVP and Contractor Personnel 

 

If notification is given that an evacuation is necessary, all personnel shall evacuate the construction area 
via  the primary evacuation  route  (site‐specific  map  with  evacuation  route  to  be  attached  for  plant 
projects) and  await  further  instructions  from  the EC.  If direct access  to  the primary evacuation  route 
is  restricted  by  fire,  spill,  smoke,  or  vapor,  facility  personnel  shall  evacuate  the  facility  via  alternate 
evacuation  routes  to  the nearest accessible open area. 

 
5.2 First Responder 

 

Any individual who first observes a spill or any other imminent or actual emergency situation shall take 
the following steps: 

 
1. Assess the situation to determine if the situation poses an immediate threat to human health 

or the environment. 

2. Identify hazardous substances involved, if any. 

3. Report the emergency or spill to the MVP and Contractor EC(s) immediately. 

4. Standby at a safe distance and keep others away. 

5. Activate emergency shutdown, if necessary. 

 
The Contractor Superintendent shall act as the Emergency Coordinator for the Contractor. The Chief 
Inspector shall act as the Emergency Coordinator for MVP. The responsibilities of the Emergency 
Coordinator are presented in the remainder of this section. 
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5.2.1 Contractor EC Responsibilities 
 
The Contractor EC shall coordinate the response to all spills that occur as a result of Contractor operations. 
The  Contractor  shall  not  coordinate  the  response  of  spills  of  pipeline  liquids,  hazardous wastes, or 
the unanticipated release of hydrostatic test waters; these spills shall be coordinated by the MVP EC. 

 
Following are specific Contractor EC responsibilities: 

 

1. Determine  any  immediate  threat  to  human  health,  the  environment,  and  the  neighboring 

community. 

2. Ensure personnel safety and evacuate, if necessary. 

3. Identify source, character, amount, and extent of release. 

4. Determine if hazardous substances are involved. 

5. Inform the MVP EC and follow instructions. 

6. Direct and document remediation efforts to contain and control spill release. 

7. Document remedial efforts. 

8. Coordinate cleaning and disposal activities. 
 

5.2.2 MVP EC Responsibilities 
 
The MVP Emergency Coordinator shall coordinate clean‐up of all spills of pipeline liquids, hazardous 
wastes, and any unanticipated release of hydrostatic test water. 

 
Upon notification of pipeline  liquid  spills, hazardous materials  spills, or  the unanticipated  release of 
hydrostatic test waters, the MVP EC shall be responsible for the following: 

 
1. Assess situation for potential threat to human health, environment, and the neighboring 

community 

2. Implement evacuation, if necessary 

3. Ensure personnel safety 

4. Control source as conditions warrant 

5. Immediately notify supervisory personnel immediately for spills that meet one or more of the 
following criteria: 

a. One pound or more of a solid material  (excluding horizontal directional drilling mud 

spilled on land) 

b. Five gallons or more of a liquid spilled on land 

c. Any substance that creates a sheen on water 

d. Air pollution incidents where there might be a release of a toxic substance 

e. Unanticipated release of hydrostatic test water 

6. If necessary, notify the local fire department, law enforcement authority, or health authority as 

appropriate, and provide the following information: 

a. Name of the caller and call‐back number 
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b. The exact location and nature of the incident 

c. The extent of personnel injuries and damage 

d. The extent of release 

e. The material involved and appropriate safety information 

7. Ensure that any waste or product that might be  incompatible with a released material  is kept 

away from the affected area. 

8. Keep any potential ignition source away from emergency area, if spilled material is flammable. 

9. Minimize affected area with appropriate containment or diking. 

10. Assemble required spill response equipment as required (e.g., protective clothing, gear, heavy 

equipment, pumps, absorbent material, and empty drums). 

11. Place  spilled material  in  appropriate  containers,  in  accordance with  the MVP  Environmental 

SOPs. 

12. Label and store containers in accordance with the MVP Environmental SOPs. 

13. Coordinate waste disposal and equipment decontamination. 

14. Terminate response. 

15. Ensure that all emergency response equipment is fully functional. Any equipment that cannot be 

reused shall be replaced. 

16. For PCB spills, follow special spill response requirements related to PCB spills. 

17. Assist with the coordination of clean‐up and disposal activities as described in Sections 4.4, 4.5, 
and 4.6. 

18. If necessary, contact outside remediation services to assist with clean‐up. 

19. Complete Waste Removal Storage and Disposal Record Form to track waste generated during 

this project. 

20. Complete Field Spill Report (included at the end of this section) and distribute accordingly. 

21. For unanticipated  release of hydrostatic  test waters, notify  state contact  if  required by  state 
permit in accordance with timeframes required by state permit. 

22. As  required by permit, arrange  for  immediate  sampling of  the  test water  (from  the pipe or a 

representative  sample  of  released  water  where  possible)  or  soil  where  the  test  water  was 

released and water from adjacent watercourse if test water was released into the watercourse. 

Samples shall be analyzed in accordance with hydrostatic test discharge permit criteria. 

23. Ensure that an MVP representative notifies the municipal manager and/or mayor, as required. 

 
5.3 Emergency Equipment 

 

The construction site and r Contractor yards shall have adequate personnel and equipment necessary to 
divert  any  spill  from waterbodies  and wetland  areas.  Emergency  equipment  shall  include,  but  is  not 
limited  to,  shovels,  backhoes,  dozers,  front‐end  loaders,  oil  absorbent  booms,  pillows,  socks  and/or 
mats,  granular  oil  absorbent,  and  chemical  absorbent  pulp.  Table  5‐1  lists  emergency  response 
equipment and PPE (to be completed by Contractor). 
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TABLE 5‐1 
Spill Response Equipment 

Equipment  Quantity Location 
   
   
   
   
   
   

 
 

TABLE 5‐2 
Fire Response Equipment 

Equipment  Quantity Location 
   
   
   
   
   
   

 
 

TABLE 5‐3 
Personal Protective Equipment 

Equipment  Quantity Location 
   
   
   
   
   
   

 
 

5.4 Spill Clean‐Up/Waste Disposal Procedures 
 

The following identifies the clean‐up and control measures to be used in the event of a spill of oil, fuel, 
or hazardous substance or unanticipated release of hydrostatic test water. 

 

5.4.1  Oil and/or Fuel Spills 
 

 Ensure no immediate threat to surrounding landowners or environment. 

 Remediate small spills and  leaks as soon as feasible. Use absorbent pads whenever possible to 

reduce the amount of contaminated articles. 

 Restrict the spill by stopping or diverting flow to the oil and/or fuel tank. 

 If  the  release  exceeds  the  containment  system  capacity,  immediately  construct  additional 

containment using sandbags or fill material. Every effort must be made to prevent the seepage 

of oil into soils and waterways. 
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 If a  release occurs  into a  facility drain or nearby watercourse,  immediately pump any  floating 

layer  into  drums.  For high‐velocity watercourses, place  oils  booms  or hay  bales between  the 

release  area  and  the  site  boundary  and  downstream  of  affected  area.  As  soon  as  possible, 

excavate contaminated soils and sediments. 

 After all recoverable oil has been collected and drummed, place contaminated soils and articles 

in containers. 

 For  larger quantities of soils, construct temporary waste piles using plastic  liners and place the 

contaminated soils on top of the plastic and covered by plastic. Plastic‐lined, roll‐off bins should 

be leased for storing this material as soon as feasible. 

 Label the drum following the procedures outlined in the MVP’s Environmental SOPs. 

 Move drum to secure staging or storage area. 

 Document and report clean‐up activities of the MVP EC as soon as feasible. 

 If environmentally  sensitive  resources  (e.g., wetlands, waterbodies) exist  in  the area, ensure 

that BMPs as described in the ESCP are used to minimize impact to these resources. 

 
5.4.2 Hazardous Substance Releases 

 

 Ensure no immediate threat to surrounding landowners or environment. 

 Identify the material and quantity released. 

 Block off drains and containment areas to limit the extent of the spill. Never wash down a spill 

with water. 

 Ensure that PPE and containers are compatible with the substance. 

 Collect  and  reclaim  as much  of  the  spill  as  possible  using  a  hand  pump  or  similar  device. 

Containerize  contaminated  soils  in  an  appropriate  Department‐of‐Transportation  approved 

container  in accordance with  the MVP’s  Environmental SOPs.  (Note: Environmental SOP’s are 

located  in  all  division  and  area  offices  and  kept  by  all  engineering  teams.)  Never  place 

incompatible materials in the materials in the same  drum. 

 Sample the substances for analysis and waste profiling. 

 Decontaminate all equipment in a contained area and collect fluids in drums. 

 Label the drum. 

 Move the drum to secure staging or storage area. 

 Document and report activities to the MVP EC as soon as feasible. 

 If environmentally  sensitive  resources  (wetlands, waterbodies) exist  in  the area,  then ensure 

that BMPs as described in the ESCP are used to minimize impacts to these resources. 

 
5.4.3 Unanticipated Release of Hydrostatic Test Water 

 

 Ensure no immediate threat to surrounding landowners or environment. 

 If environmentally  sensitive  resources  (wetlands, waterbodies) exist  in  the area,  then ensure 

that BMPs as described in the ESCP are used to minimize impacts to these resources. 
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5.5 Disposal of Contaminated Materials and/or Soils 

 
 The Contractor shall work with the MVP EC to characterize waste generated during this project. 

All wastes  generated  as  a  result of  spill  response  activities  shall be  analyzed  to  determine  if 

hazardous or if PCBs are greater than 1 ppm. Knowledge of the contaminant(s) might be applied 

to classify the waste and spill materials as determined by the MVP EC. 

 The Contractor is responsible for properly disposing of wastes generated during this project that 

is determined by  the MVP EC  to be nonhazardous  and  to  contain PCBs  less  than 1 ppm;  this 

includes obtaining applicable authorizations and registrations for waste disposal. 

 The MVP  EC  is  responsible  for  properly  disposing  of  hazardous  and  PCB‐containing  wastes 

containing greater than 1 ppm generated during this project, including obtaining applicable U.S. 

Environmental Protection Agency ID numbers. 

 Hazardous and PCB‐containing waste shall be stored  in a secured  location  (i.e.  fenced,  locked) 

until the material  is transported off site. At no time shall hazardous waste be stored  for more 

than 90 days or a waste containing PCBs with more  than 50 ppm be stored  for more  than 30 

days. 

 
5.6 Equipment Cleaning/Storage 

 
 Upon  completion  of  remedial  activities,  the  Contractor  shall  decontaminate  emergency 

response  equipment  used  to  remediate  a  spill  resulting  from  its  operations.  MVP  shall  be 

responsible if the spill is hazardous material. 

 The  Contractor  shall  be  responsible  for  disposing  of  any  contaminated  waste  or  non‐PCB 

containing waste generated as a result of the decontamination process. 

 MVP shall be responsible for disposing of any contaminated Hazardous Waste or PCB Containing 

Material generated as a result of the decontamination process. 

 The  Contractor  shall  replace  all  spent  emergency  response  equipment  prior  to  resuming 

construction activities if spill resulted from their operations. 

 The Contractor shall test and inventory reusable PPE prior to being placed back into service. 
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6.1 REGULATORY COMPLIANCE 
 

This  section provides  the  reader with a high‐level overview of  the  regulatory  requirements addressed 
in  this  SPCC  Plan.  This  section  is  arranged  by  activity,  in  typical  order  or  occurrence  by  job,  with 
the  corresponding regulation. 

 

 
Regulatory Compliance by Activity 

Activity Type  Federal Regulation
Citation 

State
Regulation 

Citation 

SPCC Plan Section 

General Applicability 
Is facility under purview 
of regulations? 

40 CFR Part 112 
 

 

9 VAC 25‐91 
 

Does facility comply with 
applicable regulations? 

40 CFR Part 112 
 

 

9 VAC 25‐91 
 

Materials Storage and Handling 
Material and Waste 
Inventory 

40 CFR Part 112  9 VAC 25‐911  Spill Plan (Section 3)Waste
Management (Section 2) 

Material Transport and 
Disposal 

40 CFR Part 112  9 VAC 25‐911  Contingency Plan (Section 
5) 

Spill Prevention and Containment 
Emergency Response 
Contacts 

40 CFR Part 112 
 

 

9 VAC 25‐911   
 
 

Spill Plan (Section 3) 
Training  40 CFR Part 112 9 VAC 25‐911 

Security  40 CFR Part 112 9 VAC 25‐911
Prevention and 
Preparedness 

40 CFR Part 112 
 

 

9 VAC 25‐911 

Facility Information  40 CFR Part 112 9 VAC 25‐911 
Facility Drainage and 
Routes of Flow 

40 CFR Part 112  9 VAC 25‐911 

Inspections and Reporting 

Emergency Response 
Contacts 

40 CFR Part 112 
 

 

9 VAC 25‐911   

Spill Plan 
(Sect ion  3)  
Contingency Plan 
(Section 5) 

Inspections, Tests, and 
Records 

40 CFR Part 112  9 VAC 25‐911 

Discharge Reporting  40 CFR Part 112 
 

9 VAC 25‐911 



SPILL PREVENTION, CONTROL, AND COUNTERMEASURE (SPCC) PLAN AND 
UNANTICIPATED DISCOVERY OF CONTAMINATION PLAN 

23

 

 

 
Regulatory Compliance by Activity 

Activity Type  Federal Regulation
Citation

State Regulation
Citation

Plan Section 

Spills and Response 
Emergency Procedures 
and Response 

40 CFR Part 112 
 

9 VAC 25‐911   

Spill Plan 
(Sect ion  3)  
Contingency Plan 
(Section 5) 

Discharge Notification  40 CFR Part 112 9 VAC 25‐91

Clean‐up  40 CFR Part 112  9 VAC 25‐911 

Wastewater Discharge 

Facility Drainage  40 CFR Part 112 9 VAC 25‐911  Spill Plan (Section 3)
1 if an oil discharge contingency plan  is required 
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Appendix A 
Unanticipated Discovery of Contamination Plan 

Unanticipated Discovery of Contamination Plan Introduction 
 

The purpose of this Unanticipated Discovery of Contamination Plan (Plan) is to provide work, investigation, 
and  reporting  procedures  for  responding  to  the  unanticipated  discovery  of  contamination  in  soil, 
groundwater,  or  sediment  during  excavation,  construction,  or maintenance  activities  associated with 
construction of the MVP Pipeline Project. 

 

Consistent with this purpose, the objectives of this Plan are to protect the health and safety of project 
personnel  and  the  environment  and  to  prevent  the  spread  of  contamination  during  and    after  an 
unanticipated discovery of contamination. 

 
The greatest potential for the discovery of unanticipated contamination will occur during the excavation 
of  the pipeline  trench and horizontal boring procedures. T h e   f o l l o w i n g   r e s p o n s e  p l a n  w i l l  
b e   e x e c u t e d  if  any  Project  personnel  detects  potential  contamination such as: 

 Odor; 

 Visible staining on soil; 

 Sheen on ground or purge water; 

 Unidentified underground service tank; or 

 Potential cultural resources, including human remains. 

Unanticipated Discovery Response Plan 
 

Stage 1 – Suspend Work Activities 
All construction and/or maintenance work in the immediate area of the discovery shall stop. Personnel 
shall move to upwind areas as necessary. 

 
Stage 2 – Identify Immediate Threats 
If an  immediate threat  is detected, emergency response (i.e., 911) shall be notified. The area shall be 
evacuated. 

 
Stage 3 – Identify and Secure Area 
If safe to do so, the area immediately around the potential contamination shall be secured with safety 
fencing or flagging. Site personnel shall remain on site to restrict access as appropriate. 

 

Stage 4 – Conduct Notifications 
Appropriate  MVP  environmental  professionals  and  officials  shall  be  notified  of  the  potential 
contamination.  It  shall  be  the  decision  of  the MVP  environmental  professional  (TBD)  to  determine 
environmental agency or public official notification requirements. Primary points of contact are: 

MVP: Megan Neylon, Environmental Permitting Supervisor, 724‐873‐3645 
Virginia DEQ:VA Department of Emergency Management Watch Center, 800‐468‐8892USFS :  Jefferson 

National Forest Supervisor,  540‐265‐5118
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Stage 5 – Discovery Documentation Protocol 
An appropriate MVP employee or designee will document the unanticipated contamination utilizing the 
attached Worksheet 1. Worksheet 1 includes instructions for the appropriate MVP employee or designee 
to  record  the  site  name,  locations,  and  how  suspected  contamination  was  determined.  The  MVP 
employee  or  designee  will  coordinate  with  the  construction  contractor(s)  who  identified  the 
contamination to assist in completing Worksheet 1. 

 
Stage 6 – Remedial Action Planning 
An  onsite  meeting  (if  appropriate)  will  be  conducted  among  site  personnel,  MVP  environmental 
professionals,  and  any  appropriate  contamination  response  contractors  to  determine  remediation 
requirements and methodologies. If remediation activity is appropriate, an environmental consultant (if 
appropriate)  should  be  contacted  to  assist with  the  remedial  activity.  Remedial  activities  should  be 
conducted according to the following general sequence of events. This is a general plan and is not meant 
to  apply  to  all  contamination  situations. A more  robust,  site‐specific  remedial  action  plan  should  be 
completed by an environmental consultant prior to completing remedial activities. 

 
Step  1:  Sampling  –  Representative  samples  should  be  collected  and  submitted  to  an 
environmental  laboratory  for analysis and/or waste  classification. Results of  this analysis may 
dictate notification requirements. An environmental consultant can assist  in the determination 
of these requirements. 

 
Step 2: Remedial Action Determination – Following laboratory analysis, the MVP environmental 
professional  and/or  the  environmental  consultant  will  evaluate  the  analysis  results  and,  if 
appropriate, identify the type of remediation (in‐situ, removal, etc.) to be completed. 

 
Step  3:  Remedial  Action  –  MVP  will  mobilize  an  appropriate  contractor,  and  remediation 
activities will be conducted. Any soil and/or groundwater suspected of containing contamination 
will be segregated from clean soil and/or water using plastic sheets, fractionation tanks, or other 
appropriate methodologies. Containers will be clearly  labeled. Known hazardous wastes will be 
labeled and separated with orange construction fencing. 

 
Step  4:  Disposal  –  Wastes  will  be  disposed  of  properly  at  a  permitted  facility.  MVP 
environmental  professional  or  its  environmental  consultant  will  determine  disposal 
requirements. 

 
Stage 7 – Record Keeping 
A record of the sequence of events from the beginning (unanticipated discovery) to the end (disposal) of 
the  incident will be recorded and kept on file with  the MVP environmental professional  in accordance 
with all mandated record keeping requirements. 
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Worksheet 1 – Unanticipated Discovery of Contamination Documentation Worksheet 
 

Instructions: Complete this worksheet to document an unanticipated discovery of contamination event. 
Use a separate sheet (copy) for each occurrence. 

 
 

A. Site Name, Physical Location, and Milepost 
 
 

 

 
 

 

 
 

 

 
 

 

 

B. How Suspected Contamination was Determined (odor, stain, sheen, etc.). Include photographs 
as appropriate. 

 
 

 

 
 

 

 
 

 

 
 

 

 

C. List dates, times, and officials notified 
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Environmental Response Contact Sheet 
 

Primary points of contact are: 

MVP:  Megan Neylon, Environmental Permitting Supervisor, 724‐873‐3645 
Virginia DEQ:  Virginia Department of Emergency Management, 800‐468‐8892 

 

Additional points of contact may be identified prior to construction 
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Appendix B 
Key Emergency Contacts 

 
Following are the key personnel who shall be contacted in the event of an emergency or spill incident. 

 
 

Contact Name  Phone Number 
 

 

1. MVP Emergency Contacts 
MVP Emergency Coordinator  To be provided prior to construction 
(within 15 minutes of incident) 

 
 
 
2. Contractor Emergency Contact 

Contractor Emergency Coordinator  To be provided prior to construction 
 
 

 

3.  Local Authorities (as necessary)   

  State Police  To be provided prior to construction 

  Local Police   
  Local Fire Department   
  Hospital   
  Ambulance   

 
 
 

4. Environmental Agencies 
Notification to be made by an MVP representative. 

 

Virginia Department of Emergency Management 
Watch Center  
(800)‐468‐8892 (24 
hours) 

 
 
5. Potential Environmental Remedial Service Contractors (verify before issuing project‐specific SPCC Plan) 

Clean Harbors Environmental Services, Inc.: 800‐645‐8265 Safety‐
Kleen (FS), Inc.: Edward A. Mitchell, 713‐750‐ 5800 
U.S.A. Environment: Cesar Garcia, 713‐425‐6925 or 832‐473‐5354 (cell phone) 
WRS Infrastructure and Environment, Inc.: Steve Maxwell, 281‐731‐0886 
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Appendix C 
Petroleum and Hazardous Material Spill Report 

 
The Contractor must complete this for any petroleum or hazardous material spill regardless of size, and 
submit the form to the MVP EC within 48 hours of the occurrence. 

 

Date of Spill Incident No.: Date  of  spill  discovery 
 
 

 

 

Time of Spill Time of Spill Recovery   

Location Name: Spread: County    

Section Township    Range    

Name and title of discoverer:     

Type of material spilled and product name 
 
 

 

 

Manufacturer’s name:      

Legal description of spill location    

Directions  from nearest community: 

 
 

 

Estimated volume of spill: 
 
 

 

 

Weather conditions:    

Topography and surface conditions of spill site: 
 
 

 

 

Spill medium (e.g., pavement, sandy soil, water): 
 
 

 

 

Proximity of spill to surface waters or wetland: 
 
 

 

 

Did the spill reach a watercourse? 

If so, was a sheen present? 

Yes  No 

Yes  No 

Direction              and              time              of              travel              (if in  watercourse):      

Name and                  telephone                  number                  of                  responsible                  party:      

Causes and circumstances resulting in the spill:     
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Extent of observed contamination, both horizontal and vertical (e.g., spill‐stained soil in a 5‐inch radius 

to a depth of 1 inch): 

 
 

 

Potentially affected resources and installations:    

Potential impact on human health: 
 
 

 

 

Immediate spill control and/or clean‐up methods used and implementation schedule:    
 
 

 

 

Current status of clean‐up actions:    
 
 

 

 
 
Name, company, address, and telephone number for the following: 

 
 

Construction Superintendent:        

Spill Coordinator: 

Person                            who                            reported                            the                            spill:        

Environmental  Inspector:      

On‐Scene Agency Coordinator (where applicable):     

Form completed by:     Date     
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1.0 INTRODUCTION 
The Mountain Valley Pipeline (MVP) Project is a proposed 42-inch-diameter natural gas pipeline system 
that spans approximately 303 miles from northwestern West Virginia (Wetzel County) to southern Virginia 
(Pittsylvania County). The Project will be constructed and owned by Mountain Valley Pipeline LLC, which 
is a joint venture of EQT Corporation, NextEra Energy, Inc., Con Edison Gas Midstream, LLC, WGL 
Holdings, Inc., Vega Energy Partners, Ltd., and RGC Midstream, LLC. 

Many portions of the proposed Mountain Valley Pipeline Project (Project) route are in landslide susceptible 
areas as mentioned in Section 6.6 of Resource Report 6 (Ref. 1) and as shown on Figure 6.4-3 of the same 
report.  Slope information along the Project is provided in Resource Report 1, Appendix 1-I. Landslides in 
the Project area occur primarily in weathered bedrock or colluvial soil and within old landslide debris 
located on steep slopes.  Numerous landslides on the Appalachian Plateau have developed in soils derived 
from sedimentary rocks.  Shale, especially red beds and shale-limestone sequences, disintegrate rapidly into 
clayey soil upon exposure.  Most landslides involving soil and weathered bedrock consist of smooth, 
integrated, thin earth-flow slabs that may be many square yards in area but generally are less than about 
eight feet thick.  Commonly, the slabs move no faster than about three feet or six feet per year and are 
normally underlain by material containing water with a hydrostatic head of as much as seven feet.  In both 
the folded Appalachians and the Blue Ridge Mountains, numerous slow-moving debris slides form in 
colluvial soil and scree that are particularly abundant on slopes underlain by sandstone and metamorphic 
rocks.   

MVP has performed a review of potential areas of landslide or rockfall concern along the pipeline 
alignment.  This was completed through review of available historic aerial photographs, soils data, and 
topographic maps to identify indications of potential landslide hazards.  Areas investigated as part of this 
report are shown on the project alignment sheets and erosion and sediment control plans. 

MVP has developed this Landslide Mitigation Plan to outline the special procedures and best management 
practices (BMPs) that will be implemented during the pipeline installation and post-construction periods to 
mitigate landslide occurrence. 

All mileposts (MP) reference herein refer to the October 2016 Proposed Route unless otherwise specified.  

2.0 FIELD INSPECTION 
MVP has completed field observations of the steep sidehill slope sites where potential stability issues were 
identified, as summarized Table 1 of this document.  The field observations for these sites included slope 
characteristics, GPS mapping of observed slides, slumps, rockfalls, scarp locations, and the presence of 
geotropically affected trees, drainage features, and gullying. In 2015, investigations were conducted by a 
consulting geotechnical engineer with experience in landslide evaluation, whose resume is attached.  In 
2016 and 2017, additional site visits were conducted by MVP personnel with experience in landslide 
evaluation. 

3.0 SLOPE EVALUATIONS 
The occurrence of a landslide is dependent on a combination of site-specific conditions and influencing 
factors.  Common factors that contribute to landslides principally fall into four broad categories (WSDOT 
2014): 
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 Climatic/hydrologic (rainfall or precipitation) 
 Geomorphic (slope form and conditions) 
 Geologic/geotechnical/hydrogeological (material type and groundwater) 
 Human activity 

Climatic factors that influence landslides include the duration of rainfall events, intensity of rainfall, type 
of precipitation (rain or snow), and rainfall conditions over a period of time (antecedent conditions).  It is 
common for landslides to occur after intense or prolonged periods of rain.  Some episodes of widespread 
landslide occurrences correspond to storms that involve the rapid melting of previously accumulated snow 
by wind and warm rain.  The most disastrous landslide events in the Appalachian Plateau region have been 
associated with persistent rainfall followed by a heavy downpour along steep slopes which causes debris 
flows and debris avalanches.  Debris flows develop on steep slopes as a result of heavy rainfall that saturates 
the soil, which under the extra weight and lubrication breaks loose and becomes slurry that pulls surface 
vegetation and large trees downslope.  Infiltration of precipitation into surface soils was considered in the 
mitigation measures presented in this report. 

Geomorphic factors that affect slope stability include height and steepness, as well as vegetation and 
underlying geology.  Increased steepness, concave topographic slopes and slope height generally correlate 
with reduced stability.    A lack of vegetative cover will also increase the amount of rainfall that can infiltrate 
the slope surface.  Vegetation generally inhibits surface soil erosion with erosion occurring much more 
rapidly on bare slopes.  Whether water infiltrates into the ground or runs off is influenced by both surface 
vegetation and the permeability of the geologic substrate, its degree of saturation, and precipitation 
intensity.  Either shallow bedrock conditions or a compact and fine-grained soil unit at depth will tend to 
cause a saturation and weakening of the near-surface, loosened soil.  The approximate depth to bedrock 
along the pipeline is indicated in Resource Report 6, Appendix 6-B.   

As mentioned in Section 1.0, the geologic and geotechnical characteristics of the region contribute to slope 
instability.  Landslides along the project route will occur primarily in weathered bedrock or loose colluvial 
soil and within old landslide debris located on steep slopes.  Exposed sedimentary rock formations can 
erode rapidly and create soils prone to landslides. Most landslides along the route are expected to be thin 
earth-flow type slabs rather than deep-seated circular failures.  Rockfalls are also a potential hazard below 
bedrock outcroppings at or near the top of steep slopes associated with the cliff-forming formations such 
as sandstones, granite, and gneiss.  These outcrops may be weathered by wind or rainfall and become 
loosened, leading to a violent cascade downhill, often triggering a larger landslide.  Landslides also 
commonly recur in the same areas, thus evidence of previous events is important to the slope evaluations.  
Areas of high groundwater table and surface drainage paths can also contribute to the instability of slopes.  
Drainage paths or streams can over-steepen slopes from erosion.  If known, the Hydrologic Soil Group for 
the surface soils is indicated in the site description.  Hydrologic soil groupings are used to describe the 
minimum rate of infiltration obtained for bare soils after prolonged wetting. 

Human activities are a common contributor to landslide events.  Large excavations and fills located in 
mountainous areas related to rural development have increased the number of and potential for landslides.  
Development of this type tends to create over-steepened slopes and drainage alteration that leads to the 
potential for many landslides.  The removal of surface vegetation during land development can affect slope 
stability through increased infiltration of rainfall. 

Table 1 contains descriptive notes for each of the 37 slope areas of concern along the pipeline.  These 
descriptions were obtained from Table 6.4-6 and augmented with notes from the field surveys, where 
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possible.  In addition, three areas within Jefferson National Forest (JNF), at the request of JNF personnel, 
and several areas identified in realigned areas of the route were also investigated and included in Table 1.  
Six additional areas were investigated at the request of the JNF and are discussed in detail in the Site-
Specific Design of Stabilization Measures in Selected High-Hazard Portions of the Route of the Proposed 
Mountain Valley Pipeline Project in the Jefferson National Forest. 

  Table 1 ‐ Landslide Concern Areas Crossed by the Mountain Valley Pipeline 

Designation 
Beginning 

MP 
Ending 
MP 

Length 
Crossed 
(feet) 

Slope 
(%) [a] 

Signs of 
Recent 

Movement 
[b] 

Notes [c] 

MVP‐LMP‐
WE‐01 

3.3  3.8  2147  33  No* 
Dormant slide and/or soil prone to movement. 
Intersects at least three natural drains.  

MVP‐LMP‐
HA‐02 

28.0  28.2  967  29  No* 
Near well appurtenances. Side cut would run 
across at least three natural drains. 

MVP‐LMP‐
DO‐03  32.4  32.6  749  32  No* 

Dormant slide and/or soil prone to movement. 
Located at toe of slope. Hillside previously 
cleared.  

MVP‐LMP‐
HA‐04  33.4  33.6  570  42  No* 

Dormant slide and/or soil prone to movement. 
Located at toe of slope. Hillside previously 
cleared.  

MVP‐LMP‐
DO‐05 

34.2  34.4  377  28  No* 
Moderate side slope, includes slight pipe bend. 
Cuts across at least one natural drain.  

MVP‐LMP‐
DO‐06  34.4  34.6  907  28  No* 

Downslope of ridge. Cuts across at least three, 
possibly four or five natural drains and one or 
two four‐wheeler paths.  

MVP‐LMP‐
DO‐07  35.1  35.4  869  40  No* 

Construction equipment may need to be staged 
on sidehill here. Southeastern side less steep, 
may be better to stage.  

MVP‐LMP‐
LE‐08 

43.3  43.5  494  30  No*  Steep side slope, but ridge within right‐of‐way.  

MVP‐LMP‐
LE‐09 

46.2  46.5  1113  15‐33  Yes* 
Gravitropism and natural drains on a moderate 
side slope.   

MVP‐LMP‐
LE‐10  46.6  46.8  448  36  Yes* 

Existing dormant slide possibly upslope, and 
active within past twenty years. Cuts across at 
least one natural drain, possibly two.  

MVP‐LMP‐
LE‐11 

53.0  53.3  872  22  No* 

Adjacent slopes composed of dormant slides. 
Moderate side slope directly below cemetery. 
Cuts across some kind of existing right‐of‐way or 
road, and at least two natural drains.  

MVP‐LMP‐
LE‐12 

55.1  55.2  224  35  No* 
Moderate side slope, cuts across toe of slope. No 
signs of recent movement. 

MVP‐LMP‐
LE‐13 

57.2  57.7  806  18 ‐ 40  No* 
Right‐of‐way will run alongside hill with 32% 
grade and a 40% grade directly below it.    

MVP‐LMP‐
BR‐14 

66.8  67.0  826  15‐34  No* 
Moderate side slope subjacent to Weston and 
Gauley Bridge Turnpike Trail. 

MVP‐LMP‐
BR‐15 

69.2  69.5  1128  29  No* 
Cuts across one large natural drainage. No signs 
of recent movement. 
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  Table 1 ‐ Landslide Concern Areas Crossed by the Mountain Valley Pipeline 

Designation 
Beginning 

MP 
Ending 
MP 

Length 
Crossed 
(feet) 

Slope 
(%) [a] 

Signs of 
Recent 

Movement 
[b] 

Notes [c] 

MVP‐LMP‐
WB‐16 

81.8  82.1  1462  35  No* 

Route crosses dormant slide area. Moderate side 
slope. No natural drains, but is directly above 
house or farm structure. Landowner issues may 
force it to be on the east side below the road, 
intersecting at least three natural drains.  

MVP‐LMP‐
WB‐17  82.5  82.6  602  45  No* 

Route cuts through a colluvial slope which is very 
prone to sliding. Very steep side slope, right 
above ravine, possibly crossing one natural drain.  

MVP‐LMP‐
NI‐18  111.7†  111.8†   231  12 – 39  No 

Moderately steep slope. Pipeline cuts through 
either dormant slide or slide‐prone material.  Not 
included in October 2016 Proposed Route. 

MVP‐LMP‐
NI‐19  122.5  123.0  2547  7 – 43  No* 

Crosses at least 5 streams or natural drains.  Cuts 
through dormant slide or material prone to 
sliding. 

MVP‐LMP‐
NI‐20  123.1  123.2  362  22  No* 

Route crosses soil prone to movement. Mild side 
slope directly below power line right‐of‐way. Cuts 
across one natural drain.  

MVP‐LMP‐
NI‐21 

124.3  124.8  648  15 ‐ 20  Yes* 
Possible recent landslides, and this portion of 
route crosses through soil prone to movement. 

MVP‐LMP‐
NI‐22  127.2  127.4  631  12 – 39  No* 

Moderately steep slope below ridge. Cuts 
through dormant slide or material prone to 
sliding.  Crosses an existing logging road. 

MVP‐LMP‐
NI‐23  127.9  128.0  423  10 – 60  No* 

Moderately steep slope below point. Cuts 
through dormant slide or material prone to 
sliding. 

MVP‐LMP‐
NI‐24 

132.0  132.1  646  25  No* 

Portion of route is adjacent to soil prone to 
movement to the west and a dormant slide to the 
east. Moderate side slope. Cuts across at least 
one natural drain.  

MVP‐LMP‐
GB‐25  145.3  146.1  8000  30 ‐ 35  No* 

Steep and very long side slope.  Cuts across at 
least 3 natural drains.  Two hard 90s one after the 
other in route. 

MVP‐LMP‐
SU‐26  164.6  165.15  1320  33 ‐ 43  No* 

Steep side slopes outside of construction right‐of‐
way.  Two gullies at saddles are outside of the 
construction right‐of‐way. 

MVP‐LMP‐
MO‐27 

182.4  182.8  808  18 ‐ 28  Yes* 
Some slope movement is indicated on historical 
imagery within the past 20 years.  

MVP‐LMP‐
GI‐28 

197.4  197.6  1800  18 ‐ 26  No*  Jefferson National Forest:  

MVP‐LMP‐
GI‐29 

198.4  199.1  2300  18 ‐ 35  No*  Jefferson National Forest:  

MVP‐LMP‐
GI‐30 

204.4  204.8  1120  39  No 
Lateral slope side cut, paralleling transmission 
power line.  

MVP‐LMP‐
GI‐31 

211.5  211.8  1184  32 – 53  No* 
Very steep slope, centerline may or may not be 
on ridge. Directly above U.S. 460.  
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  Table 1 ‐ Landslide Concern Areas Crossed by the Mountain Valley Pipeline 

Designation 
Beginning 

MP 
Ending 
MP 

Length 
Crossed 
(feet) 

Slope 
(%) [a] 

Signs of 
Recent 

Movement 
[b] 

Notes [c] 

MVP‐LMP‐
MN‐32 

219.6  220.9  1200  25 ‐ 40  No*  Jefferson National Forest:  

MVP‐LMP‐
MN‐33 

220.6†  220.7†  310  59  No 

Very steep slope where route makes a 90 degree 
turn off the ridge. Very short section, but because 
of the severity of slope, could be prone to 
slippage. Cuts across one stream.  Not included in 
October 2016 Proposed Route. 

MVP‐LMP‐
MN‐34  221.8†  221.9†  380  46  No* 

Steep slope runs alongside of knoll, directly above 
substation.  Not included in October 2016 
Proposed Route. 

MVP‐LMP‐
MN‐35 

229.2  229.3  640  28  No*  Slight sidehill.  Crosses stream. 

MVP‐LMP‐
FR‐36  261.2  261.2  179  40  No* 

Steep side slope, but just for small section. 
Running just below ridge line through a gulley. 
Crosses one natural drain.  

MVP‐LMP‐
FR‐37  263.9†  264.0†  368  34  No* 

Steep side slope. Running just below ridge line 
through a gulley. Crosses one natural drain. Not 
included in MVP’s October 2016 Proposed Route. 

  [a] Design slope is based on desktop and field review, or range from map analysis of alignment. 

[b] Based on historical imagery. 

[c] Based on available landslide mapping and field survey. 

* A field review of this site was performed.  
† Refers to MVP Route 4.0.0 mileposts. 

 

4.0 STEEP SLOPES AND RED SHALE 
The MVP route will cross numerous bedrock strata, including the Conemaugh, Monongahela, and Dunkard 
Formations and Mauch Chunk Group.  These groups contain landslide-prone shale formations that are 
sometimes referred to as “red beds” and are frequently associated with landslides that occur in the project 
area.  Detailed descriptions of each formation/group are presented below. Figure 1 illustrates areas where 
the aforementioned shale formations are present along the pipeline route.     

Landslides are documented to be associated with red beds that form in the Conemaugh Formation, 
Monongahela Formation, Dunkard Group, and Mauch Chunk Formation.  Red beds refer to shale or 
siltstone layers that can appear red, reddish-gray, or greenish-gray due to the presence of iron bearing 
minerals.  These shales are generally slightly fissile, jointed, and slickensided.   As these shales are exposed 
to water and oxygen near the surface they weather very easily into a thick mud.  In addition, impervious 
layers located beneath the shale may trap water and cause the weathered shale to become saturated.  Steep 
slopes, that are often present in these areas, along with the weathered shale and mud, produce conditions 
that increase the likelihood for landslides.   

Two common types of landslides include rotational slump, and earthflow.  Rotational slump is characterized 
by the movement of a large mass of weak rock or sediment as a block unit along a curved slip plane.  These 
slumps are large, slow moving and produce several distinctive topographic features.  The upper section 
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(crown or head) is characterized by transversely oriented rupture scarps that can form terraces of displaced 
blocks.  Depressions and pools of water may form and trees may become inclined upslope.  The lower 
section (toe) is characterized by a fan-shaped, bulging mass, and radial ridges and cracks.  Vegetation on 
the toe slopes may be seen leaning in strange directions.  Earthflow landslides are smaller in size and result 
in weathered rock or sediment that flows downslope as a jumbled mass, forming a hummocky topography 
of ridges and swales. 

Conemaugh Formation (Upper Pennsylvanian) 
The Upper Pennsylvanian-aged Conemaugh Formation consists of cyclic sequences of shale, siltstone, 
sandstone, red beds, thin impure limestone, thin nonpersistent coal, and underclay, semi-flint clay, and flint 
clay.  The Conemaugh Formation is formally divided into two members, the upper Casselman Formation 
and the lower Glenshaw Formation, however, several informal members exist as well.  The lower member, 
the Sandy Grove Sandstone Member, is overlain by the Pittsburgh red shale.  Sandstone in the Conemaugh 
Formation is described as medium-light-gray, very fine- to course grained, locally conglomeratic with well-
rounded quartz pebbles and subangular limestone and shale fragments, thin bedded to massive.  The shales 
and siltstones in the Formation are generally described as medium and greenish-gray to grayish-red, slightly 
fissile to poorly bedded, soft, clayey to silty; includes hematite nodules and discontinuous beds of 
limestone.    The red beds and shales of the Conemaugh Formation are associated with landslides.  Coal 
beds are also found in the Conemaugh Formation and are often underlain by underclay, flint clay, or semi-
flint clay.  These clays are described as medium-gray to grayish-red, poorly bedded with conchoidal fracture 
and containing fossil root prints.  Coal and limestone beds in the Formation are generally thin bedded 
(around four feet).  Limestones consists of medium-gray to light-grayish brown, nodular paleokarst 
surfaces, mudstone to packstone, and containing fossils.   

Monongahela Formation (Upper Pennsylvanian) 
The Upper Pennsylvanian-aged Monongahela Formation consists of non-marine cyclic sequences of 
sandstone, siltstone, red and gray shale, limestone, and coal.  The Formation extends from the top of the 
Waynesburg coal to the base of the Pittsburgh coal and also includes the Uniontown, Sewickley, and 
Redstone coals.  In West Virginia, the thickness of the Formation generally ranges from 170 feet to 300 
feet. Sandstone in the Formation is described as medium-light-gray, very fine- to coarse-grained, 
conglomeratic with rounded quartz pebbles; thin-bedded to massive.  Siltstone and shale in the Formation 
are described as medium- dark-gray to grayish-red, thin to poorly bedded, slightly fissile, silty, 
carbonaceous, and slightly calcareous.  The shales and siltstones of the Formation, commonly known as 
red beds, are associated with landslides.  Coal beds are also found in the Monongahela Formation and are 
often underlain by underclay, flint clay, or semi-flint clay.  These clays are described as medium-gray, 
grayish-yellow, grayish-red, poorly bedded and brecciated with conchoidal fracture and containing fossil 
root prints. 

Dunkard Group (Upper Pennsylvanian/Permian) 
The Upper Pennsylvanian/Permian-aged Dunkard Group consists of non-marine cyclic sequences of 
sandstone, siltstone, red and gray shale, limestone, and coal.  The Dunkard Group contains the Greene, 
Washington, and Waynesburg Formations.  The maximum thickness of the Group, in Wetzel County, West 
Virginia, is estimated to be about 1,190 feet.  Thin coal beds are often underlain with underclay, flint clay, 
or semi-flint clay that may contain fossil root prints.  The coal beds are often overlain with multi-story, 
thick channel-form sandstone bodies with undulating, erosive bases and roof shale.  Sandstones may grade 
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upward back into siltstone, and gray, green, or red shale.  Calcarious nodules and slickensides are also 
present in the shales.  Red, green, or gray, mudstone or claystone paleosols may also develop indicating 
periods of wetting and drying.  These paleosols are typically overlain by nonmarine lacustrine limestone 
beds.  Individual limestone beds are generally less than five feet thick and display evidence of subaerial 
exposure.  Limestone beds are frequently interbedded with argillaceous limestone, calcareous mudstone, 
and calcareous shale.  Red facies of red colored shale, siltstone, and paleosols are prevalent throughout the 
Dunkard Group and are associated with landslides. 

Mauch Chunk Group (Mississippian) 
The Mississippian-aged Mauch Chunk Group consists of red, green, and medium-gray shale, siltstone, 
sandstone, and some conglomerate with a few thin limestones.  The Mauch Chunk Group contains the 
Bluestone and Princeton, Hinton, and Bluefield Formations.  In West Virginia, the thickness of the Group 
ranges from 970 feet to 4150 feet. 

The Bluefield Formation of the Mauch Chunk Group consists of Limestone, siltstone, and shale.  Limestone 
is light-grayish-brown, dolomitic, cherty, and fossiliferous.  Shale is medium-gray to light-grayish-red, 
silty, thin and evenly bedded, very calcareous.   

The Hinton Formation overlies the Bluefield Formation and consists of red shale and siltstone; sandstone, 
limestone, and dolomite are also present.  The sandstone member at the base of the Formation is light-gray 
to white, very fine- to coarse-grained, cross-bedded quartzose with few scattered rounded quartz pebbles.  
The middle member of the Formation, the red member, consists of red silty shale that is locally calcareous 
and interbedded with thin beds of sandstone, siltstone and impure limestone, and dolomite.   The limestone 
member of the Hinton Formation consists of dark calcareous shale or gray to brownish-gray, fossiliferous, 
impure shaly limestone.  The upper member of the Hinton Formation consists of red, greenish-gray, and 
gray shale which is locally calcareous and contains several nonpersistent lenticular beds of sandstone and 
siltstone.  

The Princeton Sandstone consists of white quartzose cross-bedded massive sandstone with rounded 
medium grains and some fine- to coarse-grained and conglomeratic zones.  The sandstone is cemented with 
calcium carbonate or silica.  Some gray to red shale, limestone, and coal are also present.  

The Bluestone Formation consists of mostly interbedded shale, mudstone, siltstone, sandstone, limestone, 
and thin, impure coal seams.  The lower member of the Bluestone Formation, the gray shale member, 
consists of gray and black shale which contains some beds of siltstone, sandstone, red shale, and limestone.  
The shale is calcareous and locally carbonaceous.  The upper half of the member is mostly conglomeratic 
sandstone.  The middle member, the red member, is composed of calcareous red shale with some siltstone, 
small amounts of calcareous sandstone and lenticular beds of limestone.  The upper member of the 
Bluestone Formation consists of white, gray and greenish-gray sandstone.  The sandstone is medium- to 
coarse-grained and locally conglomeratic and contains cross-bedding.  The sandstone is interbedded with 
gray, green, black, and red shale and siltstone. 

The Mauch Chunk consists of red and green shales, similar to the red beds found in the Conemaugh and 
Monongahela Formations.  The shales are moderately high in clay minerals, are highly susceptible to 
weathering, and are prone to mass wasting.  The residual soils have a moderate shrink-swell potential and 
are susceptible to gully erosion. 
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5.0 POTENTIAL MITIGATION MEASURES 
The basic strategies to protect against landslides and slope instability along the pipeline corridor during 
construction are stabilization, drainage improvement, and erosion and runoff control.  Mitigation measures 
that may be used on MVP are outlined below and prescribed to specific project areas in Section 8.0.  
Construction typical drawings for selected mitigation measures are shown in the Appendix. 

 Excavation and/or Regrading of Upgradient Head Soils: Regrading to a flatter slope upgradient of 
the pipeline excavation will increase the slope stability factor of safety by reducing the weight of 
soil at the top of the slope. 

 Bedrock Embedment:   Installing the pipeline completely within a bedrock trench will protect the 
pipeline integrity in the event of a surficial landslide.  

 Dewatering: Dewatering a slope is often the most cost effective means to stabilize a slope and 
prevent future landslides.  Saturated soil has an increased unit weight and higher pore water 
pressure, both of which negatively affect the slope stability factor of safety.  To prevent soil from 
becoming saturated, runoff will be directed away from the potentially unstable slope and drains 
will daylight subsurface water. 

 Erosion and Runoff Control: Typical erosion and sediment control BMPs will be implemented 
during pipeline construction and will be detailed in the Project plans.  Installing additional erosion 
and sediment control measures will increase slope stability by minimizing soil saturation, as in 
dewatering.  BMPs that are recommended for slope stabilization are summarized below. 

o Berms:  Diversion berms will be used to intercept, divert, and convey surface runoff from 
steep slopes to decrease the chance of rill or gully erosion to occur which could weaken 
the stability of steep slopes.  The outlet of all diversion berms will be armored with riprap 
to act as an energy dissipater and prevent localized erosion. 

o Rock Outlet Protection (Riprap):  Rock outlet protection (riprap) will be used at the outlets 
of trench drains, sidehill low-point drains, berms, culverts, etc., to control the velocity and 
potential for erosion of the storm water runoff. 

o Sidehill Low-Point Drain: Sidehill low-point drains will be installed from the main pipeline 
trench at the upgradient side of a trench breaker to drain water out of the trench and outlet 
it to an area with rock outlet protection.  

o Trench Drain: Trench drains will be installed on side slopes and steep slopes in order to 
dewater the uphill slope.  

o Water Bar (Broad-Based Dip): Water bars will be used across the right-of-way, sloped to 
drain water off of the pipeline right-of-way. 

o Trench breakers (Trench Plugs): Trench breakers constructed of sandbags will be used in 
trenches along pipes to control water flowing through the pipeline trench. Excessive 
amounts of water will saturate the slope and destabilize it.  

o Hard Armor:  Hard armoring existing drainage channels with riprap or articulated concrete 
block (ACB) will minimize slope saturation and erosion by stormwater. Areas susceptible 
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to future erosion, especially above the pipeline, may be armored with articulated concrete 
block (ACB) or riprap, as necessary. 

 Rerouting: Minor route adjustments may be made to avoid landslide-prone areas identified during 
construction. 

Construction operations will be staffed with geotechnical personnel who will prescribe additional 
mitigation measures as needed when subsurface conditions are revealed.  The following measures are not 
currently anticipated but may be implemented during construction, as needed. 

 Buttressing:  An earth, rock, or riprap fill buttress in front of an unstable slope will increase the 
weight of the material at the toe of the slope, thereby increasing the slope stability factor of safety. 

 Reinforced Soil Slope: Incorporating multiple layers of geogrid or other geosynthetics between 
compacted lifts of soil or crushed stone will increase the shear strength of the fill, decreasing the 
risk of a slope movement. 

 Rockfall Protection (Fencing):  Protection measures such as rock fences, placement of concrete 
barriers, or creating catchment areas may be added where excavation is planned at the top of steep 
slopes to limit loose debris and protect downslope property or roadways. 

 Soil-Nail Stabilization: Soil-Nail Stabilization is used to stabilize unstable soil slopes or allow for 
safe over-steepening (if required) of new or existing soil slopes. Tension-resisting steel elements 
will be inserted into holes in the soil surface and grouted or directly driven into the ground surface 
to anchor a steel cable or net system at the surface of the ground. 

6.0 MAINTENANCE AND MONITORING 
Maintenance and monitoring measures will be implemented to confirm the pipeline integrity in areas 
susceptible to landslides. 

In all of the areas where there was evidence of a previous landslide in close proximity to the pipeline, or 
there remains some uncertainty, slope monitoring will be conducted.  In some cases, this may be limited to 
periodic visual evaluation, but in others, more robust monitoring may be appropriate.  The need for future 
monitoring will be field determined by an engineering geologist or geotechnical engineer during 
construction.  If monitoring is necessary, specific requirements will be established for each location 
following construction. 

7.0 SIDEHILL CONSTRUCTION 
In sidehill construction areas (as defined on the project alignment sheets), the following construction 
practices shall be observed (in addition to landslide mitigations prescribed for locations specified in this 
document): 

 Seeps or springs encountered in the excavation shall be intercepted by transverse trench drains, 
cutoff drains, or similar, and directed out of the pipeline ditch to an energy dissipating structure 
(such as a riprap apron). 

 Backfill material shall exclude organic material, vegetation, stumps, root systems, frozen material, 
and rocks larger than three inches in diameter. 
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 Backfill operations shall be performed when soil moisture content is suitable for compaction, at or 
near optimum moisture content (i.e., not immediately following a large precipitation event or when 
soil is excessively dry). 

 Backfill material shall be placed in compacted lifts no greater than 12 inches thick.   

 Backfill compaction shall be accomplished using the back of an excavator bucket, sheep’s foot 
roller, or similar. 

 Where a temporary cut and fill surface is required, any ground fractures forming near the cut/fill 
line or the pipeline ditch shall be repaired to prevent water infiltration. 

 All streams, gullies, natural drains, field roads or trails, and other water conveying features shall be 
properly recontoured such that the permanent right-of-way is protected from preferential water 
accumulation and infiltration. 

8.0 SITE SPECIFIC MITIGATION 
Recommendations for landslide mitigation at each of the 37 areas identified in Table 1 are described below.  
Landslide mitigation typical detail drawings are appended.  

Generally, landslide mitigation will depend heavily on the installation of appropriate drainage and erosion 
control measures during pipeline construction (as described in Resource Report 6.6.1.2) and proper right-
of-way reclamation. Backfilling operations in the areas discussed below and all sidehill construction areas 
identified on the alignment sheets (as discussed in Section 7.0) will be accomplished by following specific 
guidelines. Fill material will exclude organic material, vegetation, stumps, root systems, and rocks larger 
than three inches in diameter. When placed in the trench, this select material will be placed in compacted 
lifts of no greater than 12 inches thick. Compaction may be accomplished using the back of an excavator 
bucket, a sheep’s foot roller, or similar. Where a cut and fill surface is required, contractors will ensure that 
any ground fractures that form at the interface of that surface and the pipeline ditch are repaired. Finally, 
inspectors or on-site engineers/geologists will ensure that all identified streams, gullies, natural drains, field 
roads or trails, and any other water conveying features are properly recontoured such that the permanent 
right-of-way is protected from preferential water accumulation and infiltration.  

Additional mitigation measures beyond these may be required depending on site specific conditions. These 
are described below based on the results of the field investigations. 

 MVP-LMP-WE-01 (MP 3.3 to 3.8):    

The pipeline in this area runs along the crest of a ridge between MP 3.3 to 3.5, drops down along a 
steep side slope between MP 3.5 and 3.8, and continues along the ridgeline beyond MP 3.8.  The 
primary area of concern falls between MP 3.55 and 3.77.  The side slope in this area varies from 
41.5 % to 51.2% below and above the pipeline, respectively. 

Although the field survey found no evidence of recent slides in this area, the state landslide 
topographic maps indicate dormant slides are located in this vicinity.  The field survey did observe 
three primary gullies draining to the east down this bowl-shaped slope.     

As this area may be prone to landslides, the right-of-way will be kept drained by installing 
transverse trench drains along the right-of-way. The trench drain will convey water out of the 
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pipeline trench.  The gullies noted during the site visit will be restored to original contours to 
facilitate surface water drainage.  The ultimate protective measure for the pipeline in this area will 
be embedment of the pipe within the local bedrock.    

 MVP-LMP-HA-02 (MP 28.0 to 28.2):    

The pipeline in this area runs entirely along the crest of a ridge with steep side slopes ranging from 
31.2% to 54%.  This location is near well appurtenances at MP 28.25 located approximately 40 feet 
east of the pipeline.   

A 10-foot wide slump was noted in the field survey approximately 75 feet west of the pipe 
centerline at MP 27.95 on the side slope.  A large rock outcrop was also noted on the east side near 
the pipe centerline at MP 28.0.  Multiple gullies were observed outside of the right-of-way from 
MP 28.1 to 28.2.   

As the pipeline follows the ridge and the existing slump will not be affected by construction 
operations, no additional mitigation is required at this location. Where practical, the pipe trench 
will be located in bedrock to protect the pipe in the event that the subjacent slope fails. 

 MVP-LMP-DO-03 (MP 32.4 to 32.6):  

The pipeline in this area runs downslope from a crest at a slope of 30% to 35% before crossing a 
stream and cutting across the toe of a side slope between MP 32.3 and MP 32.55. Although 
historical imagery shows no signs of recent movement, the hillside was previously cleared and 
landslide topographic maps show this portion of the route crossing through dormant slides and/or 
soil prone to movement. The soils in this region were classified as a Gilpin-Peabody Complex or 
Vandalia Silty Loam (NRCS Hydrologic Soil Group C).  

The lower section of the slope was recently cleared and is mainly vegetated with grasses and/or 
small shrubs. The upper portion is vegetated with trees and overgrown with shrubs. Along the toe 
of the slope, the existing three-foot-wide stream is actively eroding the toe as indicated by the steep 
cut bank and slumping of material into the stream. A scarp was indicated in the field report at MP 
32.4 that was approximately 12-feet tall and 50-feet long with evidence of gravitropism.  

The area with visible scarp and steep side slopes following it may be prone to landslides. In this 
area, a trench drain will be installed on the high side of the right-of-way, daylighting to the low 
side.  It should also be buttressed with a riprap fill at the edge of the right-of-way, if needed during 
construction.  At the steep downslope before the stream crossing, water bars in conjunction with 
trench breakers and trench breaker daylight drains will be installed.   

 MVP-LMP-HA-04 (MP 33.45 to 33.6):  

The pipeline in this area runs entirely along the crest of a ridge with steep side slopes ranging from 
34% to 48%. The primary area of concern falls between MP 33.45 to MP 33.6. As the pipeline 
excavation runs along the crest it crosses an existing right-of-way with an underground pipe near 
MP 33.55.  

During the field observation no evidence of mass movement was observed on the vegetated slopes 
or existing cleared right-of-way. Soils in this section were classified as Gilpin-Peabody Complex 
or Gilpin-Upshur Complex (NRCS Hydrologic Soil Group C). 
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No additional mitigation measures are necessary in this area. 

 MVP-LMP-DO-05 (MP 34.2 to 34.4):  

The pipeline in this area runs along a side slope and crosses a number of gullies between MP 34.25 
and MP 34.35 with side slopes ranging from 25% to 48%. The primary area of concern lies between 
MP 34.25 and MP 34.35. Historical imagery shows no recent signs of landslide movement in the 
area, and the soils were classified as Gilpin-Peabody Complex (Very Stony, NRC Hydrologic Soil 
Group C).  

Rock armoring (or ACB) will be used between MP 34.25 to MP 34.32 after backfill of the pipeline 
excavation to help stabilize the gully crossings, which will be restored to their original contours. A 
trench breaker, in conjunction with a sidehill low-point drain which will outlet to a rock outfall 
protection location, will be used at the low point near MP 34.35. Where practical, the pipe trench 
will be located in bedrock to protect the pipe from shallow soil movements. 

 MVP-LMP-DO-06 (MP 34.4 to 34.6):  

The pipeline in this area runs along steep side slopes and crosses a number of gullies as well as an 
area that is a cut slope adjacent to an existing road with visible slumps and associated scarps. The 
slopes in this area range from 17% to 42%.  

The most critical area is a 150-foot-long, 300-foot-wide section next to an existing cut slope with 
multiple large slumps and scarps. The field reports also noted a long coal seam with standing water 
and saturated slopes below the seam. The soils in this region were noted as Gilpin-Peabody 
Complex, very stony (NRCS Hydrologic Soil Group C).  

The area exhibiting slumps and scarps must be stabilized by removing and replacing the slumping 
soils prior to placing additional material in that area. Transverse trench drains will be installed 
uphill of the pipeline to cut off water ponding near the coal seam outcrop.  Gullies will be restored 
to their natural contours to facilitate drainage across the right-of-way. Where practical, the pipe 
trench will be located in bedrock to protect the pipe in the event that the subjacent slope fails. 

 MVP-LMP-DO-07 (MP 35.15 to 35.35):  

The pipeline in this area runs along the crest of a ridge between MP 35.15 to MP 35.35 with steep 
side slopes ranging from 27% to 69%. Historical imagery shows no signs of recent landslide 
movement and the soils in the area were classified as Gilpin-Peabody Complex, very stony (NRCS 
Hydrologic Soil Group C).  

A trench breaker should be used in the trench in conjunction with a sidehill low-point drain that 
outlets to a rock outfall protection location at the low point near MP 35.25. Where practical, the 
pipe trench will be located in bedrock to protect the pipe in the event that the subjacent slope fails. 

 MVP-LMP-LE-08 (MP 43.35 to 43.45):  

The pipeline in this area will be constructed along the ridgeline between MP 43.15 to 43.2, then at 
the local peak turns slightly eastward and runs approximately 100 to 200 feet from the top of the 
adjacent ridgeline to the west between MP 43.2 to 43.45.  The remainder of the pipeline in this area 
follows the existing saddles and ridgeline to the southwest between MP 43.45 through 43.65.  The 
primary area of concern falls between MP 43.25 and 43.45. 
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The side slopes in this area vary from approximately 58% above the pipeline and 53% below the 
pipeline. The pipeline right-of-way in this area is crossed by an existing gas pipeline at 
approximately MP 43.35.  During the field survey, multiple rock outcrops were observed along the 
top of the slope/ridgeline that were undercut at the base up to five feet.  In addition, large boulders 
located downslope of these outcrops indicate that future rockfall in the area is possible.  Some 
evidence of gravitropism was noted at the top of slope above the pipeline centerline, which indicates 
that soil movement has occurred in the past.  Although the field survey found little to no evidence 
of recent slides in this area, the state landslide topographic maps indicate dormant slides are located 
in this vicinity.  The NRCS soil classification for this area is Hydrologic Soil Group C soil that 
represents a sandy clay loam.     

Transverse trench drains will be installed in the pipeline trench.  Water bars in conjunction with 
trench breakers with drains will be installed in the steeper downhill sections of the pipeline. Where 
practical, the pipe trench will be located in bedrock to protect the pipe in the event that the subjacent 
slope fails. 

 MVP-LMP-LE-09 (MP 46.2 to 46.5): 

In this area, the pipeline right of way is aligned to the eastern side of a knoll from about MP 46.25 
to 46.4 where it follows a saddle to about MP 46.5.  Side slopes in the area range from 
approximately 15% to 33%.  Soils in the area are classified as Gilpin-Upshur silt loams, 
corresponding to NRCS Hydrologic Soil Group C. 

The site visit revealed numerous rock outcrops about the knoll between MP 46.25 and 46.4.  Several 
swales and evidence of gravitropism were observed between MP 46.4 and 46.5.  The area is 
forested. 

Transverse trench drains will be installed in sidehill portions of the alignment and the ground 
surface will be restored to existing contours.  Where practical, the pipeline trench will be located 
in bedrock to protect the pipe from shallow soil movements. 

 MVP-LMP-LE-10 (MP 46.6 to 46.8):  

The pipeline in this area has been rerouted since the initial field visit to be constructed generally 
along the ridgeline in this area.  The primary area of concern falls between MP 46.5 and 46.8 on 
the western slope. The western side slopes in this area have an approximate 18 to 25% grade and 
the eastern side slope (located over the uphill ridgeline) have varying range of slopes (20 to 40%) 
with an average slope of approximately 25%.     

During the field survey, one scarp and one gully were located on the eastern slope area and two 
gullies and two scarps were observed on the western side slope.  The gullies have been delineated 
as streams.  Some evidence of gravitropism was noted along the top of the western slope above the 
pipeline centerline, which indicates that soil movement has occurred in the past.  Although the field 
survey found little to no evidence of recent slides in this area, the state landslide topographic maps 
indicate dormant slides are located in this vicinity and historical scarps were present.  The NRCS 
soil classification for this area is Hydrologic Soil Group C soil that represents a sandy clay loam.     

Transverse trench drains will be installed in the pipeline trench through the sidehill portion of the 
alignment. Water bars in conjunction with trench breakers will be installed in the steeper downhill 
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sections of the right-of-way.  Gullies will be restored to original contours to facilitate drainage 
across the right-of-way.  Where practical, the pipe trench will be located in bedrock to protect the 
pipe from shallow soil movements. 

 MVP-LMP-LE-11 (MP 53.0 to 53.3):  

A majority of the pipeline in this area is to be constructed along the existing ridgeline on the western 
side slope between MP 52.9 to 53.35.  An existing cemetery is located at the top of the slope 
approximately 100 feet east of MP 53.1 and creates a gently sloping ridgeline.  A gated roadway 
located just south of the cemetery also parallels the proposed gas pipeline to the east along the 
ridgeline at a distance/offset of approximately 50 feet between MP 53.05 through 53.2.  An 
abandoned road right-of-way located on the western slope crosses the gas pipeline at MP 53.1.   

During the field survey, multiple road failures were identified along this abandoned right-of-way.  
An existing gas line that runs northwest to southeast intersects the new pipeline at MP 53.2.  The 
primary area of concern falls between MP 53.0 and 53.15; the western side slopes in this area have 
an approximate 25% to 30% grade.   

Seven gullies, some of which were delineated as streams, were identified on the western slope.  
Although the field survey found no evidence of recent slides in this area, the state landslide 
topographic maps indicate dormant slides are located in this vicinity.  The NRCS soil classification 
for this area is Hydrologic Soil Group C soil that represents a sandy clay loam.     

In areas where the pipeline crosses gullies and natural drains, the grade will be restored to original 
contours to facilitate drainage.  Water bars in conjunction with trench breakers will be installed in 
the steeper downhill sections of the right-of-way.  Transverse trench drains will be installed in 
sidehill sections of the right-of-way to prevent saturation of the trench backfill. Where practical, 
the pipe trench will be located in bedrock to protect the pipe from shallow soil movements. 

 MVP-LMP-LE-012 (MP 55.1 to 55.2):  

The pipeline in this area will be constructed perpendicular to a valley.  The northwestern slope 
section of the pipeline starts at MP 54.9 (top of slope) and runs down slope to MP 55.1 at Copley 
Road located at the toe of slope.  The pipeline will then cross under an existing drainage ditch, 
Copley Road, and stream. The pipeline then ascends the adjacent slope from MP 55.1 (Copley 
Road at toe of slope) to MP 55.25 (top of slope).  The primary areas of concern are the two 
aforementioned side slopes that fall between MP 54.95 and 55.25. 

The northwestern side slope in this area is well vegetated with trees and shrubs and has an 
approximate grade that ranges from 35% to 45%.  A 20-foot high rock outcrop is located at the toe 
of slope on the northwestern side of Copley Road. A “Falling Rocks” warning sign is also located 
along this section road. Many of the trees located throughout this slope show signs of gravitropism 
that indicates soil movement on the slope has occurred in the past. The southeastern side slope is 
also well vegetated with trees and shrubs and has an approximate grade that ranges from 43% to 
53%. The NRCS soil classification for this area is Hydrologic Soil Group C soil that represents a 
sandy clay loam.   

Water bars in conjunction with trench breakers will be installed along the pipeline in this area. 
Trench breaker daylight drains will be installed at the base of some trench breakers to allow for 
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discharge of infiltrated water from the trench to areas outside or downstream of the area of concern.  
At this time, stabilization measures for the very steep slope superjacent to Copley Road have not 
been finalized as the work will require approval from the owner of the road, but MVP anticipates 
that a highwall revetment may be required. 

 MVP-LMP-LE-13 (MP 57.2 to 57.7):  

The pipeline in this area runs along the crest of a ridge, then at a local peak runs along steep side 
slopes on the west side of the ridgeline between MP 57.3 and 57.6. The slope below this area of 
concern also has two gullies with one associated seep located down gradient to the northwest, off 
of the right-of-way.  The gullies lead to a creek at the toe of the slope that is approximately 10 feet 
wide. The creek did not form significant cut slopes or show signs of significant toe erosion. Across 
the side slopes, signs of gravitropism were observed. Tree deformation was more significant at the 
steep section and was present down to the toe of the slope. The corridor in this area also crosses 
two abandoned roads. The forest floor has little to no vegetative cover, occupied by small shrubs 
and ferns with silty clayey sand and sandstone cobbles and boulders scattered across the slope. 
Historical imagery shows no recent signs of movement.  

Transverse trench drains will be installed in the pipeline trench through the sidehill area of the 
alignment. Where practical, the pipe trench will be located in bedrock to protect the pipe from 
shallow soil movements.   

 MVP-LMP-BR-14 (MP 66.8 to 66.95): 

The pipeline in this area is to be constructed subjacent to the Weston and Gauley Bridge Turnpike 
Trail, sidehill along a moderate side slope.  The trail follows the ridgeline with moderate side slopes 
in the vicinity.  The pipeline crosses the trail at approximately MP 66.95.  Soils in this area are 
classified as Gilpin-Upshur silt loam (NRCS hydrologic soil group C).  

The area is generally wooded but is a vegetated open field in the vicinity of MP 66.9 to 66.95.   No 
evidence of recent or historic slope movement was observed at this location. 

Transverse trench drains will be installed in the sidehill portion of this area. 

 MVP-LMP-BR-15 (MP 69.2 to 69.5):  

The pipeline in this area is to be constructed along the ridgeline between MP 69.0 to 69.2, then runs 
approximately 500 feet downslope from the adjacent ridgeline to the west between MP 69.2 to 
69.45. The remainder of the pipeline in this area follows the existing saddles and ridgeline to the 
southwest of MP 69.45. The primary area of concern falls between MP 69.2 and 69.45. 

As the property could not be accessed due to landowner restrictions, no field survey or report was 
prepared for this sidehill area, and the preliminary evaluation was prepared based on summary 
descriptions provided by routing engineers and publically available imagery and information for 
the area.  The side slopes upgradient (west) of the pipeline right-of-way range from approximately 
41% to 67% and downgradient (east) from 28% to 36%.  The area is well vegetated with trees.  
Historical imagery does not suggest recent landslide/soil movement in the area, nor does it cross 
an existing or dormant slide.   The NRCS soil classification for this area is Hydrologic Soil Group 
C soil that represents a sandy clay loam.   
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Transverse trench drains will be installed on the upgradient edge of the right-of-way, conveying 
the water out of the area of concern.  Water bars in conjunction with trench breakers will be installed 
at the steep downhill sections of the right-of-way.  Sidehill low point drains will be installed at 
selected trench breakers.    

 MVP-LMP-WB-16 (MP 81.8 to 82.1):  

The pipeline in this area will be constructed along the upgradient edge of an existing, ephemeral 
drainage between MP 81.8 and 82.0 with moderately steep side slopes. Dave Cowger Hill Road is 
located upgradient of this pipeline segment.  The upgradient slopes between the road and the 
pipeline range from 40% to 45% and 150 to 250 feet in length.  The pipeline then runs up the 
moderately steep slope to the south (approximately 52% grade) to the top of a saddle at MP 82.05.  
From the top of the saddle, the pipeline runs at an angle across a relatively steep slope (slope grade 
ranges from 28% to 63% with angled pipeline grade ranging from 18% to 35% in the trench) to the 
toe of slope in a valley at MP 82.3.   

All of the slopes appear to be heavily vegetated with trees and the forest floor is comprised of 
scattered shrubs and sparse vegetation. During the field survey, five significant gullies were 
identified between MP 81.9 and MP 82.0.  These gullies range in width from three feet to 20 feet; 
four of them are delineated as streams. Although the field survey found no evidence of recent slides 
in this area, the state landslide topographic maps indicate dormant slides are located in this vicinity.  
The NRCS soil classification at MP 81.8 is Hydrologic Soil Group B soil that represents a silt loam 
or loam and MP 81.9 to 82.1 is Hydrologic Soil Group C soil that represents a sandy clay loam.     

Water bars in conjunction with trench breakers will be installed at the steep downhill sections of 
the pipeline in this area.  Transverse trench drains will be installed in the pipeline trench.  Gullies 
will be restored to their natural contours to facilitate drainage across the right-of-way; the gully not 
delineated as a stream will be armored with rock or ACB to minimize erosion.  Where practical, 
the pipe trench will be located in bedrock to protect the pipe from shallow soil movements. 

 MVP-LMP-WB-17 (MP 82.5 to 82.6):  

The pipeline runs up a moderate side slope to the south, across a natural drain, and up a steep ridge.  
The side slopes vary from 37% to 70%.  However, the pipeline alignment avoids the steepest 
sections.  At MP 82.6 the pipeline crosses a significant natural drain.  From MP 82.6 to 82.9 the 
pipeline runs directly up a steep slope (44% to 55%).  

Both the historical imagery and the field survey indicated no signs of recent slope movement or 
gravitropism.  The soil type in this area has been identified as sandy clay loam, but colluvial 
material may be present near the drain paths which could be unstable. 

In areas where the pipeline crosses gullies and natural drains, the grade will be restored to original 
contours to facilitate drainage.  Transverse trench drains will be installed in the sidehill portion of 
the alignment in this area.  Water bars in conjunction with trench breakers and drains will be 
installed in the steeper downhill sections of the right-of-way.  

 MVP-LMP-NI-18 (MP 111.7 to 111.8 -MVP Route 4.0.0):  

The area of concern runs between MP 111.7 and 111.85 (MVP Route 4.0.0) where the pipeline 
corridor goes down a ridge with side slopes between 35% and 47%. At MP 111.85, the pipeline 
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corridor makes a 90-degree bend and continues normal to the slope, reaching a significant drainage 
crossing at MP 111.92. 

Historical imagery shows no signs of recent landslide movement However, the landslide 
topographic maps show the pipeline running through dormant slides and/or material prone to 
landslide movement. No field survey or report was completed in this area as the property could not 
be accessed due to landowner restrictions. The soil in this area was classified as Clifftop Channery 
Silt Loam, very stony (NRCS Hydrologic Soil Group C).  

The pipeline in this area has been re-routed and this area is no longer of concern. 

 MVP-LMP-NI-19 (MP 122.5 to 123.0):  

The pipeline in this section traverses side slopes ranging from 28% to 43% and crosses four 
drainages and under a transmission line and road.  

Although historical imagery reveals no signs of recent landslide movement, this section cuts 
through an area with dormant slides and/or material prone to sliding. Soils in the region were 
classified as a variety of different soil groups (NRCS Hydrologic Soil Groups A, C and D).  The 
field survey revealed numerous natural drains and several large boulders along and adjacent to the 
route.  Some areas showed evidence of gravitropism and hummocky terrain. 

Transverse trench drains will be installed in the pipeline trench throughout the sidehill area.  
Numerous boulders and rock outcrops suggest that bedrock will be relatively shallow in the area 
and that the pipeline trench will be located in bedrock, minimizing the potential for damage due to 
earth movement. 

 MVP-LMP-NI-20 (MP 123.1 to 123.2):    

The pipeline in this area crosses an existing gully and seep at MP 123.1, crosses a sidehill parallel 
to a cleared existing power line right-of-way at a slope of 12.5% between MP 121.13 to 123.2, and 
then runs normal and downhill on a well-vegetated steep slope with slopes ranging from 30% to 
60% between MP 123.13 to 123.2.  

The field survey noted one seep near MP 123.2 that was actively flowing to a gully that crosses the 
corridor just to the north. The gully becomes up to 10 feet wide and three feet deep near the corridor 
centerline and has been delineated as a stream. Although the historical imagery shows no signs of 
recent movement, the landslide topographic map shows this portion of route crosses through soil 
prone to movement. The field survey defined the soil as decomposed plant material, silt loam, and 
silty clay loam.  

In areas where the pipeline crosses gullies and natural drains, the grade will be restored to original 
contours to facilitate drainage.  Water bars in conjunction with trench breakers will be installed in 
the steeper downhill sections of the right-of-way.  Transverse trench drains will be installed in the 
sidehill portions of the alignment. 

 MVP-LMP-NI-21 (MP 124.35 to 124.75):  

The pipeline in this area runs along the crest of a moderately sloping ridge then continues to run 
south downslope off the ridge though a valley with steep slopes. The valley located between MP 
124.5 and 124.6 has a seasonal stream located at the toe of the slope. The steep slopes around the 



Landslide Mitigation Plan 
 

 19 February 2017 

valley are mostly vegetated by trees. The forest floor has little to no vegetative cover and was 
covered in fallen leaves at the time of the site visit. No signs of erosion were observed from the 
seasonal stream at the toe of the slope but erosion around the base of trees was observed.  

Historical imagery shows possible signs of recent movement and the landslide topographic map 
shows this portion of the route crosses through soil prone to movement.  

Trench breakers and drains will be installed in the steeper downhill sections of the right-of-way.  

 MVP-LMP-NI-22 (MP 127.2 to 127.4):    

The pipeline in this area runs northwesterly upslope along a crest of a ridge then turns southerly 
downslope between MP 127.2 to MP 127.0. The primary area of concern runs from MP 127.2 to 
MP 127.5. The steep slopes off the side of the crest where the pipeline runs along the slope vary 
from 30% to 40%.  

Historical imagery and the site visit revealed no signs of recent landslide movement. However, 
landslide topographic maps show materials that are prone to landslide movement. Rock outcrops 
were observed along the pipeline right of way during the site visit.  An existing logging road with 
steep high-side cut, approximately three feet high, is located at the southern end of the segment.   

Transverse trench drains will be installed at low points along the pipeline alignment to facilitate 
drainage of the pipeline trench and prevent slope saturation.   

 MVP-LMP-NI-23 (MP 127.9 to 128.0):      

The pipeline in this area runs along the crest of a ridge between MP 127.8 to 127.92, then drops 
down along a steep side slope between MP 127.92 to MP 128.0. The primary area of concern falls 
between MP 127.92 and MP 128.0. The side slope in this area varies from 30% to 40% along the 
pipeline.  

The site visit revealed that the sidehill area of the pipeline route contained numerous rock outcrops.  
Historical imagery shows no sign of recent landslide movement. However, landslide topographic 
maps show slide prone material. NRCS data show the soils in this area to be a sandy loam and silt 
loam.  

If possible, the pipeline alignment should be rerouted to traverse directly uphill to the peak of the 
knoll and back downhill, eliminating the sidehill portion.  If this is not possible, transverse trench 
drains will be installed in the sidehill portion of this area.  Water bars in conjunction with trench 
breakers and drains will be installed in the steeper downhill sections of the right-of-way. 

 MVP-LMP-NI-24 (MP 132.0 to 132.1):    

The pipeline in this area runs along a side slope and crosses a gully with two contributing seeps 
west of the pipeline between MP 132.0 to MP 132.1 and then continues southeasterly down a 
moderately steep slope.  

Although the field survey and historical imagery show no signs of recent landslide movement, the 
landslide topographic maps show soil prone to movement uphill (west) of the pipeline excavation 
and a dormant slide downhill (east) of the pipeline excavation. The soil type in this area has been 
defined as a Clifftop Channery silt loam, very stony, Hydrologic Soil Group C.  
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The primary area of concern lies between MP 131.9 and MP 132.1 with side slopes ranging from 
25% to 35% below and above the pipeline.  Transverse trench drains will be installed along the 
pipeline trench and will outlet the water away from the area of concern.  

A second area of concern lies between MP 131.8 to MP 132.0, where steep slopes and a drainage 
way are present. Where the pipeline crosses a gully, the grade will be restored to original contours 
to facilitate drainage.  Water bars in conjunction with trench breakers will be installed in the steeper 
downhill sections of the right-of-way.  

 MVP-LMP-GB-025 (MP 145.3 to 146.1):   

This pipeline section starts along the broad crest, and crosses a number of drainage ways and small 
access roads, with some minor turns and two 90-degree bends. The area of concern falls between 
MP 145.8 and MP 146.1. After a 90-degree bend, the pipeline runs downhill normal to the slope, 
then crosses a paved road and river. 

The steep slopes to the west of the corridor were noted as densely vegetated and overgrown with 
abandoned logging roads remaining. There will be some gully and road crossing in this area but no 
mitigation measures are recommended for potential landslides in this area. The soils in the area of 
concern include sandy loam and silty loam from NRCS soil groups A and C, respectively.   

Water bars in conjunction with trench breakers and drains will be installed in the steeper downhill 
sections of the right-of-way.  

 MVP-LMP-SU-26 (MP 164.6 to 165.15):  

The pipeline in this section begins running perpendicular to a steep upslope (MP 164.6 to MP 
164.75), runs across three rounded peaks and follows the crest of the ridge between the peaks.  
From MP 165.0 to MP 165.15, the route runs normal to a moderately steep downslope with a gully 
at the bottom. 

The field report noted the soils in this area as silty clayey sand with scattered sandstone cobbles. 
The field report also noted that the pipeline crosses two significant gullies located near MP 164.93 
and MP 165.15. The NRCS soil type is this section is silt loam from Soil Group C.   

Water bars in conjunction with trench breakers and drains will be installed in the steeper downhill 
sections of the right-of-way.  

 MVP-LMP-MO-27 (MP 182.4 to 182.8):  

The pipeline in this area runs along the toe of a steep side slope then crosses Slate Run Creek, a 
local road, and a cleared transmission right-of-way, and State Route 122 between MP 182.4 to 
182.8. The area traverses grassed clearings interrupted by dense vegetation of trees and shrubs.  

Exposed bedrock (sandstone/siltstone outcrop) was observed in the field down gradient from the 
pipeline corridor along State Route 122. No signs of movement were observed along the cleared 
area but signs of gravitropism were noted during the field report on the well-vegetated steep slope 
up gradient of the corridor. Historical imagery shows movement within the past twenty years, but 
no slumps were noticeable during the field investigation.  The soils in this section are silt loam 
according to the NRCS classification and of Soil Group D.   
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Water bars in conjunction with trench breakers and drains will be installed superjacent to State 
Route 122.   

 MVP-LMP-GI-28 (MP 197.4 to 197.6 - Jefferson National Forest):  

The pipeline in this area runs across a moderately sloped knob before following a moderately steep 
ridgeline downgradient.  The adjacent side slopes are steep. The pipeline parallels Mystery Ridge 
Road in this area.   

The field report noted that slopes were mostly silty sand with sandstone cobbles and boulders 
scattered throughout, and the soil type in the area was defined as Lily-Bailegap Complex or 
Nolichucky Very Stony Sandy Loam (NRCS Hydrologic Soil Group B). Some of the side slopes 
off the ridge were observed to have minor signs of gravitropism. Water bars in conjunction with 
trench breakers will be installed in the steeper downhill sections of the right-of-way and transverse 
trench drains will be installed throughout the sidehill portion of the alignment.  

 MVP-LMP-GI-29 (MP 198.4 to 199.1 - Jefferson National Forest):  

The pipeline in this area runs along moderate slopes thoroughly vegetated by grasses and used as a 
cow pasture from MP 198.4 to 198.8. The pipeline then crosses through dense forest and cleared 
pasture while crossing a smaller two-track road and two streams. The intermittent stream near MP 
198.83 has very steep slopes with little to no vegetative cover on the forest floor. The soil is a very 
loose organic soil with active surficial erosion across the slope. No failures were observed during 
the field visit. The corridor intersects a perennial stream near MP 198.93 with moderate slopes and 
dense vegetation. From this stream the corridor traverses a moderately steep sidehill to a broad, 
relatively flat ridge.  

The soils in the area were noted as Nolichucky Loam (NRC Hydrologic Soil Group B).  Overall 
the slopes are well vegetated with no signs of mass movement except for the steep short slopes 
leading to the stream near MP 198.93. 

In areas where the pipeline crosses the intermittent streams, the grade will be restored to original 
contours to facilitate drainage.  Water bars in conjunction with trench breakers and drains will be 
installed in the steeper downhill sections of the right-of-way.   

 MVP-LMP-GI-30 (MP 204.4 to 204.8):                                                                                                                      

The pipeline in this area runs diagonally upslope from MP 204.4 to MP 204.6, then transitions to 
upslope on a broad ridge to MP 204.7. The slopes along this section vary between 30% and 45%. 
This section parallels an existing cleared right-of-way for transmission lines. A gully near MP 204.6 
is indicated on the topographic mapping and was confirmed in the field.  

The site is mostly wooded with little underbrush, except in areas near the existing overhead lines 
where dense briars were encountered.  Some evidence of gravitropism was observed.  Numerous 
natural drains were observed at the site, in addition to the previously discussed gully, which has 
been delineated as a stream.  Near MP 205.5, the right-of-way approaches an existing dirt road.  
NRCS classifies soil in this region as silt loam (NRCS Hydrologic Soil Group C) or Carbo-Rock 
outcrop complex (NRCS Hydrologic Soil Group D).  
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Where the right-of-way crosses the stream and natural drains, the grade will be restored to facilitate 
drainage.  Any seeps and springs encountered in the excavation will be provided with drains. Water 
bars in conjunction with trench breakers and drains will be installed in the steeper downhill sections 
of the right-of-way.  

 MVP-LMP-GI-31 (MP 211.55 to 211.8):  

The pipeline in this area runs across an existing access drive and alongside moderate slopes just 
south of a crest before heading downslope between MP 211.55 and MP 211.8. The primary area of 
concern falls between MP 211.55 and MP 211.7 where the pipeline right-of-way comes within 
approximately 15 feet of a nearly vertical slope. US Route 460 is located directly below this steep 
slope. The remainder of the area of concern crosses drainages with side slopes ranging from 30% 
to 47%.  

Historical imagery and site reconnaissance show no signs of landslide movement or slope 
instability. Soils in this area were classified as Carbo-Rock outcrop complex (NRCS Hydrologic 
Soil Group D) or Gilpin silty loam (NRCS Hydrologic Soil Group C).  

Water bars in conjunction with trench breakers and drains will be installed in the steeper downhill 
section of the right-of-way. Where practical, the pipe trench will be located in bedrock to protect 
the pipe from shallow soil movements.   A transverse trench drain will be installed at the low point 
near MP 211.65. 

 MVP-LMP-MN-32 (MP 219.6 to 220.9 - Jefferson National Forest):  

From MP 219.6 to MP 219.8, the pipeline corridor follows a generally flat profile along the toe of 
a slope, then swings south and climbs a steep ridge to MP 220.7. The section of pipeline running 
up the ridge has an average slope of 30% with side slopes ranging from 40% to 80% downslope to 
drainage ways.  From MP 220.65 to 220.95, the pipeline corridor follows relatively flat or gently 
up sloping terrain with a gravel road crossing at MP 220.7.   

This section was mostly vegetated by trees and shrubs but has occasional sandstone outcrops along 
the ridgeline. The topsoil was thin and underlying soil was gravelly with gravels composed of 
fragments of sandstone. Drainage areas from the ridge drain west into Craig Creek. The soil was 
classified as either Berks and Weikert or Berks and Weikert very stony (NRCS Hydrologic Soil 
Group B).   

Due to the relatively shallow depth of bedrock in this area (approximately 2.75 feet bgs), it is 
anticipated that the pipe will be installed/embedded within the bedrock from MP 220 to the end of 
this area of concern.  Water bars in conjunction with trench breakers and drains will be installed in 
the steeper downhill sections of the right-of-way.   

Refer to Site-Specific Design of Stabilization Measures in Selected High-Hazard Portions of the 
Route of the Proposed Mountain Valley Pipeline Project in the Jefferson National Forest, JNF 
Priority Site #6 for more information. 

 MVP-LMP-MN-33 (MP 220.6 to 220.7 – MVP Route 4.0.0):  

The pipeline in this area runs down the crest of a broad ridge between MP 220.5 to MP 220.65 
(MVP Route 4.0.0), then turns 90-degrees down at a slope of approximately 30% for 150 feet before 
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the pipeline corridor crosses a drainage way near MP 220.66 (MVP Route 4.0.0). The primary area 
of concern is from MP 220.6 to MP 220.7 (MVP Route 4.0.0).  Two additional significant drainage 
crossings were encountered at MP 220.8 and MP 220.98 (MVP Route 4.0.0), which have been 
delineated as streams 

No field survey or report was completed for this area due to landowner restrictions, but soils in this 
region are classified as either Berks-Weikert Complex or Berks and Weikert Soils (NRCS 
hydrologic Soil Group B).   

In areas where the pipeline crosses gullies and natural drains, the grade will be restored to original 
contours to facilitate drainage.  Rock armoring or ACB will be utilized to minimize erosion across 
the pipeline right-of-way at gullies not delineated as streams.  A sidehill low-point drain will be 
installed in the trench at the drainage crossings.   

 MVP-LMP-MN-34 (MP 221.8 to 221.9 -MVP Route 4.0.0):  

The pipeline in this area runs along relatively flat terrain but, while avoiding a substation to the 
south, cuts through a knoll for a short 400-foot section between MP 221.8 to MP 221.9 (MVP Route 
4.0.0).  

The area is located at the edge of a pasture and a wooded area adjacent to an existing powerline 
right-of-way. It does not appear that construction will impact the slope subjacent to the substation.  
During the field visit, a sinkhole was observed between the edge of the proposed right-of-way and 
the substation. Soils in this area were classified as either Frederick and Vertrees gravelly silt loam 
or Duffield-Ernest Complex (NRCS Hydrologic Soil Group B).   

 No landslide mitigation measures are required in this area and the sinkhole was delineated in 
MVP’s karst study.  This area will no longer affect the pipeline alignment following acceptance of 
the Mount Tabor Alternative. 

 MVP-LMP-MN-35 (MP 229.2 to 229.3): 

The pipeline in this section runs adjacent to and crosses a power line right-of-way and 
intermittent stream.  After crossing the stream near MP 229.3, the pipeline follows a slight 
sidehill trajectory above the stream to the power line right-of-way.  The forest floor is mostly bare 
with leaves and some small shrubs, but the area is forested.  Soils in the area correspond to NRCS 
Hydrologic Soil Class A and B and were observed to be very stony.   

 
No landslide mitigation measures are recommended in this area. 

 

 MVP-LMP-FR-36 (MP 261.2 to 261.2):  

The pipeline in this area crosses State Route 697 and then turns downslope before crossing 
moderately steep side slopes for approximately 600 feet. The area of concern is in the vicinity of 
MP 261.2.  Houses are located within 200 feet or less of the pipeline corridor but both are uphill 
from the corridor. 

The area is gently sloping with a dense forest of young trees with sparse low-growing vegetation.  
No evidence of prior slope movement was observed. Soils in the area were classified as Clifford-
Hickoryknob Complex (NRCS Hydrologic Soil Group B).   
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No landslide mitigation measures are required in this area. 

 MVP-LMP-FR-37 (MP 263.9 to 264.0 -MVP Route 4.0.0):    

The pipeline in this section runs across two existing gravel roads and a cleared right-of-way for 
transmission lines before turning across a moderate side slope just south of a substation. The 
primary concern is the steep side slope adjacent to the substation between MP 264.05 to MP 264.1 
(MVP Route 4.0.0).  

The right-of-way is brush- and tree-covered in this vicinity.  Several boulders were visible at the 
ground surface, but soil along the right-of-way may have been disturbed during construction of the 
substation or associated power lines.  Just south of the substation, an existing drainage culvert runs 
downhill to a catch basin on the north side of Energy Boulevard.  It appears that this culvert drains 
to the south side of Energy Boulevard. This drainage should be restored following pipeline 
construction.  The soil type in this section is Clifford fine sandy loam of NRCS soil group B. 

No landslide mitigation measures are required in this area. 

This area will no longer affect the pipeline alignment following acceptance of the Blackwater 
Alternative.   

9.0 ADDITIONAL AREAS OF CONCERN 

9.1 Peters Mountain, Sinking Creek Mountain, Brush Mountain, and Giles 
County Seismic Zone 

Potential landslide hazards in the areas of the Giles County Seismic Zone (GCSZ), Peters Mountain, 
Sinking Creek Mountain and Brush Mountain in southern West Virginia and Southwestern Virginia along 
the proposed route for the Mountain Valley Pipeline are summarized below.  It should be noted that the 
GCSZ is not a specifically mapped geographic area, but corresponds to a generalized area that is relatively 
seismically active.  

Landslide, debris flow, debris avalanche, earthflow and creep, rockfall (Wieczorek and Snyder, 2009), and 
rock slump and rock block slides (Schultz and Southworth;1989) are the general categories of mass wasting 
hazards that may be observed in southern West Virginia and southwestern Virginia. Landslides, flow, 
avalanche and creep are characteristic of failure in unconsolidated overburden or highly weathered shallow 
bedrock.  

Rock block failure involves gravity-induced movement of massive and intact blocks of bedrock. Schultz 
and Southworth (1989) identify rock slumps and rock block slides as a specific mass wasting hazard 
somewhat unique to Peters Mountain, Sinking Creek Mountain and Brush Mountain. 

According to Schultz and Southworth (1987, 1989): Rock block slides tend to occur on the southeast slopes 
of anticlinal folds composed of sandstone, siltstone and shale. Where these folded beds dip steeply (45 
degrees or more) rock slides are relatively small and confined to the uppermost parts of the slope. Where 
dips are less than 30 degrees, slides show more movement and are areally extensive. Most of the rock block 
slides are relict features from the Pleistocene Epoch. Dip-slope rock block failure occurs over an extended 
period of time, and no evidence of recent movement in these areas have been found.  

Trigger events for rock block failure are thought to be primarily associated with pore pressure effects from 
sustained long-duration or short duration intense precipitation events (Schultz and Southworth, 1987, 1989; 
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Wieczorek and Snyder, 2009). Some researchers postulate that seismic shaking may trigger slope failure, 
but no direct evidence is available to support this suggestion. D.G. Honegger Consulting (2015) presents 
an analysis and recommendations for mitigating seismic-induced risks to MVP. 

Rock block failure progresses from an initial stage of downslope sagging and bulging to downslope 
slumping to brittle fracture along lateral break-away scarps (Schultz and Southworth, 1987). This typified 
behavior presents an opportunity to establish a monitoring program along the southeast slopes of Peters 
Mountain, Sinking Creek Mountain and Brush Mountain to provide advanced warning of potential rock 
block failure, as summarized below. 

Mountain Valley Pipeline will monitor for potential rock block slides on the southeast slopes of Peters 
Mountain, Sinking Creek Mountain and Brush Mountain. As discussed above, rock block slides in these 
areas of concern are relict features, and if further sliding or slumping is occurring it is a very slow process. 
The pace of such failures is conducive to establishing a monitoring program and if future observations 
dictate, establishing an evaluation and mitigation program for the pipeline in areas observed to be at risk. 
On a five-year basis, MVP will conduct aerial inspection of these slopes with LIDAR, and evaluate the 
slope characteristics for notable bulging or bowing, and other observations of possible slope movement. If 
this monitoring program suggests evidence for rock block slumping or incipient failure, Mountain Valley 
will deploy a field inspection team to the area of concern and establish a mitigation program commensurate 
with the results of an incipient slope failure study. 

It is noted that there is no direct evidence that seismic shaking presents significant risk for acute or 
catastrophic rock block slides in the relatively seismically active southern West Virginia and southwestern 
Virginia. This further supports the efficacy of a surveillance program described above. 

9.2 Debris Flow Potential along Kimballton Branch 
Debris flows are a type of mass movement comprised of soil and rock moving along a shallow sliding 
surface within soil or weathered, foliated and jointed rock materials.  Debris flows are often associated with 
steep gullies and may be triggered by significant precipitation events.   

The pipeline crosses the headwaters of Kimballton Branch (which flows to Big Stoney Creek) between MP 
195.7 and 195.8.  During construction, an engineering geologist or geotechnical engineer familiar with 
debris flows will evaluate the area and will be present during pipeline construction to observe the trench 
and earth materials.  Based on the results of these observations, MVP will determine if minor adjustments 
to the proposed alignment are warranted to mitigate the potential for a debris flow or avoid an existing 
debris flow.  If this area appears to be prone to debris flow recurrence but an alignment adjustment is not 
practical, mitigation measures, which may include drains and soil reinforcement or other measures 
depending on subsurface conditions encountered, will be implemented.  
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1 INTRODUCTION 

The Mountain Valley Pipeline Blasting Plan (Plan) outlines the procedures and safety measures that the 
contractor will adhere to while implementing blasting activities during the construction of the Mountain 
Valley Pipeline (MVP). This Plan addresses blasting for the proposed route alignment filed with the 
Federal Energy Regulatory Commission (FERC). 

The MVP Project is a natural gas pipeline system that spans approximately 303 miles from northwestern 
West Virginia (Wetzel County) to southern Virginia (Pittsylvania County). The MVP will be constructed 
and owned by Mountain Valley Pipeline, LLC, which is a joint venture of EQT Midstream Partners, LP; 
NextEra US Gas Assets, LLC; Con Edison Gas Midstream, LLC; WGL Midstream; and RGC Midstream, 
LLC. This Plan includes a brief description of the pipeline alignment and overall physiographic setting 
and bedrock geology in the vicinity of the MVP Project. Information on shallow bedrock soils and bedrock 
outcropping is taken from MVP Project’s Resource Report 6 – Geological Resources. A map depicting 
the location of MVP Project’s various pipeline routes is provided in Figure 1.2-1, MVP Project Overview 
Resource Report 1 – General Project Description. 

Information for blast and rip characteristics of the bedrock may be evaluated, at least in a general sense, 
and applied toward an appropriate bedrock excavation method. The hard and intact nature of the 
unweathered sedimentary bedrock (sandstones, limestones, and shales) dictates what blasting 
methods will be utilized. Soft bedrock, such as weathered sandstones, limestones, and shales may 
possibly be removed by ripping or mechanical means. 

Other geologic features may control the effects of blasting. Rock fabric, or the arrangements of minerals, 
determines intrinsic rock strength, and thus influences rock excavation. Joint spacing, bedding, and 
foliation also influence rock excavation. 

2 PROJECT ALIGNMENT 

The proposed FERC jurisdictional facilities described in this report will consist of approximately 303 
miles of 42-inch diameter pipeline, installing three new compressor stations that consist of approximately 
171,600 horsepower of compression, aboveground sites for interconnections, main line block valves, 
launchers and receivers, control systems, and other facilities, as further described in Resource Report 
1 -  General Project Description. 

The proposed pipeline, compressor stations, and interconnect facilities are summarized below: 

 Pipeline – Facilities would include: Installation of approximately 303 miles of 42-inch diameter 
pipeline with a 1,480 pounds per square inch gauge (psig) maximum allowable operating pressure 
(MAOP), with portions of the pipeline paralleling existing buried natural gas pipelines. The pipeline 
will be located in the West Virginia Counties of Braxton, Doddridge, Fayette, Greenbrier, Harrison, 
Lewis, Monroe, Nicholas, Summers, Webster, and Wetzel, and the Virginia Counties of Craig, Giles, 
Franklin, Montgomery, Pittsylvania, and Roanoke. The proposed pipeline will extend from Equitrans’ 
existing transmission system in Wetzel County, West Virginia to Transcontinental Gas Pipeline 
Company’s (TRANSCO) Zone 5 Compressor Station 165 in Pittsylvania County, Virginia. 

 Compression – The MVP Project will consist of the construction of three new compressor stations, 
totaling approximately 171,600 horsepower of new compression. 

 Interconnections – The MVP Project will have a total of three (3) interconnections at Equitrans 
Mobley in Wetzel County, WV; Columbia Pipeline Group WB in Braxton County, WV; and TRANSCO 
Zone 5 Compressor Station 165 in Pittsylvania County, Virginia. 
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3 GEOLOGIC SETTING 

The proposed Project route begins in Wetzel County, West Virginia, and proceeds in a southeasterly 
direction through eleven (11) West Virginia counties and six (6) Virginia counties. Along the proposed 
Project route, topography ranges from 586 to 3,741 feet above mean sea level (amsl) and crosses over 
several synclines and anticlines, as well as mineral resources, abandoned mines, active coal permit 
boundaries, oil and gas wells, and other mineral resources that are discussed in detail by Resource 
Report 6 – Geological Resources. 

3.1 Regional Physiographic Setting 

The proposed Project route crosses four physiographic provinces, including the Appalachian 
Plateau, Valley and Ridge, Blue Ridge, and Piedmont provinces that are discussed in detail by 
Resource Report 6 – Section 6.1.1. 

3.2 Regional Geology 

The Project traverses geology of numerous timeframes and rock types, as discussed in detail in 
Resource Report 6 – Section6.1.3. 

3.3 Active Faults 

The MVP alignment was evaluated for the presence of Quaternary-age faulting and the potential 
for ground movement and failure (Draper Aden Associates 2015c). The findings of the evaluation 
are discussed in detail in Resource Report 6  – Section 6.4.1.3. 

3.4 Areas of Shallow Bedrock 

The pipeline will be installed to allow a minimum cover of 36 inches in areas of shallow bedrock. 
Therefore, the proposed Project area was evaluated for areas where bedrock might be 
encountered above a depth of 80 inches (Resource Report 6 - Appendix 6-A and 6-B). 

Areas where shallow bedrock may be encountered are discussed in detail in Resource Report 6 
– Section 6.2. 

Where unrippable subsurface rock is encountered, approved alternative methods of excavation 
will first be explored including: rock trenching machines, rock saws, hydraulic rams, jack 
hammers, blasting, etc. The alternative method to be used will be dependent on the proximity to: 
structures, pipelines, wells, cables, water resources, etc., and the capabilities of the alternative 
excavation method. Should blasting for ditch excavation be necessary, care will be taken to 
prevent damage to underground structures (e.g., cables, conduits, and pipelines) or to springs, 
water wells, or other water sources. Blasting mats or padding will be used as necessary to prevent 
the scattering of loose rock (fly-rock). All blasting will be conducted during daylight hours and will 
not begin until occupants of nearby buildings, stores, residences, places of business, and farms 
have been notified. Where competent sandstone bedrock occurs in the stream bed, blasting may 
be used to reduce bedrock so the trench can be excavated. Specific locations requiring blasting 
will be determined in the field, based on the limitations of the mechanical excavation equipment. 

3.5 Coal 

Coal seams and mines are discussed in detail in Resource Report 6 – Section 6.3.3. 

No blasting is foreseen to occur within the limits of an active surface mine or an active deep mine. 
Any blasting to occur within these mineral areas would require a notice of the planned blasting.   
This notice would allow the mining company to confirm that no mining is occurring. However, if 
an area of blasting is found to be within an active mine area, the mining company will participate 
in the development of the Blasting Plan for that length of pipeline trench within the active mining 
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area. The mining company will be provided with a five (5) working day notice (minimum). This 
notice will be both verbal and written. 

3.6 Sand, Gravel, Clay, and Crushed Rock 

Sand, gravel, clay, and crushed rock quarries are discussed in detail in Resource Report 6 – 
Section 6.3.1. 

No blasting is foreseen to occur within the limits of an active quarry surface mine or an active 
underground quarry mine. Any blasting to occur within active mining areas would require a notice 
of the planned blasting. This notice would allow the quarry/mining company to confirm that no 
mining is occurring. However, if an area of blasting is found to be within an active mine area, the 
mining company will participate in the development of the blasting plan for that length of pipeline 
trench within the active mining area. The mining company will be provided with a five (5) working 
day notice (minimum). This notice will be both verbal and written. 

4 BLASTING SPECIFICATIONS 

Blasting for grade or trench excavation will be considered only after all other reasonable means of 
excavation have been evaluated and determined to be unlikely to achieve the required results. MVP 
may specify locations (foreign line crossings, nearby structures, etc.) where consolidated rock will be 
removed by approved mechanical equipment, such as rock trenching machines, rock saws, hydraulic 
rams, or jack hammers, instead of blasting. Areas where blasting may be required will be surveyed for 
features, such as karst terrain, structures, utilities, and wells. The pre-construction condition of human- 
occupied buildings will be documented. Occupied buildings and their condition within 150 feet of the 
blasting area will be documented as to their pre-blast condition, as set forth in Appendix A - Pre-Blast 
Survey, and their condition after blasting, as set forth in Appendix D - Post-Blast Survey. MVP will 
provide verbal notification, followed by written documentation, to the buildings’ occupant(s) of any 
blasting activity during both pre-construction and post-construction within 150 feet of a blast location. 

If blasting is conducted within 150 feet of an active water well, as necessary, MVP will conduct a pre-
construction evaluation of the well. Upon request by a landowner who had a pre-construction test, a 
post-construction test will be performed. Landowners will be contacted by an MVP representative, and 
a qualified independent contractor will conduct the testing. Wells within 150 feet of proposed Project 
work areas are tabulated in Resource Report 2 - Water Use and Quality. 

MVP will evaluate, on a timely basis, landowner complaints regarding damage resulting from blasting to 
wells, homes, or outbuildings. If the damage is substantiated, MVP will negotiate a settlement with the 
landowner that may include repair or replacement. 

Before any blasting occurs, Contractor will complete a project/site-specific blasting plan and provide it 
to MVP for review. No blasting shall be done without prior approval of MVP. In no event shall explosives 
be used where, in the opinion of MVP, such use will endanger existing facilities. The Contractor shall 
obtain MVP approval, and provide forty-eight (48) hours notice prior to the use of any explosives. MVP 
will provide at least a 24-hour notice to occupants of nearby (within 150 feet of blasting area) buildings, 
stores, residences, businesses, farms, and other occupied areas prior to initiating blasting operations. 
These notices will be verbal, followed by written documentation of the 24-hour notice. 

4.1 Specifications 

Blasting shall adhere to the following federal, state, county, township, local, and MVP standards 
and regulations. These standards and regulations are to be considered as the minimum 
requirements. Should there be a conflict between jurisdictions, standards, and regulations, the 
most stringent jurisdictions, standards, and regulations shall be followed. 

These blasting requirements for the MVP Project are as follows: 
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 MVP Project, Resource Report 6 - Geological Resources, Docket No. PF15- 3. 

 MVP, Design and Construction Manual, Design Standard, Pipeline, 4.11 Blasting Proximate to 
Buried Pipelines. 

 MVP, Design and Construction Manual, Design Standard, Pipeline, 4.17 Blasting Activities 
During Construction. 

 29 CFR 1926 Subpart U – Blasting and the Use of Explosives. 

 27 CFR 555 Subpart K, U. S. Bureau of Alcohol, Tobacco, and Firearms. 

 30 CFR 816.68 Mine Safety and Health Administration (MSHA). 

 49 CFR Part 192 USDOT. 

 27 CFR Part 55. 

 30 CFR '715.19. 

 National Fire Protection Association 495. 

 U. S. Bureau of Mines Report of Investigations 8507. 

 West Virginia 199 CSR 1 Title 199 Series 1. 

 Virginia 4 VAC25-130-816.11, 4 VAC25-130-816.64, 4 VAC25-110-210, and 3        VAC25-
150-250. 

5 PRE-BLAST INSPECTIONS 

As required by Resource Report 6 – Geological Resources, MVP shall conduct pre- blast surveys, with 
landowner permission, to assess the conditions of structures, wells, springs, and utilities within 150 feet 
of the proposed construction ROW. Should local or state ordinances require inspections in excess of 
150 feet from the work, the local or state ordinances shall prevail. The survey will include, at a minimum: 

 Informal discussions to familiarize the adjacent property owners with blasting effects and planned 
precautions to be taken on this project; 

 Determination of the existence and location of site-specific structures, utilities, septic systems, and 
wells; 

 Detailed examination, photographs, and/or video records of adjacent structures and utilities; and 

 Detailed mapping and measurement of large cracks, crack patterns, and other evidence of structural 
distress. 

The results will be summarized in a Pre-Blast Condition Report that will include photographs and be 
completed prior to the commencement of blasting. The pre-blast conditions will be documented with the 
information outlined by “Pre-Blast Survey, MVP Project”. This Pre-Blast Survey Form is considered the 
minimum information needed. Appendix BP-A presents the Pre-Blast Survey Form. The completion of 
the Pre-Blast Survey Form is in addition to all other local, county, township, state, or federal 
reporting/survey data collection and reports. 

6 MONITORING OF BLASTING ACTIVITIES 

During blasting, MVP contractors will take precautions to minimize damage to adjacent areas and 
structures. Precautions include: 
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 Dissemination of blast warning signals in the area of blasting. 

 Backfilling with subsoil (no topsoil to be used) or blasting mats or other approved methods. 

 Blast warning in congested areas, in shallow water bodies, or near structures that could be damaged 
by fly-rock. 

 Use of matting or other suitable cover, as necessary, to prevent fly-rock from damaging adjacent 
protected natural resources. 

 Posting warning signals, flags, and/or barricades. 

 Following Federal, State, Local, and MVP procedures and regulations for safe storage, handling, 
loading, firing, and disposal of explosive materials. 

 Manning adjacent pipelines at valves for emergency response, as appropriate. 

 Posting of portable signage, portable barricades, and visual survey of the blast area access ways to 
prevent unauthorized entrance into the blast zone by spectators and/or intruders. 

 Maintain communications between all persons involved for security of the blast zone during any and 
all blasting/firing. 

Excessive vibration will be controlled by limiting the size of charges and by using charge delays, which 
stagger each charge in a series of explosions. 

If the Contractor has to blast near buildings or wells, a qualified independent Contractor will inspect 
structures or wells within 150 feet, or farther if required by local or state regulations, of the construction 
right-of-way prior to blasting, and with landowner permission. Post-blast inspections by company’s 
representative will also be performed, as warranted. All blasting will be performed by registered blasters 
and monitored by experienced blasting inspectors. Recording seismographs will be installed by the 
Contractor at selected monitoring stations under the observation of MVP personnel. During construction, 
the Contractor will submit blast reports for each blast and keep detailed records as described in Section 
7.10. 

As appropriate, effects of each discharge will be monitored at the closest adjacent facilities by 
seismographs. 

If a charge greater than eight pounds per delay is used, the distance of monitoring will be in accordance 
with the U. S. Bureau of Mines Report of Investigations 8507. 

To maximize its responsiveness to the concerns of affected landowners, MVP will evaluate all 
complaints of well or structural damage associated with construction activities, including blasting. A toll-
free landowner hotline will be established by MVP for landowners to use in reporting complaints or 
concerns. In the unlikely event that blasting activities temporarily impair a water well, MVP will provide 
alternative sources of water or otherwise compensate the owner. If well or structural damage is 
substantiated, MVP will either compensate the owner for damages or arrange for a new well to be drilled. 

7 BLASTING REQUIREMENTS 

MVP has standard practices for blasting operations, as outlined by Sections 1.0 and 4.0 of this Blasting 
Plan. The potential for blasting along the pipeline to affect any wetland, municipal water supply, waste 
disposal site, well, septic system, spring, or pipelines will be minimized by controlled blasting techniques 
and by using mechanical methods for rock excavation as much as possible. Controlled blasting 
techniques have been effectively employed by MVP and other companies to protect active gas pipelines 
within 15 feet of trench excavation. The following text presents details of procedures for powder blasting. 
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7.1 General Provisions 

 The contractor will provide all personnel, labor, and equipment to perform necessary blasting 
operations related to the work. The Contractor will provide a permitted blaster possessing all 
permits required by the local, county, township, and states in which blasting is required during 
construction, and having a working knowledge of state and local laws and regulations that 
pertain to explosives. 

 Project blasting will be done in accordance with 27 CFR Part 55, 30 CFR '715.19, National Fire 
Protection Association 495 – Explosive Materials Code; the above referenced Specification; 
and all other state and local laws, when required; and regulations applicable to obtaining, 
transporting, storing, handling, blast initiation, ground motion monitoring, and disposal of 
explosive materials and/or blasting agents. 

 The Contractor shall be responsible for supplying explosives and blasting materials that are 
perchlorate-free in order to eliminate the potential for perchlorate contamination of ground 
water. Further, the use of ammonium nitrate is prohibited. 

 The contractor shall be responsible for securing and complying with all necessary permits 
required for the transportation, storage, and use of explosives. The Contractor shall be 
responsible for all damages or liabilities occurring on or off the right-of-way resulting from the 
use of explosives. When the use of explosives is necessary to perform the work, the Contractor 
shall use utmost care not to endanger life or adjacent property, and shall comply with all 
applicable laws, rules, and regulations governing the storage, handling, and use of such 
explosives. MVP will conduct a pre- and post- surficial leak survey along the centerline of each 
adjacent live pipeline to the planned blast area. The surficial leak survey will be conducted by 
MVP’s employees and/or designated representative, with the surficial leak survey extending a 
minimum of 100- feet (both directions) past the limits of the planned blast area. 

 Blasting activities will strictly adhere to all MVP, local, state, and federal regulations and 
requirements applying to controlled blasting and blast vibration limits in regard to structures, 
underground gas pipelines, and underground utilities. In addition to following state and federal 
blasting guidelines, MVP will contact each governmental agency (if project is not undertaken 
within twelve months as of the date of this Blasting Plan) along the proposed route to determine 
local ordinances or guidelines for blasting (refer to Table 7.1.1). 
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TABLE 7.1.1 MVP PROJECT 
CONTACTS AND RELATED PERMITTING PRIOR TO BLASTING 

JURISDICTION CONTACT AGENCY PERMIT/REGULATION 

West Virginia D. Vande Linde 
304.926.0464 

WVDEP Office of 
Explosives and 

Blasting 

Permit and Notification 

    

Virginia Marshal R. Moore 
276.415.9700 

DMME 
Virginia 

Department of 
Mines, Minerals, 

and Energy 

Permit and Notification 

    

Virginia Region 3 
Marion Office 
276.783.4860 

DGIF 
Virginia 

Department of 
Game and Inland 

Fisheries  

Notification: 48 hour 
notice 

    

Virginia Office: 804.371.0220  
statefiremarshal@ 
vdfp.virginia.gov 

SFMO 
Virginia State Fire 
Marshal’s Office 

Permit and Notification: 
24 hour notice 

    

Virginia and West 
Virginia 

Anita Bradburn 
Realty Specialist 
Management Branch 
Huntington District 
USACE 
304.399.5890 

US Army Corps of 
Engineers 

Notification: Blasting 
within 0.25-mile of 

Weston and Gauley 
Bridge Turnpike Trail 

and the Jefferson 
National Forest 

    

Virginia and West 
Virginia 

Joby Timm 
Forest Supervisor 
O: 540.265.5118 
C: 540.339.2523  
jtimm@fs.fed.us 

US Forest Service Notification: Blasting 
within 0.25-mile of 

Weston and Gauley 
Bridge Turnpike Trail 

and the Jefferson 
National Forest 

    
    

 

The Construction Contractor will be made aware of all applicable procedures and local 
requirements, and it will ultimately be the Contractor’s responsibility to notify officials and receive 
appropriate blasting permits and authorization. 
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Typically, local regulations require copies of the blasting Contractor’s Certificate of Insurance and 
License. In some jurisdictions, a Certificate of Bond will also be required, as well as a qualified 
person hired to oversee the blasting procedure. 

The MVP Chief Blasting Inspector (CBI) or designated representative shall have the opportunity 
to witness all rock excavations or other use of explosives. The Contractor shall conduct all blasting 
operations in a safe manner which will not cause harm to the existing pipelines and structures in 
the vicinity. If the CBI determines that any project blasting operations have been conducted in an 
unsafe manner, the CBI will notify the Contractor of the unsafe activity. If any further unsafe 
actions occur on the part of the blasting firm, the CBI will request the Contractor terminate the 
Contract of the blasting firm and hire another blasting company. 

Any failure to comply with the appropriate law and/or regulations is the sole liability of the 
Contractor. The Contractor and the Contractor’s permitted blaster shall be responsible for the 
conduct of all blasting operations, which shall be subject to inspection requirements. 

A Blasting Fact Sheet will be distributed to landowners where blasting is proposed and affected 
landowners will be contacted prior to any blasting activities. 

7.2 Storage Use at Sites 

Explosives and related materials shall be stored in approved facilities required under the 
applicable provisions contained in 27 CFR Part 55, Commerce in Explosives. The handling of 
explosives may be performed by the person holding a permit to use explosives or by other 
employees under his or her direct supervision, provided that such employees are at least 21 years 
of age. While explosives are being handled or used, smoking shall not be permitted, and no one 
near the explosives shall possess matches, open light, or other fire or flame within 50 feet of the 
explosives, in accordance with OSHA requirements. Suitable devices or lighting safety fuses are 
exempt from this requirement. No person shall handle explosives while under the influence of 
intoxicating liquors or narcotics at any time during construction of the Project. Original containers 
or Class II magazines shall be used for taking detonators and other explosives from storage 
magazines to the blasting area. Partial reels of detonating cord do not need to be in closed 
containers, unless transported over public highways. Containers of explosives shall not be opened 
in any magazine or within 50 feet of any magazine. In opening kegs, or wooden cases, no sparking 
metal tools shall be used; wooden wedges and either wood, fiber or rubber mallets shall be used. 
Non-sparking metallic slitters may be used for opening fiberboard cases. 

No explosive materials shall be located or stored where they may be exposed to flame, excessive 
heat, sparks, or impact. 

Explosives or blasting equipment that are obviously deteriorated or damaged shall not be used. 
Explosive materials shall be protected from unauthorized possession and shall not be abandoned. 

No attempt shall be made to fight a fire if it is determined the fire cannot be contained or controlled 
before it reaches explosive materials. In such cases, all personnel shall be immediately evacuated 
to a safe location and the area shall be guarded from entry by spectators or intruders. 

No firearms shall be discharged into or in the vicinity of a vehicle containing explosive materials 
or into or in the vicinity of a location where explosive materials are being handled, used, or stored. 
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7.3 Pre-Blast Operations 

The Contractor is required to submit a planned schedule of blasting operations to the CBI or his 
designated representative for approval, prior to commencement of any blasting or pre-blast 
operation, which indicates the maximum charge weight per delay, hole size, spacing, depth, and 
blast layout. If blasting is to be conducted adjacent to an existing pipeline, approval must be 
received from the pipeline’s Engineering Department. The Contractor shall provide this schedule 
to the CBI at least five working days prior to any pre-blast operation for approval and use. Where 
residences or other structures are within 150 feet of the blasting operation, the CBI may require 
notification in excess of five days. The blasting schedule is to include the blast geometry, drill hole 
dimensions, type and size of charges, stemming, and delay patterns and should also include a 
location survey of any dwelling or structures that may be affected by the proposed operation. Face 
material shall be carefully examined before drilling to determine the possible presence of unfired 
explosive material. Drilling shall not be started until all remaining butts of old holes are examined 
for unexploded charges, and if any are found, they shall be re-fired before work proceeds. No 
person shall be allowed to deepen the drill holes that have contained explosives. 

Drill holes shall be large enough to permit free insertion of cartridges of explosive materials. Drill 
holes shall not be collared in bootlegs or in holes that have previously contained explosive 
materials. Holes shall not be drilled where there is a danger of intersecting another hole containing 
explosive material. Charge loading shall be spread throughout the depth of the drill hole or at the 
depths or rock concentration in order to obtain the optimum breakage of rock. 

Loading and firing shall be performed or supervised only by a person possessing an appropriate 
blasting permit and license. All drill holes shall be inspected and cleared of any obstruction before 
loading. No holes shall be loaded, except those to be fired in the next round of blasting. After 
loading, all remaining explosives shall be immediately returned to an authorized magazine. 

A maximum loading factor of 4.0 pounds of explosive per cubic yard of rock shall not be exceeded. 
However, should this loading fail to effectively break up the rock, a higher loading factor shall be 
allowed if the charge weight per delay is reduced by a proportional amount and approved by the 
CBI. The minimum safe distance from the blasting area to a live buried pipeline is placed at 10 
feet measured horizontally from the edge of the blasting area to the outer edge of the affected 
pipeline. The site-by-site minimum safe distance between blasting areas and adjacent live natural 
gas pipelines will be calculated each time blasting is to occur using PIPEBLAST computer 
modeling program or other recognized industrial standards and applying the measured site 
conditions.  The   minimum   safe   distance   and   supporting   calculations and site measurements 
are to be submitted for approval to MVP’s CBI at least 48 hours before blasting is to occur. 

All blasts will be monitored to ensure the peak particle velocity does not exceed the following 
specified maximum velocities: 

 Four (4) inches per second for underground, welded, steel pipeline. 

 Two (2) inches per second for underground, coupled, steel pipelines; above ground and 
underground structures; or water wells. 

The MVP Engineering Department may approve higher peak particle velocities in writing, given 
site-specific conditions. 

The maximum amplitude of the elastic wave created by any blast shall not exceed 0.0636 inches. 

The type of explosive and initiation system to be used is as follows: 
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 Dyno Nobel Unimax TM (or equivalent) 

An extra-gelatin dynamite with a specific gravity of 1.51 g/cc, a detonation rate of 17,400 
f/s (unconfined) and a calculated energy of 1,055 c/g. The cartridge size will generally be 
2” x 8” (1.25 lbs/cartridge) or 2” x 16” (2.50 lbs/cartridge). 

 Dyno Nobel Unigel TM (or equivalent) 

A semi-gelatin dynamite with a specific gravity of 1.30 g/cc, a detonation rate of 14,200 
f/s (unconfined) and a calculated energy of 955 c/g. The cartridge size will generally be 
2” x 8” (1.15 lbs/cartridge) or 2” x 26” (2.30 lbs/cartridge). 

 Dyno Nobel Dynomax ProTM (or equivalent) 

A propagation-resistant dynamite, with a specific gravity of 1.45 g/cc, a detonation rate of 
19,700 f/s (unconfined) and a calculated energy of 1,055 c/g. The cartridge size will 
generally be 2” x 8” (1.225 lbs/cartridge) or 2” x 16” (24.45 lbs/cartridge). 

 Dyno Nobel NONEL TM 17 or 25 Millisecond Delay Connectors or Dyno Nobel 
NONEL EZ Det TM (or equivalent) 
A nonelectric delay detonator with a 25/350, 25/500, or 25/700 millisecond delay. 

 Dyno Nobel NONEL TM Nonelectric Shock Tube System Detonator (or equivalent) 

The Shock Tube will be used to initiate all shots. The Shock Tube will be attached at one 
point only for initiation of the entire shot and will not be used for down hole priming. 

Each borehole shall be primed with NONEL EZ Det� system. The total grains of the 
detonator system should be limited to prevent blowing stemming out of the drill hole. 
Boreholes shall be delayed with a minimum of 25 milliseconds (“ms”). Slightly longer 
delays may be used over steep hills with prior approval of the CBI. Primers shall not be 
assembled closer than 50 feet (15.25 m) from any magazine. Primers shall be made up 
only when and as required for immediate needs. 

Blasting shall not be permitted if any part of the live pipeline lies within the perimeter of 
the crater zone, regardless of size of the blast/shot. Crater zone shall be defined as a 
circle created by turning a radius along the ground surface equal to the length of the depth 
below the surfaces where the shot is placed. 

Tamping shall be done only with wood rods without exposed metal parts, but non- 
sparking metal connectors may be used for jointed poles. Plastic tamping poles may be 
used, provided the authority having jurisdiction has approved them. Violent tamping shall 
be avoided. 

Recommended stemming material shall consist of crushed stone with d50 – 3/8 inch, 
which will not bridge over like dirt and will completely fill voids in the hole. 

When safety fuse is used, the burning rate shall be determined and in no case shall fuse 
lengths less than 120 seconds be used. The blasting cap shall be securely attached to 
the safety fuse with a standard ring type cap crimper. 

Pneumatic loading of blasting agents in blast holes primed with electric blasting caps or 
other static-sensitive initiation systems shall comply with the following requirements: 
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 A positive grounding device shall be used for the equipment to prevent accumulation of 
static electricity; 

 A semi-conductive discharge hose shall be used; and 

 A qualified person shall evaluate all systems to assure they will adequately dissipate 
static charges under field conditions. 

No blasting caps or other detonators shall be inserted in the explosives without first 
making a hole in the cartridge for the cap with a wooden punch of proper size or standard 
cap crimper. 

After loading for a blast is completed, all excess blasting caps or electric blasting caps 
and other explosives shall immediately be removed from the area and returned to their 
separate storage magazines. 

7.4 Discharging Explosives 

Persons authorized to prepare explosive charges or conduct blasting operations shall use every 
reasonable precaution, including, but not limited to, warning signals, flags, barricades, or woven 
wire mats to ensure the safety of the general public and workmen. 

The Contractor shall obtain MVP’s approval and provide them at least 24-hour notice prior to the 
use of any explosives. The Contractor shall comply with local and state requirements for pre-blast 
notifications, such as the One-Calls of West Virginia and Virginia, which require a 72 hour, 
minimum, notice. 

Whenever blasting is being conducted in the vicinity (within 150 feet) of gas, electric, water, fire 
alarm, telephone, telegraph, and other utilities, the blaster shall notify the appropriate 
representatives of such utilities at least 24-hours in advance of blasting. Verbal notice shall be 
confirmed with written notice. In an emergency, the  local authority issuing the original permit may 
waive this time limit. MVP’s CBI is to be notified, both verbally and copied, with the written notice 
for notifications. 

Blasting operations, except by special permission of the authority having jurisdiction and MVP, 
shall be conducted during daylight hours. 

When blasting is done in congested areas or in proximity to a significant natural resource, 
structure, railway, highway, or any other installation that may be damaged, the blast shall be 
backfilled before firing or covered with a mat, constructed so it is capable of preventing fragments 
from being thrown. In addition, all other possible precautions shall be taken to prevent damage to 
livestock and other property and inconvenience to the property owner or tenant during blasting 
operations. Any rock scattered outside the right-of-way by blasting operations shall immediately 
be hauled off or returned to the right-of-way. 

Precautions shall be taken to prevent accidental discharge of blasting caps from currents induced 
by lightning, adjacent power lines, dust and snow storms, or other sources of extraneous 
electricity. These precautions shall include: 

 Suspension of all blasting operations and removal of all personnel from the blasting area during 
the approach and progress of an electrical storm; and 

 The use of lightning detectors is mandatory. 

No blast shall be fired until the blaster in charge has made certain that all surplus explosive 
materials are in a safe place, all persons and equipment are at a safe distance or under sufficient 
cover, and an adequate warning signal has been given. 
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No loaded holes shall be left unattended or unprotected. Explosive shall not be primed or fused 
until immediately before the blast. After each blasting sequence, the Blasting Contractor shall 
inspect the site for cut-offs and misfires. All explosives or blasting agents shall be verified as 
discharged prior to starting/resuming excavation. 

Only the person making connections between the cap and fuse system shall fire the shot. All 
connections should be made from the bore hole back to the source of ignition.  If there are any 
misfires while using cap and fuse, all persons shall remain away from the charge for at least 15 
minutes. Misfires shall be handled under the direction of the person in charge of the blasting and 
the construction right-of-way shall be carefully searched for the unexploded charges. 

Explosives shall not be extracted from a hole that has once been charged or has misfired unless 
it is impossible to detonate the unexploded charge by insertion of a fresh additional  primer. 

7.5 Waterbody Crossing Blasting Procedures 

Blasting should not be conducted within or near a stream channel without prior consultation and 
approval from the appropriate federal, state, and local authorities having jurisdiction to determine 
what protective measures must be taken to minimize damage to the environment and aquatic life 
of the stream. At a minimum, a five work day notice must be provided to the appropriate federal, 
state, and/or local authorities. In addition to the blasting permits a separate permit and approvals 
are required for blasting within the waters of the states of West Virginia and Virginia. 

Rock drill or test excavation will occur within the limits of a flowing stream only after the streamflow 
has been redirected and maintained via dam and pump or flume crossing, as presented in 
Resource Report 2 - Section 2.1.4 Waterbody Crossing Methods. For those streams that have no 
flow at the time of rock drill or test excavation activities, the rock testing will be conducted in the 
streambed and the streambed disturbance created by the rock testing will be restored within the 
same day of disturbance. 

Rock drill or test excavation and resulting blasting will only occur once the streamflow has been 
redirected and maintained via dam and pump or flume crossing method. For these crossings of 
flowing streams, work will commence immediately after the initial disturbance and continue until 
the stream crossing is completely installed and the streambed restored. Stream crossing methods 
and crossing mitigation measures are presented in Resource Report 2 - Section 2.1. 

To facilitate planning for blasting activities for waterbody crossings, rock drilled or test excavations 
may be used in waterbodies to test the ditch-line during mainline blasting   operations to evaluate 
the presence of rock in the trench-line.  The excavation of  the test pit or rock drilling is not included 
in the time window requirements for completing the crossing. For testing and any subsequent 
blasting operations, streamflow will be maintained through the site. When blasting is required, the 
FERC timeframes for completing in-stream construction begin when the removal of blast rock 
from the waterbody is started. If, after removing the blast rock, additional blasting is required, a 
new timing window will be determined in consultation with the Environmental Inspector. If blasting 
impedes the flow of the waterbody, the Contractor can use a backhoe to restore the stream flow 
without triggering the timing window. The complete waterbody crossing procedures are included 
in MVP’s E&SCP. 

MVP will immediately halt all construction activities if the loss of streamflow occurs after a blasting 
event. The construction contractor and MVP’s Environmental Inspector will immediately evaluate 
the loss of water and develop a Contingency Plan to restore streamflow. This Contingency Plan 
will be provided to the local, state, and federal agencies having jurisdiction over the stream 
impacted, for their review and approval. Congruent with the contractor’s and MVP’s Environmental 
Inspector’s evaluation, temporary emergency contingency measures will be employed to halt the 
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loss of streamflow. Immediately upon the agencies’ approval of the Contingency Plan, the 
contractor will implement the measures outlined in the agency-approved Contingency Plan. 

The temporary emergency contingency measures and the agency-approved Contingency Plan 
measures will be implemented in accordance with Resource Report 2 

- Section 2.2.5 Construction and Operation Impacts and Mitigation. 

7.6 Karst Terrain Blasting Procedures 

Karst Terrain Mitigation Plan has been developed for the Karst Terrain areas identified (Resource 
Report Appendix 6-D, D.2). This Karst Terrain Mitigation Plan will be followed should any blasting 
be required for grade and trench excavation. 

Blasting in a Karst Terrain will only be considered after all other reasonable means of excavating 
have been evaluated and determined to be unlikely to achieve the required grade. 

Blasting should not be conducted within or near a Karst Area without MVP’s Karst Specialist (KS) 
review and the Karst Blasting Plan obtaining approval from the appropriate federal, state and local 
authorities having jurisdiction to determine protective measures that must be taken to minimize 
damage to the Karst Terrain. At a minimum, the individual Karst Terrain Blasting Plan will be 
provided to the appropriate federal, state and local authorities for review and approval five working 
days prior to conducting the blasting. 

Blasting will be conducted in a manner that will not compromise the structural integrity of the karst 
hydrology of known karst structures. If rock is required to be blasted to achieve grade, then the 
following parameters will be adhered to: 

 The excavation will be carefully inspected for any voids, openings or other tell-tale signs of 
solution activity by MVP’s KS. 

 If the rock removal intercepts an open void, channel, or cave, the work in that area will be 
stopped until a remedial assessment can be carried out by MVP’s KS. 

 All use of explosives will be limited to low-force charges that are designed to transfer the 
explosive force only to the rock which is designated for removal (e.g., maximum charge of 2 
inches per second ground acceleration). 

7.7 Wetland Crossing Blasting Procedures 

Wetland Crossings Mitigation Plan has been developed for the wetland crossings identified 
(Resource Report 2 - Section 2.3 Wetland Resources). This Wetland Crossings Mitigation Plan 
will be followed should any blasting be required for trench excavation. 

Blasting for trench excavation crossing a wetland will only be considered after all other reasonable 
means of excavating have been evaluated and determined to be unlikely to achieve the required 
trench grade. 

Blasting should not be conducted within or near a wetland without MVP’s Environmental Inspector 
review and development of a Wetland Crossing Blasting Plan that includes protective measures 
to minimize damage to wetlands. At a minimum, the individual Wetland Crossing Blasting Plan 
will be provided to the appropriate federal, state and local authorities for review and approval five 
working days prior to conducting the blasting. 

Blasting will be conducted in a manner that will not compromise the structural integrity of the 
wetland hydrology of known wetlands. If rock is required to be blasted to achieve trench grade, 
then the following parameters will be adhered to: 
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 The excavation will be carefully inspected for any voids, openings, fractures, or other tell-tale 
signs of dewatering activity by MVP’s Environmental Inspector. 

 If the rock removal intercepts an open void, channel, or fracture, the work in that area will be 
stopped until a remedial assessment can be carried out by MVP’s Environmental Inspector. 

 All use of explosives will be limited to low-force charges that are designed to transfer the 
explosive force only to the rock which is designated for removal (e.g., maximum charge of 2 
inches per second ground acceleration). 

7.8 Rock Disposal Due to Blasting 

During the course of blasting for grade and trench excavation excess rock fragments that are 
deemed as unacceptable for trench backfill may be incurred. This excess rock may be used in 
the restoration of the disturbed right-of-way limits, with the rock buried within the reclamation limits 
of the right-of-way. With the acceptance, approval and signed individual landowner agreements 
for the placement of this excess rock, the rock placement will be to a depth that will help stabilize 
the right-of-way restoration and will be below the root zones of the cover vegetation. 

If the excess rock is to be removed from the construction area, it is to be hauled to an approved 
local- and state-permitted disposal site. This disposal facility will need to demonstrate that it is 
permitted to accept and dispose of the excess rock from the blasting operations. MVP will obtain 
a copy of the disposal facility’s permit, as issued by the local jurisdiction having authority over the 
disposal facility and the disposal site within. 

7.9 Disposal of Explosive Materials 

All explosive materials that are obviously deteriorated or damaged shall not be used and shall be 
destroyed according to applicable local, state, and federal requirements. 

Empty containers and packages and paper or fiberboard packing materials that have previously 
contained explosive materials shall not be reused for any purpose. Such packaging materials 
shall be destroyed by burning (outside of the construction right-of- way) at an approved outdoor 
location or by other approved method. All personnel shall remain at a safe distance from the 
disposal area. 

All other explosive materials will be transported from the job site in approved magazines per local 
and/or state regulations. 

7.10 Blasting Records 

A record of each blast shall be made and submitted, along with seismograph reports, to MVP’s 
CBI. The record shall contain the following minimum data for each blast: 

 Name of company or contractor; 

 Location, date and time of blast; 

 Name, signature and license number of contractor and blaster in charge;  

 Blast location referenced to the pipeline station/milepost; 

 Picture record of the blast area disturbance and of blasted trench; 

 Type of material blasted; 

 Number of holes, depth of burden and stemming, and spacing; 
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 Diameter and depth of holes; 

 Volume of rock in shot; 

 Types of explosives used, specific gravity, energy release, pounds of explosive per delay, and 
total pounds of explosive per shot; 

 Delay type, interval, total number of delays and holes per delay; 

 Maximum amount of explosives per delay period of 17 milliseconds or greater; 

 Power factor; 

 Method of firing and type of circuit; 

 Direction and distance in feet to nearest structure and utility neither owned or leased by the 
person conducting the blasting; 

 Weather conditions; 

 Type and height or length of stemming; 

 If mats or other protection were used; and 

 Type of detonators used and delay periods used. 

Within 48 hours following a blast, a Blast Report is to be provided to the MVP’s CBI.  The Blast 
Report shall provide the information outlined by “Blast Report MVP Project”. This Blast Report 
form is considered the minimum information needed. Appendix BP-B presents the Blast Report 
form. In addition to the completed Blast Report, the blast design is to be attached and made part 
of the Blast Report. The Blast Report MVP Project is in addition to all other local, county, township, 
state, or federal reporting requirements. Copies of these Blast Reports are to be provided to the 
CBI. 

At the conclusion of each blasting event, the Blasting Contractor is to conduct and inventory 
blasting/explosive materials with a written inventory report attached to the Blast Report.  All 
blasting/explosive materials are to be accounted for. Any discrepancies are to be immediately 
reported to the governing agencies and the MVP’s CBI. 

The person taking the seismograph reading shall accurately indicate the exact location of the 
seismograph, if used, and shall also show the distance of the seismograph from the blast. 

Seismograph records, where required, should include: 

 Name of person and firm operating and analyzing the seismograph record; 

 Seismograph serial number; 

 Seismograph reading; and 

 Maximum number of holes per delay period of 17 milliseconds or greater. 

Within 72 hours following a blast, at sites monitored by a seismograph, a Seismograph Report is 
to be provided to the MVP’s CBI. Appendix BP-C presents the Seismograph Report Form for the 
MVP Project.  In addition to the completed Seismograph Report, the seismograph readings and 
written interpretations are to be attached to the report. This reporting is in addition to all other 
local, county, township, state, or federal reporting requirements. Copies of these Seismograph 
Reports are to be provided to the CBI. 
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8 POST-BLASTING INSPECTION 

An independent contractor, with landowner permission, will examine the condition of structures within 
150 feet, or as required by state or local ordinances, of the construction area after completion of blasting 
operations, to identify any changes in the conditions of the these properties or confirm any damages 
noted by the landowner. The independent contractor, with landowner approval, will conduct a 
resampling of wells within 150 feet, or as required by state or local ordinances, of the construction area. 
Should any damage or change occur during the blasting operations, an additional survey of the affected 
property may be made. 

Upon receiving notice that a structure or other damages have possibly occurred due to the blasting 
operations, the Blasting contractor is to conduct a post-blast conditions survey. The post-blast conditions 
survey shall be conducted within 48 hours after being notified or at the landowner’s schedule and 
permission. The post-blast conditions will be documented with the information outlined by “Post-Blast 
Survey for the MVP Project”. This post-blast form is considered the minimum information needed.  
Appendix BP-D presents the Post-Blast Survey form. 
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PRE-BLAST SURVEY 
 

Mountain Valley Pipeline Project  
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PRE-BLAST SURVEY 
MOUNTAIN VALLEY PIPELINE PROJECT 

STRUCTURE INFORMATION  
 

OCCUPANT INFORMATION  
 

SURVEYOR'S INFORMATION  
 

STRUCTURE LOCATION MAP  
Survey Map: 8 ½” x 11” copy of construction alignment sheet or site specific plan/drawing showing 
Mountain Valley Pipeline and structure surveyed.  Attach map to survey.  

 

SITE PLAN SKETCH  
Site Plan: 8 ½” x 11” sketch showing all structures and relative locations, driveways, sidewalks, 
outbuildings, water wells, septic systems' components, and other man-made features as applicable.  
Use arrows to show site grade and slope. Include a North arrow and direction and distance to 
Mountain Valley Pipeline. The site plan sketch shall show the distance from the blast’s end points to 
the adjacent natural gas pipeline(s).  

Owner Name:   
Mailing Address:   
Telephone No.:   
Street Address or Physical Address:   
Latitude:  Longitude:  
County/Township:  State:  
Nearest Pipeline Station/Milepost:   
Company Structure No.:   

Occupant Name:  
Mailing Address:  
Telephone No.:  

Company Conducting Survey:  
Mailing Address:  
Telephone No.:  
Contact Person to Discuss Survey:  
Name of Approved Surveyor:  
State of Approval:  
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Exterior Inspection 
(Check all that apply) 

Page 2 

 

 

Age of Structure  

_____________________years  

estimated  
provided by owner or occupant 
other (explain)  

 
Use of Structure  

private dwelling  
commercial building  

retail  
factory  
office  
warehouse/storage  

multi-family dwelling  
single-family rental  
apartment building  
other (explain)  

 
Type of Structure  

conventional dwelling  
mobile home  
mobile home with frame addition  
modular  
commercial (describe)  
other (explain)  
single story  
two story  
other (describe) _________________ 

 

 

 

 

 

Frame Materials  

conventional wood frame  
timber frame  
steel  
masonry  

 
Foundation Material  

poured concrete  
stone block  
cinder block  
concrete block  
other (explain) ______________________ 

 
Foundation Type  

crawl space  
full basement  
partial basement  
block on footing with center piers  
piers/posts/pillars with underpinning  
piers/posts/pillars w/out underpinning  
other (describe) If dwelling is a mobile home, are 

tie-downs in use?  yes no  
 
Exterior Finish Materials  

brick  
concrete block  
cinder block  
stone  
stucco  
brick or stone laminate  
wood siding  
aluminum siding  
vinyl siding  
shingle (describe type) ________________ 
other (explain) _______________________ 
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Exterior Inspection (cont.) 

(Check all that apply) 
Page 3 

Roofing Material(s)  

shingles  

asphalt  
cedar or other wood  
other (explain) _______________ 

slate  
tile  
tin or other metal  
tar & chip  
tarpaper  
other (explain) _____________________ 

Gutters installed  yes no  
Down spouts installed  yes no  

Routed away from foundation  
yes no  

Sidewalk/Walkway Material(s)  

concrete  
wood  
brick  
pavers/patio blocks  
flagstone  
other (explain) _____________ 

Roof Configuration  

sloped  
flat  

 
Chimney Material  

block  

brick  
stone  
metal other (explain)  

Driveway Material(s)  

concrete  
asphalt  

gravel  
tar & chip other (explain)   

 

 

Exterior Photos Labeled to Match Checklist Items.  

 

Comments (including a description of any substandard construction): 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________
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Well/Water Supply System (check all that apply) 
Page 4 

Public Service Water Supply (if not checked, complete the remainder of this page, and include  
a water analysis of untreated water).  

domestic  
irrigation domestic garden  
irrigation commercial crops  
livestock  
combined domestic and agricultural  
commercial (explain) 
 __________________________ 
no water source at the site (explain)  
_____________________________ 
cistern  
 

Size ___gallons 
Age ___years  

Supplied by:  
rainwater  
spring  
runoff/stream  

Location:  
aboveground  
buried  

Material:  
concrete  
plastic  
metal  
other (explain) ______ 

spring        
stream 
other (explain) ______  

 
dug well  

  Depth ____ft. age ______ 
brick lining  
stone lining  
other (explain)  

Pump type & size ________________ 
__________________________________ 



drilled well  
steel casing 
plastic casing 
other (explain)  

Casing depth ______ ft. 
Casing diameter_______in. 
Well screen/liner diameter _____ in. 
Depth____ft. to ____ft. 
Well screen type ____________ 

Vent type/size _____________________ 
Well driller ________________________ 
Pump type & size __________________ 
 

Water Quantity  

Has well ever gone dry yes no  
Has well capacity ever been measured  
yes no  If yes, list  
data (recharge rate): ______ gpm  
How many people use this water supply?  
 
Water Quality  

Does the water cause staining? 
 yes  no  

Stain color: ______ 
Item stained: ______ 

Are there particulates (solids) in the water 
yes no   

  If yes describe the particles 
(color, texture):________   

Does the water have an odor? 
yes no  If yes, describe the odor 
_____________________________ 
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Water Well/Septic-Sewage System 
Page 5 

Well/Water Supply (continued)  

Is there a treatment system?  

  yes    no  

Type of treatment: ___________ 

Is the water sampling point prior to treatment?  
  yes    no  

 

Sampling Information  

May the well be unsealed to measure depth to and 
of water? yes no  

Depth of water: _____ft 

Ground level to water: ______ft. 

May the well be pumped to measure other recharge 
characteristics?yes no 

Recharge rate ________gpm 

Date sampled: _________________________ 

Date measured: _______________________ 

Well sample no.: ______________________ 

 

 

Septic/Sewage Treatment System 
public service system 

  aeration system 

package plant 

    septic tank 

concrete 

plastic  

metal  

   other (explain) 

  drain field  

   other (explain) 

Location Information 

 Water well 

 Latitude  Longitude 

 Springs 

 Latitude  Longitude 

 Septic/sewage 

 Latitude  Longitude 

Attach lab analysis of the pre-treatment water and any available written well documentation. Provide 
source of documentation. Photos of water well(s), water supply, water treatment system, and 
septic/sewage treatment system and area.  

Interior Inspection 

Provide written documentation of any defects.  Written documentation must be accompanied by 
photos or room sketches for each interior room.  

Each interior room sketch must include type of construction materials and covering for each wall, the floor 
and the ceiling.  

Each wall that is found to be defect free must be labeled "room completely surveyed" or "no defects 
observed".  

Show areas hidden from view (hidden by furniture, etc.).  

Interior photos of a room should be appropriately labeled to match written documentation to the photo (i.e. 
room and wall number).  

Include a key to abbreviations used.  

Include a floor plan sketch with rooms labeled and indicate direction of progression of the inspection.  

Comments (include any substandard construction): 
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Additional Buildings 
Page 6 

 
 

Additional Building (attach additional sheets for each additional building). 
Type of building 

barn 
 garage 
 well house 
 storage 
 other (explain) ________________ 
Age _________________________ 

 estimated 
 owner provided 

 
Exterior finish material ________________ 
Frame materials _____________________ 
Roof materials ______________________ 
Floor materials _____________________ 
Foundation materials ________________ 
 
Is interior finished  yes  no 
 

Interior finish ____________________ 
 
 
Provide written documentation and photos of exterior and interior with room sketches for 
each interior room of the additional building. 

 
 
Comments 
 
Owner/resident: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
___________________________________________________________________________ 
Surveyor: 
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
_____________________________________________________________ 
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APPENDIX B 

BLAST REPORT 
 

Mountain Valley Pipeline Project 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

 
 
Blasting Company:_________________________________________________________________________ 
 
Address:__________________________________________________________________________________ 
_________________________________________________________________________________________ 
_________________________________________________________________________________________ 
Blast Location: _________________________to ____________________    ________________ _____ 
                                 Pipeline Station/Milepost               Pipeline Station/Milepost                      County/Township      State 
Blast Area: __________________________________    
______________________________________________ 

Picture(s) of Blast Area Disturbance    Picture(s) of Blasted Trench 
Blast Date and Time:_________________________________      ____________________________________ 

Date       Military Time 
Blaster: __________________________________________________________________________________ 

                                                                                              Signature of Blaster 
 
______________________________________________________________________________________________________________ 

                                                                                            Printed Name of Blaster 
  
_______________________________________________________________________________________________________________ 

   Blaster's License Number 
 
_______________________________________________________________________________________________________________ 

     Blasting Company Name 
 
_______________________________________________________________________________________________________________ 

Blasting Company License Number 
 
______________________________________________________________________________________________________________ 

                Signature of Blasting Company Person in Charge 
 
_______________________________________________________________________________________________________________ 

            Printed Name of Person in Charge 
 
Type of Material Blasted:_____________________________________________________________________ 
(Geologist Description) 
________________________________________________________________________________________ 
 
Blast Design:______________________________________________________________________________ 

Number of Holes and Diameter 
_________________________________________________________________________________________ 

Depth of Burden 
_________________________________________________________________________________________ 

Stemming and Spacing 
________________________________________________________________________________________ 

Depth of Holes 
_________________________________________________________________________________________ 

Stemming Type and Height/Length 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

Page 2 
 

Volume of Shot:_____________________________________________________________________________________________ 
Rock Volume of Shot 

 
Explosives and Delays:____________________________________________________________________________________ 

Type of Explosives Used 
 

____________________________________________________________________________________________________________________________ 
Specific Gravity and Energy Release 

 
___________________________________________________________________________________________________________________________ 

Pounds of Explosive per Delay 
 

___________________________________________________________________________________________________________________________ 
Total Pounds of Explosive per Shot 

 
___________________________________________________________________________________________________________________________ 

Type of Delay and Interval 
 

___________________________________________________________________________________________________________________________ 
Total Number of Delays and Holes per Delay 

 
____________________________________________________________________________________________________________________________ 

Maximum Amount of Explosives per Delay Period of 17 Milliseconds or Greater 
 

____________________________________________________________________________________________________________ 
Power Factor 

 
Firing:______________________________________________________________________________________________________ 

Method of Firing 
 

____________________________________________________________________________________________________________ 
Type of Circuit 

 
Nearest Structure:__________________________________________________________________________________________ 

Compass Direction and Distance in Feet to Nearest Structure 
 

___________________________________________________________________________________________________________________________ 
Nearest Structure Description 

 

Weather:___________________________________________________________________________________________________ 
Temperature, Wind and Sky Conditions at Start of Hole Loading 

 
____________________________________________________________________________________________________________ 

Temperature, Wind and Sky Conditions at Time of Blast 

 
Protection:__________________________________________________________________________________________________ 

Mats Description and Weight 
 

____________________________________________________________________________________________________________________________ 
Other than Mats Blast Protection 

 
Detonator/Delay: ________________________________________________________________________________________________________ 

Type of Detonator Used 
 
 

____________________________________________________________________________________________________________________________ 
Delay Period(s) Used 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

Page 3 
 
Safety Measures: ______________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
_____________________________________________________________________________________ 

Location of Measure 
 
____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 
_____________________________________________________________________________________ 

Comments 
 
_____________________________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
_____________________________________________________________________________________ 

Location of Measure 
 
____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 
 
____________________________________________________________________________________ 

Comments 
 
 
____________________________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
 
____________________________________________________________________________________ 

Location of Measure 
 
_____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 
_____________________________________________________________________________________ 

Comments 
 
_____________________________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
_____________________________________________________________________________________ 

Location of Measure 
 
_____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 

_____________________________________________________________________________________ 
Comments 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

Page 4 
 
Safety Measures:_______________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
_____________________________________________________________________________________ 

Location of Measure 
 
_____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 
_____________________________________________________________________________________ 

Comments 
 
_____________________________________________________________________________________ 

Safety Measures Implemented to Protect Blast Area from Unauthorized Personnel 
 
_____________________________________________________________________________________ 

Location of Measure 
 
_____________________________________________________________________________________ 

Dates Safety Measures Placed/Removed 
 
_____________________________________________________________________________________ 

Comments 
 
Communications Systems: ________________________________________________________________ 

Used to Maintain Safe Blast Area 
 
_____________________________________________________________________________________ 

Location and Use 
 
_____________________________________________________________________________________ 

Comments 
 
_____________________________________________________________________________________ 

Used to Maintain Safe Blast Area 
 
_____________________________________________________________________________________ 

Location and Use 
 
_____________________________________________________________________________________ 

Comments 
 
_____________________________________________________________________________________ 

Used to Maintain Safe Blast Area 
 
____________________________________________________________________________________ 

Location and Use 
 
_____________________________________________________________________________________ 

Comments 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

Page 5 
 
 
Communications Systems:________________________________________________________________ 

Used to Maintain Safe Blast Area 
 

__________________________________________________________________________________________________________ 
Location and Use 

 
___________________________________________________________________________________________________________ 

Comments 
 

___________________________________________________________________________________________________________ 
Used to Maintain Safe Blast Area 

 
__________________________________________________________________________________________________________ 

Location and Use 
 

___________________________________________________________________________________________________________ 
Comments 

 
___________________________________________________________________________________________________________ 

Used to Maintain Safe Blast Area 
 

__________________________________________________________________________________________________________ 
Location and Use 

 
___________________________________________________________________________________________________________ 

Comments 
 

___________________________________________________________________________________________________________ 
Notices of Blast: 

 
___________________________________________________________________________________________________________ 

Company/Person 
 

___________________________________________________________________________________________________________ 
Verbal Date Military Time 

 
___________________________________________________________________________________________________________ 

Written Notice Date 
 

___________________________________________________________________________________________________________ 
Written Notice Provided By 

 
___________________________________________________________________________________________________________ 

Company/Person 
 

___________________________________________________________________________________________________________ 
Verbal Date Military Time 

 
__________________________________________________________________________________________________________ 

Written Notice Date 
 

___________________________________________________________________________________________________________ 
Written Notice Provided By 
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BLAST REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

Page 6 
 
 
Notices of Blast:_______________________________________________________________________ 
                                                                                           Company/Person 

 
___________________________________________________________________________________________________________ 

Verbal Date                                   Military Time 
 

___________________________________________________________________________________________________________ 
Written Notice Date 

 
___________________________________________________________________________________________________________ 

          Written Notice Provided By 
 

__________________________________________________________________________________________________________ 
Company/Person 

 
__________________________________________________________________________________________________________ 

                            Verbal Date Military Time 
 

__________________________________________________________________________________________________________ 
                                                                                       Written Notice Date 

 
__________________________________________________________________________________________________________ 

                                                                                  Written Notice Provided By 
 

__________________________________________________________________________________________________________ 
                                                                                          Company/Person 

 
___________________________________________________________________________________________________________ 
                                                                                  Verbal Date Military Time 

 
___________________________________________________________________________________________________________ 

Written Notice Date 
 

___________________________________________________________________________________________________________ 
Written Notice Provided By 

 
___________________________________________________________________________________________________________ 

Company/Person 
 

___________________________________________________________________________________________________________ 
Verbal Date Military Time 

 
__________________________________________________________________________________________________________ 

Written Notice Date 
 

___________________________________________________________________________________________________________ 
Written Notice Provided By 
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APPENDIX C 

SEISMOGRAPH 
REPORT 

 

Mountain Valley Pipeline Project 
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SEISMOGRAPH REPORT 
MOUNTAIN VALLEY PIPELINE PROJECT 

 
 
Seismograph Company:______________________________________________________________ 
 
Address:___________________________________________________________________________ 
 
_______________________________________________________________________________________________________ 
 
Blast Location: _____________________to___________________    ______________         ________ 
                                  Pipeline Station/Milepost                       Pipeline Station/Milepost                          County/Township                          State 

 
Blast Date and Time:_________________________________________________________________ 
                                                                                         Date                                                                Military Time 

Seismograph Locations:______________________________________________________________ 
                                                      Seismograph Serial Number                                       Location Description 
 

____________________________________________________________________________________________________________ 
Distance from Blast in Feet and Location Compass Direction 

 
____________________________________________________________________________________________________________ 

Seismograph Reading 
 

____________________________________________________________________________________________________________ 
Seismograph Serial Number Location Description 

 
____________________________________________________________________________________________________________ 

Distance from Blast in Feet and Location Compass Direction 
 

____________________________________________________________________________________________________________ 
Seismograph Reading 

 
___________________________________________________________________________________________________________ 

Seismograph Serial Number Location Description 
 

___________________________________________________________________________________________________________ 
Distance from Blast in Feet and Location Compass Direction 

 
___________________________________________________________________________________________________________ 

Seismograph Reading 
 

___________________________________________________________________________________________________________ 
Seismograph Serial Number       Location Description 

 
___________________________________________________________________________________________________________ 

Distance from Blast in Feet and Location Compass Direction 
 

___________________________________________________________________________________________________________ 
Seismograph Reading 

 
Holes per Delay:____________________________________________________________________ 

Maximum Number of Holes per Delay Period of 17 Milliseconds or Greater 

 
Person Analyzing Readings:___________________________________________________________ 

Signature of Seismograph Reader 
 

________________________________________________________________________________________ 
Printed Name 

 
______________________________________________________________________________________________________________ 

Name of Company/Firm Analyzing Readings 
 

The seismograph report, copy of seismograph readings, and location sketch and description 
documenting the location of each seismograph are to be attached to the Blast Report for each blast where 
seismograph readings are required. 
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APPENDIX D 

POST-BLAST 
SURVEY REPORT 

 

Mountain Valley Pipeline Project 
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POST-BLAST SURVEY 
MOUNTAIN VALLEY PIPELINE PROJECT 

 
 
STRUCTURE INFORMATION 

Owner Name: 
Mailing Address: 
Telephone No.: 
Street Address or Physical Address: 
Latitude:  Longitude: 
County/Township:  State: 
Nearest Pipeline Station/Milepost: 
Company Structure No.: 

 
OCCUPANT INFORMATION 

Occupant Name: 
Mailing Address: 
Telephone No.: 

 
SURVEYOR'S INFORMATION 

Company Conducting Survey: 
Mailing Address: 
Telephone No.: 
Contact Person to Discuss Survey: 
Name of Approved Surveyor: 
State of Approval: 

 
REQUEST FOR POST-BLAST SURVEY 

Name of Company/Person Requesting Post-Blasting Survey: 
Mailing Address: 
Telephone No.: 
Physical Address: 
Statement of Damage: 

 
 
STRUCTURE LOCATION MAP 

Survey Map: 8 ½” x 11” copy of construction alignment sheet or site specific plan/drawing showing 
Mountain Valley Pipeline and structure surveyed. Attach map to survey.  

 
SITE PLAN SKETCH 

Site Plan:  
8 ½” x 11” sketch showing all structures and relative locations, driveways, sidewalks, outbuildings, 
water wells, septic systems' components, and other man-made features as applicable. Use arrows to 
show site grade and slope. Include a North arrow and direction and distance to Mountain Valley 
Pipeline. The site plan sketch shall show the distance from the blast’s end points to the adjacent natural 
gas pipeline(s). 
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Exterior Inspection 
(Check all that apply) 

Page 2 
 
 
Age of Structure 
 
______________years 
 estimated 
 provided by owner or occupant 
 other (explain)______________ 
 
Use of Structure 
 
 private dwelling 
 commercial building 

 retail 
 factory 
 office 
 warehouse/storage 

 multi-family dwelling 
 single-family rental 
 apartment building 
 other (explain)______________ 
 
Type of Structure 
 
 conventional dwelling 
 mobile home 
 mobile home with frame addition 
 modular 
 commercial (describe)_________ 
 other (explain)_______________ 
 single story 
 two story 

 other (describe)________ 
 

Frame Materials 
 
 conventional wood frame 
 timber frame 
 steel 
 masonry 
 
 
 
 

 
 
 
 
 
Foundation Material 
 
 poured concrete 
 stone block 
 cinder block 
 concrete block 
 other (explain) 
 
Foundation Type 
 
 crawl space 
 full basement 
 partial basement 
 block on footing with center piers 
 piers/posts/pillars with underpinning 
 piers/posts/pillars w/out underpinning 
 other (describe) 
If dwelling is a mobile home, are tie-downs 
in 
use?  yes  no 
 
Exterior Finish Materials 
 
 brick 
 concrete block 
 cinder block 
 stone 
 stucco 
 brick or stone laminate 
 wood siding 
 aluminum siding 
 vinyl siding 
 shingle (describe type) 

 other (explain) 
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Exterior Inspection (cont.) 
(Check all that apply) 

Page 3 
 
 
Roofing Material(s)  
 
 shingles  
 asphalt  
 cedar or other wood 
 other (explain)  
 slate 
 tile  
 tin or other metal  
 tar & chip  
 tarpaper  
 other (explain)  
Gutters installed  yes  no 
Down spouts installed  yes  no 
Routed away from foundation 
 yes  no 
 
Sidewalk/Walkway Material(s)  
 concrete  
 wood  
 brick  
 pavers/patio blocks  
 flagstone  
 other (explain) 

 
 
 
 
 
 
Roof Configuration 
 
 sloped 
 flat 
 
Chimney Material 
 block 
 brick 
 stone 
 metal 
 other (explain) 
 
Driveway Material(s) 
 concrete 
 asphalt 
 gravel 
 tar & chip 
 other (explain) 

 
Exterior Photos Labeled to Match Checklist Items. 

Comments (including a description of any substandard 
construction): 

________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________ 



                          General Blasting Plan 
 

39 

 

Well/Water Supply System (check all that apply) 
Page 4 

 
 Public Service Water Supply (if not checked, complete the remainder of this page, and include a 
water analysis of untreated water). 
 
Water Use 
 
 domestic  
 irrigation domestic garden  
 irrigation commercial crops  
 livestock  
 combined domestic and agricultural  
 commercial (explain)  
_______________________ 
 no water source at the site (explain)  
__________________________ 
 cistern  
Size _________gallons  
Age _________years  
Supplied by: 

 rainwater  
 spring 
 runoff/stream  

Location:  
 aboveground  
 buried  

Material:  
 concrete  
 plastic 
 metal  
 other (explain)__________ 

 spring  
 stream  
 other (explain)  
 
 dug well  
depth ____ ft. age _____ 

 brick lining  
 stone lining  
 other (explain) 
 Pump type & size______ 
______________________ 
 

 
 
 
 
 
 
 
 

 
 drilled well 

 steel casing 
 plastic casing 
 other (explain) 
Casing depth _____ft. 
Casing diameter ______in. 

Well screen/liner diameter _____ in. 
Depth ____ft. to _____ft. 
Well screen type_____________ 
Vent type/size_______________ 
Well driller _________________ 
Pump type & size ____________ 
 
Water Quantity 
Has well ever gone dry  yes  no 
Has well capacity ever been measured 
 yes  no If yes, list 
data (recharge rate): ________gpm 
How many people use this water supply? 
_____________________ 
 
Water Quality 
Does the water cause staining? 
 yes  no 

Stain color:_______________ 
Items stained:_____________ 

Are there particulates (solids) in the 
water?  yes  no 

If yes describe the particles 
(color, texture):__________ 

Does the water have an odor? 
 yes  no If yes describe the odor
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Water Well/Septic-Sewage System 
Page 5 

 
Well/Water Supply (continued)  
 
Is there a treatment system?  
 yes  no  
Type of treatment: _____________ 
Is the water sampling point prior to  
treatment?  yes  no  
 
Sampling Information  
May the well be unsealed to measure  
depth to and of water?  yes  no  

Depth of water:___________ft. 
Ground level to water: _____ft.  

May the well be pumped to measure 
recharge characteristics?  yes  no  

Recharge rate ________gpm  
Date measured: ________________ 
Date sampled: _________________ 
Well sample no.: _______________ 
 
 

Septic/Sewage Treatment System 
 
 public service system 
 aeration system 
 package plant 
 septic tank  

 concrete 
 plastic 
 metal 
 other (explain)__________ 

 drain field 
 other (explain)________________ 
 
Location Information 
 
 water well 

 latitude  longitude 
 springs 

 latitude  longitude 
 septic/sewage 

 latitude  longitude 
 
Attach lab analysis of the pre-treatment water and any available written well documentation. 
Provide source of documentation. Photos of water well(s), water supply, water treatment 
system, and septic/sewage treatment system and area. 
 
Interior Inspection 
Provide written documentation of any defects. Written documentation must be 
accompanied by photos or room sketches for each interior room. 

Each interior room sketch must include type of construction materials and covering for each wall, the 
floor and the ceiling. 
Each wall that is found to be defect free must be labeled "room completely surveyed" or "no defects 
observed". 
Show areas hidden from view (hidden by furniture, etc.). 
Interior photos of a room should be appropriately labeled to match written documentation to the photo 
(i.e. room and wall number). 
Include a key to abbreviations used. 
Include a floor plan sketch with rooms labeled and indicate direction of progression of the inspection. 
 

Comments (include any substandard construction): 
___________________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________ 
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Additional Buildings 
 

Page 6 
 
 
Additional Building (attach additional sheets for each additional building). 
 
Type of building 

 barn 
 garage 
 well house 
 storage 
 other (explain)_________________ 

Age_________________________________ 
 estimated 
 owner provided 

 
Exterior finish material __________________ 
Frame materials_______________________ 
Roof materials_________________________ 
Floor materials_________________________ 
Foundation materials____________________ 
Is interior finished  yes  no 
Interior finish___________________________ 
 
 
Provide written documentation and photos of exterior and interior with room sketches 
for 
each interior room of the additional building. 
 

Comments 
Owner/resident:______________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
_________________________ 
Surveyor:___________________________________________________________________
___________________________________________________________________________
___________________________________________________________________________
_________________________ 
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DAMAGE SUMMARY 
 

Page 7 
 
 
 
Damaged Facility:___________________________________________________________________ 

List Facility Damaged 
 
Type of Damage:____________________________________________________________________ 

(Attach sketch of damaged facility, facility location, and photograph) 

 
Date of Blast and Time:______________________________________________________________ 

Date  (Attach copy of blast design and blast report)                                   Military 
Time 

     

 
Pipeline Trench Location: __________________to_________________   __________   ______ 

        Pipeline Station/Milepost        Pipeline Station/Milepost     County/Township    State 

 
 
Pipeline Trench to Damage Location:__________________________________________________ 

Distance from Blasting Site (in Feet) and Location Compass Direction 
 
Seismograph Report:_______________________________________________________________ 

(Attach Seismograph Report) 

 
Pipeline Trench Fracture Zone:______________________________________________________ 

Length in Feet    Width in Feet 
 
Changes Implemented Blast Design:___________________________________________________ 

Weight of Change 
 
______________________________________________________________________________________________________ 

Distribution of Change in Blast Hole 
 
______________________________________________________________________________________________________ 

Weight of Explosive per Delay 
 

_______________________________________________________________________________________________________ 
Shot Hole Pattern 

 
_______________________________________________________________________________________________________ 

Supplier/Manufacturer of Explosive 
 

_______________________________________________________________________________________________________ 
Explosive Grade 

 
Ground Geology: __________________________________________________________________ 

                                                                      List Changes Before Blast and After Blast 
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DAMAGE SUMMARY 
 

Page 8 
 
 
 
 
 
Provide Written Comments of:   MVP Chief Blasting Inspector 

Blaster 
Post-Blast Surveyor 
Seismologist 
Facility Owner 

 
 
 
 
Provide written comments of suggested changes to future blast designs for the Mountain Valley 
project. 
 
 
 
 
 
Provide written comments as to actions to be taken to correct the damages. 
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Upland Construction Water Quality Monitoring Plan 

1.0 Introduction 

This Upland Construction Water Quality Monitoring Plan (UCWQMP) has been prepared at the Virginia 
Department of Environmental Quality’s (DEQ) request to monitor for potential water quality impacts 
from the Mountain Valley Pipeline’s proposed upland ground‐disturbing activities. This plan is intended 
to generate representative monitoring data that will provide assurance that the approved erosion and 
sediment controls and other similar water quality control measures are effective. Monitoring locations 
have been identified to encompass different upland construction activities (e.g., pipeline and access 
road land disturbances) and different types of sensitive streams in the vicinity of the Project. The 
chemical and biological monitoring parameters have been selected to address impacts that generally 
could be associated with ground‐disturbing activities.  

1.1 Stream Criteria Considered for Monitoring 
 
Pursuant to the DEQ “Request for Information for Developing and Evaluating Additional Conditions for 

Section 401 Water Quality Certification for Interstate Natural Gas Infrastructure Project,” dated May 19, 

2017, streams with the following characteristics were reviewed and considered for water quality 

monitoring: 

1. Wild/stocked trout streams; 

2. Endangered/threatened species (ETS) waters; 

3. Designated public water supply streams; 

4. TMDL watersheds with established TMDL’s; 

5. Tier 3 streams; 

6. Areas near acidic soils. 

 
There are no Tier 3 streams within proximity to the Project limits of disturbance (see Draft Environmental 

Impact Statement 4‐90); thus, the final list of stream types  considered are listed in Table 1: 

 

 

Table 1: Stream Criteria 

Wild/stocked Trout Streams (Trout) 

Endangered/threatened species waters 

(ETS) 

Within 5 miles upstream of a Public Water 

Supply1 (PWS) 

TMDL watersheds (TMDL) 

Areas near acidic soils2 (Acid) 

                                                            
1 http://www.deq.virginia.gov/Programs/Water/WaterQualityInformationTMDLs/WaterQualityAssessments/201430 
5(b)303(d)IntegratedReport.aspx. Accessed May 2017 
 
2 Areas near acidic soils were defined as those where the drainage area of the pipeline right of way intersects acid 
forming soils and flows into a stream. 
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2.0  Potential Streams to be Monitored 
 
Utilizing the criteria from Table 1 above and cross‐referencing with the National Hydrological Dataset,  
Preliminary Draft Joint Permit Application (JPA) dated May 16, 2017, the Virginia DEQ list of Draft and 
Final TMDL Implementation  Plans3, and the Acid Forming Materials Mitigation Plan (prepared by Draper 
Aden Associates, dated May 2017), Mountain Valley Pipeline (MVP) identified streams for potential 
monitoring. 
 
To meet the DEQ criteria for this UCWQMP, the limits of upland ground‐disturbing activities were then 
assessed to locate Project areas that are in the vicinity of and upgradient from streams that meet the 
criteria for this analysis.  To isolate potential impacts from upland activities, this plan does not include 
sampling locations that are immediately downstream of Project stream crossings.4 

 

3.0  Recommended Monitoring Locations 
 
The following selection criteria was developed to determine the high priority streams to be 
recommended for monitoring (Table 2): 

 Only perennial streams (based on the flow regime provided in the JPA or the National 
Hydrological Dataset) were considered to ensure that flow would be present to collect data for 
the necessary monitoring parameters during sampling periods 

 A minimum of one stream for each type of criteria was selected; 

 Streams that met more than one of the criteria (e.g., were both a Trout Stream and an ETS 
water) were preferred; 

 Streams which were listed only due to a TMDL for bacteria were not considered due to the 
lack of a relevant monitoring parameter (i.e., fecal coliform was not requested as a monitoring 
parameter). 
 

Table 2: Recommended Monitoring Locations 

Stream ID  NHD Stream 
Name 

County  Criteria Met  Project Activity 

1  Clendenin Creek  Giles  PWS Intake, 
Acid 

Access Road 

2  Sinking Creek  Giles  Trout  Access Road 

3  Sinking Creek  Giles  Trout, ETS  Pipeline, Access 
Road, ATWS5 

4  Sinking Creek  Giles  Trout, ETS  Pipeline, Access 
Road, ATWS 

5  Craig Creek  Montgomery  ETS, TMDL 
(Sediment), Acid 

Pipeline, Access 
Road, ATWS 

                                                            
3 Available at:  
http://www.deq.virginia.gov/Programs/Water/WaterQualityInformationTMDLs/TMDL/TMDLImplementation/TM 
DLImplementationPlans.aspx Accessed May 19, 2017 
4 Potential impacts associated with stream and wetland crossings are addressed separately in MVP’s draft Joint 
Permit Application, which will serve as preconstruction notification for coverage under Nationwide Permit 12. 
5 Additional Temporary Workspace (ATWS) 
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6  North Fork 
Roanoke 

Montgomery  ETS, PWS, TMDL 
(Bacteria) 

Pipeline, Access 
Road 

7  Mill Creek  Roanoke  Trout, TMDL 
(Bacteria and 
Sediment) 

Pipeline, 
Access Road, 

ATWS 

8  Little Creek  Franklin  ETS, TMDL 
(Bacteria) 

Pipeline, Access 
Road, ATWS 

9  Blackwater  Franklin  ETS, PWS, TMDL 
(Bacteria) 

Pipeline, Access 
Road, ATWS 

 

Three sampling points are recommended for each sampling location for Chemical and Physical 
Parameters. One sample point will be upstream of the adjacent construction area, one sample point 
will be immediately adjacent to the construction area, and one sample point will be downstream of the 
adjacent construction area. Biological monitoring shall only be conducted upstream and downstream 
of  the adjacent construction area.  The purpose of the sampling is to provide assurance that the 
adjacent upland land disturbing activities are conducted in a manner that does not cause an impact to the 
nearby stream.  The upstream sampling point shall serve as  the baseline condition for each particular 
monitoring event at each sampling location. 
 
A map depicting the recommended nine (9) stream monitoring locations is included in Appendix A. Each 
map  depicts the suggested sampling points.  During the initial pre‐construction monitoring, Mountain 
Valley  shall select an exact point appropriate to existing field conditions and shall locate them with sub‐
meter GPS survey equipment for future monitoring events.  If allowed by the landowner, a permanent 
survey  marker shall also be installed. 

 
Mountain Valley will make commercially reasonable attempts to obtain access for these monitoring 
locations.  If access is limited (i.e., biological monitoring requires at least 300 feet for each sample 
reach, so some landowners may not concur with that element of the monitoring), or if access is denied, 
the  monitoring program will be adjusted accordingly after consultation with DEQ. 

 

4.0  Monitoring Parameters 
 
The following monitoring parameters are recommended (Table 3): 

 

Table 3: Monitoring Parameters 

Chemical Parameters 

Temperature 

Dissolved Oxygen 

Specific conductance 

pH 

Turbidity (NTU’s) 

Physical Parameters 
Photo documentation, general 
observations 

Biological 
Family‐level macroinvertebrate 
monitoring 
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5.0  Monitoring Frequency 
 
Mountain Valley will conduct monitoring of chemical and physical parameters prior to construction, 
during active construction, and after stabilization (i.e., seeding and mulching of the construction right‐
of‐way).  Biological parameters will be collected in accordance with DEQ requirements 

 

6.0  Monitoring Methodology 
 

Sampling of Chemical and Physical Parameters will be performed in‐situ; collection of samples for 
laboratory analysis is not proposed because it is not practicable for these chemical parameters. 
Biological sampling will be performed in the field with laboratory analysis of the collected specimens 
(i.e., sample  sorting and identification).  The sampling parameters will be recorded as follows (Table 4): 

 

 
 

Table 4: Sampling Methodology   

Chemical Parameters  Sampling Methodology 

Temperature  YSI 556 PRO PLUS Multi Probe System 
(MPS), or similar 

Dissolved Oxygen  YSI 556 PRO PLUS Multi Probe System 
(MPS), or similar 

Specific conductance  YSI 556 PRO PLUS Multi Probe System 
(MPS), or similar 

pH  YSI 556 PRO PLUS Multi Probe System 
(MPS), or similar 

Turbidity (NTU’s)  LaMotte 2020we/wi Turbidimeter, or 
similar 

Physical Parameters   

Photo documentation, general 
observations 

GPS‐enabled camera.  Photos will have 
unique ID, date, and GPS coordinates. 
Photo stations will be staked in the  field. 
General observations will also be 
recorded (i.e., weather, stream 
conditions) 

Biological Parameters   

Family‐level macroinvertebrate 
monitoring 

EPA’s Rapid Bioassessment Protocol6 

and A Stream Condition Index for 

Virginia Non‐Coastal Stream
7
 

                                                            
6 Barbour, M.T., J. Gerritsen, and B.D. Snyder and J.B. Stribling. 1999. Rapid bioassessment protocols for use in 
streams and rivers; periphyton, benthic macroinvertebrates, and fish 2nd edition. U.S. Environmental Protection 
Agency, Office of Water, Washington, D.C. EPA841‐b‐99‐002. 
7 Tetra Tech, Inc. 2003. A Stream Condition Index for Virginia Non‐Coastal Streams. Tetra Tech, Inc. Owings Mills, 
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7.0  Handling and Analytical QA/QC Procedures 
 
Chemical/Physical Parameters: 

All equipment will be calibrated prior to use in accordance with the manufacturer specifications, or 

according to the best professional judgment of the staff conducting the samples.  A calibration log will 

be kept and made available upon request.  Specific calibration protocols for the YSI 556 PRO PLUS Multi 

Probe System and the LaMotte 2020we/wi Turbidimeter are included in Appendix B. A daily equipment 

check prior to use will be performed to ensure good working order.  “Emergency repair kits” for all 

equipment will be kept on‐hand in the field during sampling events. 

In order to address QA/QC concerns, all measurements will be taken via independent simultaneous 

sampling. Two staff members with identical equipment will perform the sampling simultaneously at 

each determined location to ensure that the results are accurate between calibrated equipment.  This 

protocol will also guard against unexpected equipment failures. 

Biological Parameters: 

Biological sampling, sorting, identification and reporting will be conducted in accordance with the DEQ‐ 

approved Quality Assurance Project Plan (QAPP).  A copy of the QAPP is included in Appendix C. 
 

8.0  Reporting Procedures 

Within 4 weeks of completing the sampling event the data (chemical results, bench sheets, metrics, and 

VSCI scores) will be provided by email to the address identified by DEQ.  All data will be provided in PDF 

and Microsoft Excel file  formats.  Photographic information will be provided in a PDF and Microsoft 

Word file formats. Emails will be sent with a “read receipt” to confirm delivery. 

If the monitoring during or following construction produces elevated or anomalous sample results that 

exceed the applicable water quality criteria, MVP will initiate consultation with DEQ within 5 business 

days of such sampling to determine an appropriate response. 
 

                                                            
Maryland. Prepared for Virginia Department of Environmental Quality, Richmond, Virginia 
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Appendix	B		
Instrument	Maintenance	and	Calibration	Procedures	

	
This	exhibit	outlines	specific	notes	and	calibration	procedures	for	the	water	chemistry	
instruments	utilized	in	WSSI’s	water	quality	monitoring	program.		Consult	the	Safety	
Data	Sheets	(SDS)	for	the	calibration	solutions	as	some	products	may	be	irritants	and	
follow	the	disposal	instructions	for	each	solution.			
	
	

1. LaMotte	2020we/wi	Turbidimeter	
	

Notes:	
 Refer	to	the	user	manual	for	start‐up	instructions	and	factory	reset	

options.		
 This	meter	can	be	used	in	the	field	on	battery	power;	however,	the	

preferred	method	of	use	is	in	the	laboratory.			
	

Product	Calibration:	
 For	the	most	accurate	results,	perform	a	calibration	over	the	smallest	

range	possible.		
 Use	a	calibration	standard	that,	along	with	the	blank,	brackets	the	range	

of	the	samples	that	will	be	tested.		Consult	user	manual	for	further	
clarification.		

 It	is	recommended	that	this	meter	be	calibrated	daily	when	being	used	
daily.		

 With	the	meter	ON,	select	“MEASURE”	
 Select	“TURBIDITY—WITH	BLANK”	
 Rinse	a	sampling	tube	three	times	with	0	NTU	Standard.		Fill	the	tube	to	

the	link	with	the	0	NTU	Standard.		Cap	the	tube.		This	is	the	BLANK.		
 Wipe	the	tube	thoroughly	with	a	Kimtech	Kimwipe,	or	a	lint‐free	cloth.		
 Insert	the	tube	into	the	chamber	with	the	index	line	on	the	tube	aligned	

with	the	index	arrow	on	the	meter.		Close	the	lid.	Scan	Blank.		Remove	
the	tube.		

 After	scanning	the	blank,	scan	the	blank	again	as	a	sample.		It	should	read	
0.00.		If	not,	reblank	the	meter	and	scan	the	blank	again.		Repeat	until	it	
reads	0.00.		A	small	negative	number	will	be	observed	if	the	reading	is	
slightly	less	than	the	reading	used	as	the	blank.		This	is	expected	due	to	
minute	variations	between	readings.			

 Empty	the	tube.		Rinse	the	sample	three	times	with	the	1	NTU	Standard.		
Fill	the	tube	with	1	NTU	Standard	and	cap	the	tube.			

 For	the	most	accurate	results,	the	same	tube	should	be	used	for	the	
Blank,	the	1	NTU	Standard	and	the	Sample	to	eliminate	error	caused	by	
tube	to	tube	variation.			

 Fill	the	tube	slowly	with	a	pipette,	pouring	down	the	inside	wall	of	the	
tube	to	avoid	introducing	bubbles.		

 Wipe	the	tube	thoroughly	with	a	Kimtech	Kimwipe,	or	a	lint‐free	cloth.	
Insert	the	tube	into	the	chamber.		Close	the	lid	and	scan	the	sample.		
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 Scan	the	sample	three	times,	removing	the	tube	from	the	chamber	after	
each	scan.		The	readings	should	be	consistent.		Use	the	last	consistent	
reading	to	calibrate	the	meter.		

 Press	the	DOWN	arrow.		Select	“CALIBRATE”	
 Press	the	UP	or	DOWN	arrow	to	change	the	turbidity	reading	on	the	

display	to	read	1.00.		
 Press	“ENTER”	to	set	calibration.		

	
2. YSI	556	PRO	PLUS	Multi	Probe	System	(MPS)	

	
Notes:	
 Refer	to	the	user	manual	for	instructions	on	assembling	the	unit.		
 When	unit	is	not	in	use	for	up	to	30	days,	store	electrodes	in	

calibration/transport	sleeve	with	sponge	soaked	in	distilled	water	to	
provide	100%	saturated	air	environment.			

 When	unit	is	not	in	use	for	≥30	days,	remove	the	dissolved	oxygen	
membrane	cap,	thoroughly	rinse	the	sensor,	dry,	and	use	a	clean,	dry	
new	membrane	cap	to	screw	over	the	sensor	to	keep	it	dry	and	to	
protect	the	anode	and	cathode.	Additionally,	store	pH	electrode	in	the	
small	pH	7	solution	bottle	to	provide	a	saturated	air	environment	
(provided	by	YSI	on	delivery,	with	solution	already	in	it).		Then,	store	all	
electrodes	dry	in	calibration	cup	or	Probe	Sensor	Guard	(See	manual	for	
more	specific	instructions).	

 Replace	electrolyte	solution	in	membrane	cap	every	2‐8	weeks	when	
being	used	daily.		

 When	taking	water	quality	readings	in	the	field,	always	use	probe	sensor	
guard	to	protect	electrodes.		

 Conductivity	Calibrator	solution	should	be	stored	between	0	and	30°C.		
Discard	unused	solution	one	month	after	opening.		

 There	are	no	specifications	for	pH	storage	temperature.		Therefore,	it	can	
be	stored	at	room	temperature.		Read	label	for	expiration	dates.			

	
Product	Calibration:	

	
a. Dissolved	oxygen	

 The	YSI	offers	3	methods	that	can	be	used	to	calibrate	DO;	first	using	air	
calibration	in	%	saturation;	second	calibrates	in	mg/L	to	a	solution	with	a	
known	DO	concentration	(either	of	these	methods	will	automatically	
calibrate	the	other);	third	is	a	zero	calibration	(in	which	you	have	to	
perform	either	the	%	or	mg/L	calibration	following).	

 The	following	is	the	%	saturation	calibration	(easiest).	
i. Moisten	the	sponge	in	the	cal/transport	sleeve	and	loosely	screw	
onto	probes	to	provide	contact	with	atmosphere.	Make	sure	the	
DO	and	temperature	sensors	are	NOT	immersed	in	the	water.			

	 	 1.			Press	on/off	button	
	 	 2.			Use	“Cal”	hot	key	then	highlight	DO,	then	press	Enter	
	 	 4.			Highlight	DO%,	then	press	Enter	

5. Verify	barometric	pressure.	Once	DO	and	temperature	are	stable,	
highlight	Accept	Calibration	and	press	Enter.	The	screen	will	indicate	that	
the	calibration	was	accepted.		
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	 b.	Conductivity	
	 	 1.		Select	“Cal”	hot	key	on	keypad	
	 	 2.		Using	the	arrows,	highlight	“Conductivity”,	and	press	enter	

3.		Pick	from	the	options	for	calibrating	Specific	Conductance,	Conductivity,	
or	Salinity	(calibrating	one	will	automatically	calibrate	the	others).	
Additionally,	you	will	have	to	choose	the	units	you	want	conductivity	
displayed	in.	

4.		Fill	cal/transport	cup	completely	with	conductivity	solution	and	gently	
place	probes	in	and	tighten	to	ensure	there	are	no	bubbles	in	solution.	

7. Allow	approximately	1	minute	for	temperature	to	stabilize		
8. Highlight	the	Calibration	Value	and	enter	the	known	conductivity	of	the	

solution	into	the	YSI.		
9. When	the	readings	stabilize,	highlight	Accept	Calibration	and	press	Enter.	

The	screen	will	indicate	that	the	calibration	was	accepted.	Press	Enter	
again	

10. Press	escape	to	return	to	the	calibrate	menu	
11. Clean	the	calibration	cup	and	electrodes	with	water	and	dry	completely	

	
c.	pH	
	 1.		Select	“Cal”	hot	key	on	keypad	

2.		Using	the	arrows,	highlight	“pH”,	then	press	Enter.	The	pH	calibration	
allows	up	to	a	6	point	calibration.	

3.		Place	enough	of	the	buffer	solution	in	the	cal/transport	cup	to	cover	the	
pH	probes	and	insert	probes	into	cal/transport	cup.	

	 4.		Once	reading	is	stable,	highlight	Accept	Calibration	and	press	Enter	
	 5.		Screen	will	read	Ready	for	Second	Point	and	the	process	will	repeat.		

6.		Press	“Cal”	to	complete	calibration	after	reaching	desired	number	of	
buffer	calibrations	or	press	Esc	to	cancel	the	calibration.			

	
Field	Setup	and	Use:		

Remove	the	unit	from	storage	and	replace	the	cal/transport	cup	with	the	
guard	cup.	

	
1.	 Turn	on.	The	instrument	will	be	in	Run	mode	when	powered	on.	
	
2.	 Connect	the	two	ends	of	the	data	cable	to	the	probe	and	instrument.	
	
3.	 To	take	readings,	insert	the	probe	into	the	stream,	perpendicular	to	the	

flow,	until	all	the	sensors	are	covered.	Keeping	the	probes	submerged;	
agitate	the	probe	gently	until	the	readings	stabilize.	This	releases	any	air	
bubbles	and	provides	movement	if	measuring	DO.	

	
5.	 Turn	the	instrument	off	and	remove	the	guard	and	replace	the	

cal/transport	cup	on	the	probes.	
	

End	of	Day	Checks:		
	

Note:		DO	NOT	CALIBRATE	THE	INSTRUMENT	TO	THE	STANDARD	VALUES	
DURING	POST	CALIBRATION	CHECKS.		Perform	post	calibration	before	
cleaning	up	and	servicing	the	sensor.		When	performing	the	post	
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calibration	of	the	system,	it	is	extremely	important	that	all	calibration	
solutions	are	at	thermal	equilibrium.				

	
Dissolved	Oxygen	

	
1.	 Upon	returning	from	the	field,	allow	the	instrument	to	equilibrate	to	

room	temperature.	Once	the	temperature	has	stabilized,	add	a	small	
quantity	of	fresh	laboratory	grade	(or	distilled)	water	into	the	probe	and	
cap	shut.		Carefully	blot	dry	any	water	droplets	on	the	membrane	sensor.	

	
3.	 While	the	probe	is	adjusting,	obtain	the	barometric	pressure	of	the	

laboratory	and	calculate	the	barometric	pressure	correction	factor.	(See	
“Correction	Factor	for	Barometric	Pressure”).	

	
4.	 Once	the	temperature	reading	has	stabilized	(about	10	seconds	between	

changing	to	the	tenths	place	(0.1),	calculate	the	theoretical	dissolved	
oxygen	value	and	multiply	by	the	barometric	pressure	correction	factor.		
Enter	this	into	the	saturated	(theoretical)	end	of	day	dissolved	oxygen	
check	on	the	calibration	log	sheet.	(see	“How	to	Calculate	Theoretical	
Dissolved	Oxygen	Values”)	

	
5.	 Record	the	dissolved	oxygen	reading	on	the	probe	in	the	end	of	day	

dissolved	oxygen	field	on	the	YSI	Multiprobe	Calibration	and	Post	
Calibration	Log.	If	the	difference	between	the	two	is	less	than	0.5	mg/L	
the	instrument	is	in	calibration.		If	the	difference	between	the	Saturated	
DO	value	and	the	instrument	indicates	that	the	instrument	is	not	in	
calibration,	check	again	the	next	morning	to	make	sure	that	the	
temperature	was	properly	equilibrated.		If	the	difference	is	still	greater	
than	0.5	mg/L	the	data	collected	during	the	sampling	event	is	suspect	and	
should	be	flagged.	Additionally,	the	instrument	should	not	be	utilized	
until	more	extensive	cleaning/maintenance	is	conducted	and	the	
instrument	calibrates	well.	
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Specific	Conductance	
	
Note:		Readings	are	most	accurate	when	they	lie	within	the	calibrated	range.	
Determine	the	expected	range	of	values	in	the	field	prior	to	calibration.	
	
1.	 Rinse	the	sensors	twice	with	a	small	portion	of	the	specific	conductance	

standard,	discarding	the	rinse	each	time.	
	
2.	 Fill	calibration	cup	with	fresh	standard	solution	and	screw	on	

cal/transport	cup	making	sure	that	there	are	no	bubbles	in	the	cup.			
	
3.	 Watch	the	specific	conductance	readings	until	they	have	stabilized.	
	
4.			Record	the	reading	on	the	YSI	Multiprobe	Calibration	and	Post	Calibration	

Log.	
	
5.	 Compare	the	displayed	value	to	the	standard	value	and	calculate	the	

difference.		If	the	difference	is	less	than	±10%	of	50,000	µs/cm	standard	
then	the	instrument	is	in	calibration.		If	the	instrument	is	not	in	
calibration,	check	again	the	next	morning	to	make	sure	that	the	
temperature	was	properly	equilibrated.		If	the	difference	is	still	out	
specification,	the	data	is	suspect	and	should	be	flagged.		Additionally,	the	
YSI	should	not	be	utilized	for	that	parameter	until	it	has	an	extensive	
cleaning/maintenance.			

	
pH	
	
1.	 Rinse	twice	with	a	small	amount	of	pH	7.0	buffer	saved	from	previous	

calibrations	to	saturate	the	sensors.		Discard	the	buffer	after	each	rinse.	
	
2.	 Fill	cup	with	Fresh	pH	7.0	buffer	sufficient	to	cover	the	sensor.	
	
3.	 Allow	two	minutes	for	thermal	equilibrium.		Record	the	pH	value	

displayed	in	the	YSI	Multiprobe	Calibration	and	Post	Calibration	Log.	
	
4.	 Discard	the	7.0	buffer	used	to	do	the	end	of	day	check	down	the	drain.		
	
5.	 Flush	the	calibration	cup	and	sensors	thoroughly	twice	with	laboratory	

grade	(or	distilled)	water.	
	
6.	 Rinse	the	cup	and	sensors	twice	with	a	small	amount	of	pH	10.00	or	pH	

4.00	buffer.	
	
7.	 Fill	the	calibration	cup	with	FRESH	pH	10.00	or	pH	4.00	buffer	to	cover	

the	sensor	and	wait	for	the	instrument	to	equilibrate.		
	
8.	 Record	the	pH	value	displayed	in	the	YSI	Multiprobe	Calibration	and	Post	

Calibration	Log.	
	
9.	 Replace	the	storage	cup.	
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10.	Compare	the	displayed	values	to	the	standard	values.		If	the	difference	
between	the	standard	utilized	and	the	value	displayed	is	±	0.2	units	the	
pH	is	in	calibration.		If	the	difference	indicates	that	the	instrument	is	not	
in	calibration,	check	again	the	next	morning	to	make	sure	that	the	
temperature	was	properly	equilibrated.		If	the	difference	is	still	greater	
than	0.2	units	the	data	is	suspect	and	should	be	flagged.		Additionally,	the	
YSI	should	not	be	utilized	for	that	parameter	until	it	has	an	extensive	
cleaning/maintenance.	
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How	to	Calculate	Theoretical	Dissolved	Oxygen	Values	(obtained	from	DEQ	standard	

operating	procedures)	
	
Proper	calibration	of	Dissolved	Oxygen	(DO)	probes	is	important	to	collect	accurate	data.	An	easy	
way	to	see	if	a	probe	is	calibrated	correctly	is	to	compare	the	probe’s	results	against	the	theoretical	
DO	value.		This	DO	value	is	dependent	on	temperature	and	barometric	pressure.		
	
DO	Level	Based	on	Temperature		
The	top	table	on	the	attached	chart	allows	users	to	find	the	DO	level	based	on	temperature.		The	top	
and	side	axis	of	the	table	corresponds	to	the	temperature	that	the	probe	is	reporting.	The	
intersection	of	these	two	axes	displays	the	DO	reading.	Write	this	number	down	to	start	calculating	
the	theoretical	DO	level.		
	
Correction	Factor	for	Barometric	Pressure		
Barometric	pressure	measures	how	much	atmosphere	is	pressing	down	on	a	surface.		Weather	
systems	and	elevation	above	(or	below)	sea	level	can	change	this	value.	The	bottom	table	of	the	
attached	chart	will	help	compensate	for	these	changes	in	pressure.	Dissolved	oxygen	probes	
normally	show	pressure	in	millimeters	of	mercury	(mmHg)	or	millibars	(mBar).			
	
Having	a	barometer	on	hand	is	a	good	way	to	get	pressure	data.		A	weather	station	can	also	provide	
this	information.		Websites	such	as	www.wunderground.com	are	useful	to	find	nearby	stations.	
Please	note	that	most	barometers	and	weather	stations	report	pressure	in	inches	of	mercury	
(inHg).				
	
Note:	Using	Weather	Station	Barometric	Pressure	Readings	
	
Weather	stations	standardize	barometric	pressure	readings	to	make	it	appear	as	if	the	station	is	at	sea	level.	
To	account	for	this,	subtract	the	barometric	pressure	reading	by	1.01	inHg	per	1,000	feet	in	elevation	of	the	
weather	station.		This	final	value	is	known	as	absolute	barometric	pressure	(ABP).		
	
Example:	Find	the	absolute	barometric	pressure	of	a	station	located	222	feet	above	sea	level	that	reported	
30.12	inHg.		
	
30.12	inHg	–	1.01	inHg		30.12	–	1.01			30.12	–	0.22	=	29.90	inHg	ABP	
																			1000/	222	feet															4.50	
	
Once	identifying	local	pressure,	use	the	bottom	table	to	find	the	proper	correction	factor	to	use.		
The	formulas	at	the	bottom	of	the	chart	will	help	in	converting	inHg	barometric	pressure	reading	
into	mBar	(or	mmHg)	used	by	the	probe.	Use	this	value	to	find	the	correction	factor	to	use	in	the	
final	calculation.		
	
Example:	A	barometric	pressure	of	970	millibars	you	would	use	a	correction	factor	of	0.96	(second	
column,	bottom	row).			
	
Theoretical	DO	Calculation	
	
To	find	the	theoretical	DO	value,	use	the	following	formula.			
	

Theoretical	DO	=	(DO	level	based	on	temperature)	x	(barometric	pressure	correction	factor)	
		
Example:	If	a	probe	had	a	temperature	of	18.4	C	and	the	barometric	pressure	was	970	mBar,	the	
theoretical	DO	value	would	be	9.00	mg/L	(9.37mg/L	x	0.96	correction	factor)
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DEQ Dissolved Oxygen Calibration Sheet 
 

Directions- To calculate the theoretical DO saturation level, multiply the O2 concentration value (found 
in the top chart) by the barometric pressure correction factor (bottom chart).   
 

Temp 
in OC 

O2 concentrations in mg/l 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

5 12.75 12.71 12.68 12.65 12.61 12.58 12.55 12.52 12.48 12.45 
6 12.42 12.39 12.36 12.32 12.29 12.26 12.23 12.2 12.17 12.14 
7 12.11 12.08 12.05 12.02 11.99 11.96 11.93 11.9 11.87 11.84 
8 11.81 11.78 11.758 11.72 11.69 11.67 11.64 11.61 11.58 11.55 
9 11.53 11.5 11.47 11.44 11.42 11.39 11.36 11.33 11.31 11.28 
10 11.25 11.23 11.2 11.18 11.15 11.12 11.1 11.07 11.05 11.02 
11 10.99 10.97 10.94 10.92 10.89 10.87 10.84 10.82 10.79 10.77 
12 10.75 10.72 10.7 10.67 10.65 10.63 10.6 10.58 10.55 10.53 
13 10.51 10.48 10.46 10.44 10.41 10.39 10.37 10.35 10.32 10.3 
14 10.28 10.26 10.23 10.21 10.19 10.17 10.15 10.12 10.1 10.08 
15 10.06 10.04 10.02 9.99 9.97 9.95 9.93 9.91 9.89 9.87 
16 9.85 9.83 9.81 9.79 9.76 9.74 9.72 9.7 9.68 9.66 
17 9.64 9.62 9.6 9.58 9.56 9.54 9.53 9.51 9.49 9.47 
18 9.45 9.43 9.41 9.39 9.37 9.35 9.33 9.31 9.3 9.28 
19 9.26 9.24 9.22 9.2 9.19 9.17 9.15 9.13 9.11 9.09 
20 9.08 9.06 9.04 9.02 9.01 8.99 8.97 8.95 8.94 8.92 
21 8.9 8.88 8.87 8.85 8.83 8.82 8.8 8.78 8.76 8.75 
22 8.73 8.71 8.7 8.68 8.66 8.65 8.63 8.62 8.6 8.58 
23 8.57 8.55 8.53 8.52 8.5 8.49 8.47 8.46 8.44 8.42 
24 8.41 8.39 8.38 8.36 8.35 8.33 8.32 8.3 8.28 8.27 
25 8.25 8.24 8.22 8.21 8.19 8.18 8.16 8.15 8.14 8.12 
26 8.11 8.09 8.08 8.06 8.05 8.03 8.02 8 7.99 7.98 
27 7.96 7.95 7.93 7.92 7.9 7.89 7.88 7.86 7.85 7.83 
28 7.82 7.81 7.79 7.78 7.77 7.75 7.74 7.73 7.71 7.7 
29 7.69 7.67 7.66 7.65 7.63 7.62 7.61 7.59 7.58 7.57 
30 7.55 7.54 7.53 7.51 7.5 7.49 7.48 7.46 7.45 7.44 
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Barometric Pressure Correction factor:    

mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) Corr. Factor 

775-771 
1.02 

750-746 
0.987 

725-721 
0.953 

700-696 
0.92 (1033-

1028) 
(1000-
995) 

(967-
961) 

(934-
928) 

770-766 
1.014 

745-741 
0.98 

720-716 
0.947 

695-691 
0.914 (1027-

1021) (994-988) (960-
955) 

(927-
921) 

765-761 
1.007 

740-736 
0.973 

715-711 
0.94 

690-686 
0.907 (1020-

1014) (987-981) (954-
948) 

(920-
915) 

760-756 
1 

735-731 
0.967 

710-706 
0.934 

685-681 
0.9 (1013-

1008) (980-975) (947-
941) 

(914-
908) 

755-751 
0.993 

730-726 
0.96 

705-701 
0.927 

680-676 
0.893 (1007-

1001) 
(974-968) (940-

935) 
(907-
901) 

 
Convert inHg into mmHg  mmHg = inHg x 25.4    
Convert inHg into mBar  mBar = inHg x 33.864 
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C.		Distribution	List	
	
Name	 	 	 Organization	 	 	 	 	 Phone	
 
Michael S. Rolband Wetland Studies and Solutions, Inc.    703-679-5600 
 
D.		Project/Task	Organization	
 
Wetland Studies and Solutions, Inc. (WSSI) routinely conducts biological monitoring in 
Virginia for stream restoration and mitigation, as conditions of U.S. Army Corps of 
Engineer’s Section 404 Permits and Virginia Water Protection Permits, for development 
submission requirements, and for wastewater discharge assessments, as well as to assess 
stream conditions.  The data is typically submitted to Federal and State regulatory 
agencies for compliance with project requirements.  WSSI also intends to share this data 
with the Virginia Department of Environmental Quality (DEQ) to aid in use 
determinations, 305(b) assessment, or 303(d) listing and delisting of impaired waters. 
 
Below is an organization chart depicting the key WSSI personnel for biological stream 
monitoring projects as well as a brief description of their duties and qualifications.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1.  Organizational chart for WSSI biological stream monitoring. 
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Project	Manager	
 
Mark W. Headly, PWS, PWD, LEED® AP 
 
Mark Headly has over 35 years of experience in all aspects of environmental monitoring, 
assessment, and analysis with an emphasis on wetlands, floodplains, water quality, and 
watershed management.  He serves as the project manager and point of contact for many 
of WSSI projects involving biological stream monitoring stream assessments, wetland 
delineation, permitting, mitigation design, as well as local resource protection issues, 
including Chesapeake Bay Preservation Act compliance.  Mr. Headly is an expert in the 
regulatory programs of the U.S. Army Corps of Engineers (COE), Environmental 
Protection Agency (EPA), and state agencies in Virginia and Maryland, as well as local 
government water quality and resource protection initiatives.   
 
As Executive Vice President responsible for WSSI’s Environmental Services Division, 
Mr. Headly provides oversight and detailed review of all stream assessments, perennial 
flow determinations, wetland delineations, and wetland permitting.  He is the project 
manager for the Northern Virginia Stream Restoration Bank, Phase I and Loudoun 
County Wetlands and Stream Bank, Phase II Biological Monitoring studies.  Mr. Headly 
also served on the Loudoun County Strategic Watershed Solutions Project which led to 
the development of Loudoun County’s Comprehensive Watershed Management Plan. 
 
Biological	Monitoring	Coordinator/QAQC	Officer/Laboratory	Manager	
 
Alison Robinson, WPIT, CT 
 
Alison Robinson has more than five years of experience working in wetland and stream 
ecosystems, both in the Piedmont, Coastal Plain and in the Valley and Ridge of Virginia.  
She has conducted biological monitoring as a private consultant as well as in an academic 
setting.  She has participated in and organized the biological monitoring of over 50,000 
linear feet of stream in Northern Virginia over the past 4 years, using the U.S. EPA's 
Rapid Bioassessment Protocols, the Stream Condition Index for Virginia Non-coastal 
Streams and the Coastal Plain Macroinvertebrate Index.  She also participates in the 
sorting and identification of the collected samples.  She has assessed over 100,000 linear 
feet of streams in Northern Virginia utilizing the COE, Norfolk District and the Virginia 
Department of Environmental Quality’s (DEQ) Unified Stream Methodology.  She has 
also conducted stream assessments, using the stream evaluation methods developed by 
the North Carolina Division of Water Quality (NCDWQ) and the Fairfax County 
Department of Public Works and Environmental Services (DPWES) methods. 
 
Ms. Robinson is a Certified Level I (Family-level) Taxonomists for All Taxa under the 
North American Benthological Society Taxonomic Certification Program (NABS TCP, 
now known as the Society of Freshwater Science).  She is also a NABS TCP Family 
Level Test Supervisor for Virginia and a Certified Wetland Professional in Training.  She 
is certified by the Maryland Department of Natural Resources to conduct 
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macroinvertebrate sampling in Maryland under the Maryland Biological Stream Survey.  
She has also taught several benthic macroinvertebrate continuing education courses for 
WSSI employees.   
 
Ms. Robinson is the biological monitoring coordinator at WSSI.  She provides oversight 
and quality control for all aspects of biological monitoring projects at WSSI.   
 
Field	Leaders/Laboratory	Technicians	
 
Benjamin N. Rosner, PWS, PWD, CT, CE 
 
Benjamin Rosner has over ten years of experience working in the environmental 
consulting business with WSSI.  Mr. Rosner's primary responsibilities include 
performing biological stream assessments (DEQ biomonitoring method), stream flow 
determinations (Fairfax County DPWES method and NCDWQ method), benthic 
macroinvertebrate sampling and identification, conducting Resource Protection Area 
determination studies in accordance with local Chesapeake Bay Ordinances, site 
reconnaissance, wetland delineations, natural resource inventories, existing vegetation 
studies, endangered and threatened species searches and habitat evaluations, tree stand 
evaluations, wetland mitigation monitoring, conducting site visits with regulatory staff, 
preparing plans and permit applications to meet federal, state, and local regulatory 
requirements, and preparing documentation reports and exhibits.  Mr. Rosner is a 
Certified Level I (Family-level) Taxonomists for All Taxa under the NABS TCP as well 
as a Certified Ecologist through the Ecological Society of America, a Virginia Certified 
Professional Wetland Delineator, and a Certified Professional Wetland Scientist.   
 
Jennifer D. Feese, PWS, PWD, CT 
 
Jennifer Feese has over eight years of experience in environmental consulting, 
specializing in wetlands and water resource management, for both the private and public 
sectors.  Ms. Feese's experience at WSSI includes performing stream assessments 
(Fairfax County DPWES method, NCDWQ method, and the DEQ biomonitoring 
method), benthic macroinvertebrate sampling, conducting Resource Protection Area and 
Perennial Flow Determination studies in accordance with local Chesapeake Bay 
Ordinances, conducting site reconnaissance; wetland delineations; accompanying 
representatives from regulatory agencies on site visits to obtain Jurisdictional 
Determinations and wetland permits; and preparing documentation reports and exhibits.  
Ms. Feese is a Certified Level I (Family-level) Taxonomists for All Taxa under the 
NABS TCP as well as a Virginia Certified Professional Wetland Delineator, and a 
Certified Professional Wetland Scientist. 
 
Jennifer Van Houten, PWS, PWD, CT, CE, LEED®AP 
 
Jennifer Van Houten has over fifteen years of experience in environmental consulting 
with a specialization in water resource and wetlands management for both the private and 
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public sectors.  She is responsible for performing biological stream assessments (DEQ 
biomonitoring method), stream flow determinations (Fairfax County DPWES method and 
NCDWQ method), benthic macroinvertebrate sampling and identification, conducting 
Resource Protection Area determination studies in accordance with local Chesapeake Bay 
Ordinances, on-site wetlands reconnaissance, field delineations, COE Jurisdictional 
Determination field reviews, annual created wetlands and wetlands bank monitoring, 
COE and DEQ permit application preparation, wetlands delineation reports and sketches 
preparation.  During her full-time tenure at WSSI, she has worked on more than 350 
projects and 20 created wetlands sites. Mrs. Van Houten is a Certified Level I (Family-
level) Taxonomists for All Taxa under the NABS TCP as well as a Virginia Certified 
Professional Wetland Delineator, a Certified Professional Wetland Scientist, and a 
Certified Ecologist through the Ecological Society of America. 
 
Beth Clements, PWS, CT 
 
Beth Clements has over seven years of experience in environmental consulting.  She is 
responsible for biological stream monitoring, benthic macroinvertebrate sampling and 
identification, biological stream assessments (DEQ biomonitoring method), stream flow 
determinations (Fairfax County DPWES method and NCDWQ method), wetlands 
reconnaissance, field delineations, USCOE Jurisdictional Determination field reviews for 
wetland delineations, annual created wetlands and wetlands bank monitoring, COE and 
DEQ permit application preparation, wetlands delineation report and sketch preparations, 
Resource Protection Area (RPA) plan preparation, endangered and threatened species 
habitat evaluations and rare species/community assessment, and rare plant species 
searches.  She is a Certified Level I (Family-level) Taxonomist for All Taxa under the 
NABS TCP and a Certified Professional Wetland Scientist.  She is also certified by the 
Maryland Department of Natural Resources to conduct macroinvertebrate sampling in 
Maryland under the Maryland Biological Stream Survey.   
 
E.		Problem	Definition/Project	Background	
 
WSSI routinely conducts biological monitoring in Virginia for stream mitigation, as 
conditions of waters of the U.S. and Virginia Water Protection Permits, for development 
submission requirements, and for wastewater discharge assessments as well as to assess 
current stream conditions.  The data is typically submitted to Federal and State regulatory 
agencies for compliance with project requirements.  WSSI would like to also submit this 
data to the DEQ’s Freshwater Biological Monitoring Program for use determinations, 
305(b) assessment, or 303(d) listing and delisting of impaired waters.   
 
F.		Project/Task	Descriptions	
 
WSSI conducts biomonitoring in both coastal and non-coastal physiographic provinces of 
Virginia, and biomonitoring methods often vary depending on physiographic provinces.  
Biomonitoring project timelines often also vary between projects, depending on project 
requirements.  WSSI uses either the spring (March 1 through May 31) or fall (September 
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1 through November 30) index periods for sampling, depending on the project, and many 
of WSSI’s projects are required to be completed by November 30 of each monitoring 
year.  Benthic macroinvertebrate samples are not collected during periods of excessively 
high or low flows or within two weeks of a scouring flow event.  
	
Benthic	Macroinvertebrate	Sampling	
 
WSSI uses two methods for sampling benthic macroinvertebrates: the single habitat 
sampling approach and the multihabitat sampling approach.  These methods are discussed 
in detail in WSSI’s Standard Operating Procedures for Biological Monitoring of Streams 
in Virginia (Exhibit 1).   
 
The single habitat sampling approach is used typically in high gradient streams (i.e., non-
coastal streams), where cobble riffles are present and there is an ample area to sample at 
least one (1) square meter of the substrate.  Exhibit 1 includes procedures for single 
habitat benthic macroinvertebrate sampling.   
 
The multihabitat sampling method is typically used in low gradient streams (i.e., coastal 
non-tidal streams) where no riffles are present or the riffles are too small and/or too few 
to sample one (1) square meter of substrate.  Exhibit 1 includes procedures for multi-
habitat benthic macroinvertebrate sampling.   
 
Benthic macroinvertebrate data in non-coastal streams is used to calculate the Virginia 
Stream Condition Index (VSCI)1.  The VSCI is a multi-metric Index of Biotic Integrity 
used to assess the condition of non-coastal streams in Virginia.  The VSCI uses seven 
biotic metrics and one biotic index.  The VSCI is calculated by taking the weighted 
average of the individual metric (and index) scores.  Each reach is then assigned a 
narrative rating according to the calculated VSCI, where “Excellent” is >73, “Good” is 
60-72, “Stress” is 43-59, and “Severe Stress” is <42.   
 
Benthic macroinvertebrate data in coastal non-tidal streams is used to calculate the 
Coastal Plain Macroinvertebrate Index (CPMI)2.  The CMPI uses four biotic metrics and 
one biotic index.  The CPMI is calculated by adding the weighted metric (and index) 
scores.  Each reach is then assigned a narrative rating according to the calculated CPMI, 
where “Excellent” is 24-30, “Good” is 16-22, “Stress” is 6-14, and “Severe Stress” is 0-4.   
 
 
 
 

                                                 
1  Tetra Tech, Inc. 2003. A Stream Condition Index for Virginia Non-Coastal Streams. Tetra Tech, 

Inc. Owings Mills, Maryland. Prepared for Virginia Department of Environmental Quality, 
Richmond, Virginia. 

2  Maxted, J.R., M.T. Barbour, J. Gerritsen, V. Poretti, N. Primrose, A. Silvia, D. Penrose, and R. 
Renfrow. 2000. Assessment framework for mid-Atlantic coastal plain streams using benthic 
macroinvertebrates. J. N. Am. Benthol. Soc., 19(1):128-144. 
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Stream	Habitat	Assessment	
 
Habitat assessments are conducted at each biomonitoring reach.  WSSI uses two methods 
for assessing stream habitat depending on stream gradient: habitat assessment for high 
gradient streams and habitat assessment for low gradient streams.  Habitat conditions are 
assessed by qualitatively rating ten habitat parameters.  Each reach is then assigned a 
narrative rating according to the total habitat score, where “Optimal” is 160-200, “Sub-
optimal” is 159-107, “Marginal” is 106-54, and “Poor” is 0- 53.  Exhibit 1 includes 
procedures for stream habitat assessment.   
	
Water	Chemistry	Assessment	
 
In-situ water quality parameters (dissolved oxygen, pH, temperature, and conductivity) 
are measured within each reach with a YSI Multi Probe System (MPS) field instrument.  
If further tests need to be conducted, samples will be sent out to a Virginia Environmental 
Laboratory Accreditation Program (VELAP) certified lab for testing.   
	
G.		Measurement	Quality	Objectives	
 
To accurately and precisely assess the condition of streams while conducting biological 
stream assessments, WSSI has implemented several measures to ensure data quality, 
which are discussed below.   
 
Data	Precision,	Accuracy,	Measurement	Range,	Representativeness,	
Comparability,	and	Completeness	
 
When conducting water chemistry analyses, WSSI tests for dissolved oxygen, pH, 
temperature, and conductivity.  Table 1, below lists the Matrix, Measurement Range, and 
Accuracy of each water chemistry parameter.   
 

Table 1:  Matrix Measurement Range, and Accuracy of Water Quality Parameters 
Parameter Matrix Measurement Range Accuracy 

Temperature Water -5 to 45ºC ±0.15 ºC 
Dissolved 
Oxygen 

Water 0 to 50 mg/L 
0 to 20 mg/L: ±2% of reading or 0.2 

mg/L; whichever is greater 
Conductivity Water 0 to 200 mS/cm ±0.5% of reading or ±0.001 mS/cm; 

whichever is greater – 4 meter cable 
pH Water 0 to 14 units ±0.2 units 

 
WSSI staff are highly qualified to sample and identify macroinvertebrates to the family 
and genus-levels, to conduct stream habitat assessments, and to conduct water chemistry 
analyses.  Highly trained and certified staff, as well as the use of standard operating 
procedures including quality assurance/quality control measures (Exhibit 1) ensure data 
quality when conducting biological stream assessments.  WSSI staff certifications are 
included in Exhibit 2.  A list of training classes is included below in Section H below.   
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The above practices and qualifications ensure the representativeness, comparability, and 
completeness of WSSI’s monitoring data.   
 
H.		Training	Requirements	and	Certification	
 
All sampling, laboratory work, and data analysis are performed or supervised by the 
Coordinator/QAQC Officer/Laboratory Manager and Field Leaders /Laboratory 
Technicians.  All benthic taxonomic identifications are performed by staff that has 
obtained a certification from the NABS TCP.   
 
WSSI staff are highly trained in benthic macroinvertebrate sampling and identification 
and hold numerous taxonomic certifications through the NABS TCP, including the 
Biological Monitoring Coordinator/QAQC Officer/Laboratory Manager and all of the 
Field Leaders/Laboratory Technicians.  WSSI has also hosted in-house trainings for 
benthic macroinvertebrate sampling and identification for numerous WSSI staff.  Staff 
also attend annual sampling and identification refresher training courses and are required 
to become re-certified upon the expiration of their NABS TCP certification.  A copy of 
each staff certificate is included in Exhibit 2.  WSSI is also a NABS TCP Level I 
Approved Testing Center in Virginia.  Below is a list of benthic macroinvertebrate 
training and other additional relevant training that WSSI staff has attended.   
 

 Maryland Biological Stream Survey Spring Sampling Training, Maryland 
Department of Natural Resources, Carroll County, MD. 

 Freshwater Mussel Identification, Association of Mid-Atlantic Aquatic Biologist 
Workshop, Cacapon, WV.  

 Plecoptera Identification, Association of Mid-Atlantic Aquatic Biologist 
Workshop, Cacapon, WV.  

 Applied Fluvial Geomorphology (Level I), Dave Rosgen/Wildland Hydrology, 
Shepherdstown, WV. 

 River Morphology & Applications (Level II), Dave Rosgen/Wildland Hydrology, 
Gainesville, VA.  

 “Calculating the Stream Condition Index for Use in Non-Coastal Streams of 
Virginia”, WSSI, Gainesville, VA 

 “Family-level Benthic Macroinvertebrate Training for Level I NABS 
Certification” , WSSI, Gainesville, VA 

 “Ecology and Identification of Freshwater Macroinvertebrates in Wetlands”, 
WSSI, Gainesville, VA 

 Biological Monitoring of Stream Restoration, USFWS Conservation Science and 
Policy Training, Shepherdstown, WV 

 Surface Water ID and Training Course, Atkins, Raleigh, NC 
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I.		Documentation	and	Records	
 
Benthic macroinvertebrate, stream habitat, and water chemistry data is collected in the 
field and entered onto standard data sheets included in Appendix B and Appendix C of 
Exhibit 1.  Laboratory data is also entered onto standard data sheets (Appendix D of 
Exhibit 1).  All data is then entered into either a Microsoft Excel spreadsheet or an 
Ecological Data Application System (EDAS).  Reports are completed by the submission 
date required by the project.   The samples and data reports are then archived by project.   
J.		Sampling	Process	Design	
 
The sampling process design is outlined in the Standard Operating Procedures for 
Biological Monitoring of Streams in Virginia (Exhibit 1).  WSSI uses a targeted sampling 
approach for biomonitoring projects.  The number of sampling sites for a given project is 
based on project requirements (i.e., one 300-foot reach per 2,000 linear feet of stream 
restoration).  Prior to conducting the fieldwork, a desktop and field reconnaissance is 
conducted to establish assessment reach locations.  Relevant background information is 
reviewed including detailed site topography (when available), USGS quadrangle maps, 
National Wetlands Inventory maps, soils maps, and aerial photograph(s).  This 
information is used to help geographically locate the streams on the site and establish 
potential sampling reach locations within representative streams.  A field reconnaissance 
is conducted to establish exact reach locations.  All streams are evaluated in the field to 
determine if they flow long enough in the year to sample.  Streams with ephemeral flow 
are eliminated as candidate streams for sampling.  Streams with intermittent flow are 
assessed on a case-by-case basis.  Where possible, sampling reaches are 300 linear feet in 
length, located at least 300 feet upstream of any road or bridge crossing and do not have 
any major tributary streams flowing into the reach. 
 
K.		Sampling	Method	Requirements	
 
Exhibit 1 includes sampling methods for the biological monitoring.   
 
L.		Sampling	Handling	and	Custody	Procedures	
 
Qualified personnel (i.e., trained and certified) will be responsible for the sample 
collection, preservation, labeling, transport, and storage of benthic macroinvertebrate, 
stream habitat, and water chemistry data.  No special custody requirements of samples 
are required. 
 
M.		Analytical	Methods	Requirements	
 
Exhibit 1 includes procedures for collecting benthic macroinvertebrate, habitat, and water 
chemistry data.   
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N.		Quality	Control	Requirements	
 
Accuracy – WSSI’s Measurement Quality Objective (MQO) for taxonomic precision is a 
Percent Taxonomic Disagreement (PTD) value of ≤ 10%. PTDs are calculated for 10% of 
samples taken annually from each staff.  Samples are re-identified by the Project QA 
Officer to ensure accuracy.  WSSI staff participates in continuing education courses to 
ensure that accuracy does not fall.  
 
Sorting Efficiency- WSSI staff involved in laboratory sub-sampling of samples must first 
demonstrate the ability to remove ≥ 90% of the specimens per grid.  For detailed sub-
sampling procedures and QA/QC, (see Exhibit 1, Section A.d.xiv).  
The QA/QC Officer/Biological Monitoring Coordinator also conducts annual audits to 
ensure that the proper procedures are being followed.  
 
O.		Instrument/Equipment	Testing,	Inspection,	and	Maintenance	Requirements	
 
All instruments and equipment are routinely checked prior to fieldwork to ensure its 
properly functioning.  Equipment that is malfunctioning is required to be fixed or 
replaced prior to conducting fieldwork.  Exhibit 3 includes information on maintenance 
of water chemistry sampling equipment.   
 
P.		Instrument	Calibration	and	Frequency	
 
Exhibit 3 includes procedures for calibrating water chemistry sampling equipment.   
 
Q.		Inspection/Acceptance	Requirements	for	Supplies	
 
All instruments and equipment are routinely checked prior to fieldwork to ensure its 
functioning properly.  Equipment that is malfunctioning is required to be fixed or 
replaced prior to conducting fieldwork.  Exhibit 3 includes information on maintenance 
of water chemistry sampling equipment.   
 
R.		Data	Acquisition	Requirements	
 
Prior to conducting biological monitoring fieldwork, relevant background information is 
reviewed including a waters of the U.S. delineation (if available), detailed site topography 
(when available), USGS quadrangle maps, National Wetlands Inventory maps, soils maps, 
aerial photograph(s), DEQ water monitoring data, and local monitoring data such as Save 
Our Streams.  This information helps geographically locate the streams on the site, establish 
potential sampling reach locations, and understand the water quality in the vicinity of the 
reach.   
 
S.		Data	Management	
 
See Section I.  
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T.		Assessments	and	Response	Actions	
 
Assessment methods are described in Section F and in the standard operating procedures 
are described in Exhibit 1.  The results of the assessments indicate the condition of the 
study reaches.   
 
U.		Reports	
 
Reports are completed by the submission date required by the project and typically include 
the following:   

 
 A narrative describing background information about the site, methods, 

results, discussion, conclusions, works cited, and limitations.   
 An exhibit with Benthic Macroinvertebrate Laboratory Bench Sheets for each 

reach. 
 An exhibit with upstream and downstream photographs of streams 

investigated during the sampling fieldwork.   
 An exhibit with Field Data Sheets for each reach. 
 A summary table showing metric and index scores for each reach. 
 A summary table showing habitat assessment scores for each reach. 
 A biological stream assessment map depicting the location of sampling 

reaches and photographs.  
 
V.		Data	Review,	Validation,	and	Verification	
 
All field and laboratory data is reviewed, verified, and validated by the Field Leader, QA 
Officer, and Project Manager to ensure data has been compiled according to WSSI’s 
standard operating procedures.    
 
W.		Validation	and	Verification	Methods	
 
Data review, verification, and validation will be performed using self-assessment and 
peer and management review. Any errors detected will be rectified by editing incorrect 
database entries, resampling, or excluding questionable data.  On a yearly basis, sorting 
efficiency of sub-sampling macroinvertebrates are QA/QC’d by experienced personnel 
who will check all sorted quadrates from the first three samples processed by a sorter to 
ensure that all organisms were removed.  
 
X.		Reconciliation	with	Data	Quality	Objectives	(DQO)	
 
All data collected by WSSI is reviewed on an ongoing basis for accuracy, precision, and 
completeness. If data quality does not meet the appropriate specifications, data will be 
discarded and resampling may occur.  
 
K:\ENV Scientists\Biological Stream Assessments\QAPP- 2013 Revision\2013-07-08_QAPP.doc 
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A. Standard	Operating	Procedures	for	Conducting	Biological	Stream	Assessments	in	
Non‐coastal	Physiographic	Province	Streams:	

 
a. Reconnaissance- Prior to conducting the biological stream assessment fieldwork, a desktop 

and field reconnaissance should be conducted to establish assessment reach locations.   
 

i. Desktop Reconnaissance - Relevant background information should be reviewed 
including a waters of the U.S. delineation (if available), site topography, USGS 
quadrangle map, National Wetlands Inventory map, soils map, and aerial 
photograph(s).  This information should help geographically locate the streams on the 
site and establish potential sampling reach locations at representative streams.   

 
ii. Field Reconnaissance – A field reconnaissance should be conducted to establish 

reach locations.  All streams should be evaluated in the field to determine if they flow 
long enough in the year to sample during the sampling index period1.  Streams with 
ephemeral flows will be eliminated as candidate streams for sampling. Streams with 
intermittent flows will be assessed as candidate streams for sampling on a case by 
case basis.   Where possible, sampling reaches should be 300 linear feet in length, 
located at least 300-feet upstream of any road or bridge crossing and should not have 
any major tributary streams flowing into the reach.     

 
b. Benthic Macroinvertebrate Field Procedures – Biological assessment fieldwork should be 

conducted during the spring (March 1 through May 31) or fall (September 1 through 
November 30) index periods.  Although sampling can be conducted during either of the two 
sampling periods, sampling should be conducted during the same index period if sampling is 
to be conducted over multiple years to assure consistency.  Appendix A is an equipment list 
of field and laboratory supplies for conducting biological stream assessments using benthic 
macroinvertebrates.   

 
i. Walk the entire reach and sketch the approximate location of the sampling reach on a 

field map.  Mark potential sampling areas on the field map and take an upstream and 
downstream photograph depicting each reach.  The photographs should be taken 
within the reach from the center of the stream and depicting the habitat sampled.  
Mark the approximate location of each photograph on the field map.   

 
ii. Starting at the downstream end of the reach and moving upstream, sample the 

representative habitat throughout the reach. Sampling is conducted by holding the D-
frame net on the bottom of the stream and kicking and rubbing the substrate (i.e., 
cobbles, root wads, woody debris) to agitate and dislodge organisms.  

 
1. For the single habitat method, a total of 2 square meters (m2) of stream 

substrate will be sampled.  These samples will occur only in riffles and runs.  
A single kick consists of disturbing the substrate upstream of the D-frame net 
by kicking with the feet and/or by using the hands to dislodge the 

                                                 
1  The spring index period occurs from March 1 through May 31.  The fall index period occurs from September 1 

through November 30. 
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cobble/boulder for 30 seconds – 1 ½ minutes. For example six kicks 
disturbing a 1/3 of a m² above the D-frame net or 12 kicks disturbing a 1/6 of 
a m² of above the D-frame net should be used to sample a total of 2m², at 30 
seconds – 1 ½ minutes per kick net sample.  
 

2. For the multihabitat method, 20 jabs, each 1 meter (m) in length will be 
sampled.  Samples will be taken in stable and productive habitat, sampled 
downstream to upstream.  Different types of habitat should be sampled in 
rough proportion to their frequency within the sampling reach.  A single jab 
will consist of a jab into a productive habitat for 1 linear meter, followed by 2-
3 sweeps of the same area to collect organisms for 20 seconds-1 ½ minutes 
per jab/sweep/kick. 

 
iii. Samples should be cleaned and transferred to the sieve bucket at least every few 

kicks/jabs, more often if necessary, to prevent clogging of the net and the loss of 
organisms.  Do not let the net become so clogged with debris that it results in the 
diversion of water around the net rather than through the net.  If clogging occurs, 
discard the sample in the net and redo that portion of the sample in a different 
location. 

 
iv. As the sample is added to the sieve bucket, it should be further washed to remove 

fines.  Mix the sample by hand while sieving, remove large debris from the sample 
after rinsing and inspecting of organisms; place any organisms back into the sieve 
bucket.  Do not attempt to inspect small debris.  Try to wash the sample as gently as 
possible to prevent damage to the organisms.  

 
v. Place a sample label (Figure 1), filled out in pencil, in a sample container(s) and label 

the lid with the same information as the sample label with a permanent marker.  
Transfer the sample from the sieve bucket the pre-labeled sample container(s) and 
preserve in 90 percent isopropyl alcohol.  Fill the sample container with 
approximately one and a half times the amount of alcohol as needed to cover the 
sample. Forceps may be needed to remove organisms from the sieve screen and dip 
net.  Field samples are then taken to the WSSI lab for sorting and identification. 

 
 

 
 
 
 
 
 
 
 
 

     Figure 1. WSSI benthic sample label. 
 

WSSI BENTHIC SAMPLE 
PROJECT/JOB#  _______________________________ 
STATION  ____________________________________ 
DATE  _____________    TIME  __________________ 
GEAR  _____________    SAMPLE SIZE  _____________ 
COLLECTORS  __________________________________ 
LOG NUMBER  __________________________________ 
REMARKS  _____________________________________ 
________________________________________________ 
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c. Habitat Characterization Field Procedures– Habitat characterization should be conducted during 
the biological assessment fieldwork.  Habitat conditions should be assessed following the Rapid 
Bioassessment Protocols for habitat and using the Benthic Macroinvertebrate and Habitat Data 
Sheet- High Gradient Habitat Data Sheet (Appendix B).  Ten habitat parameters, including 
Epifaunal Substrate/Available Cover, Embeddedness, Velocity/Depth Regime, Sediment 
Deposition, Channel Flow Status, Channel Alteration, Frequency of Riffles, Bank Stability, 
Vegetation Protection, and Riparian Vegetative Zone Width are qualitatively rated, where the best 
possible score equals 200.  Below are descriptions of the habitat parameters for high gradient 
streams. 

 
i. Epifaunal substrate/available cover includes the relative quantity and variety of 

natural structures in the stream, such as fallen trees, logs, branches, cobble and large 
rocks, and undercut banks that are available to fish and macroinvertebrates for 
refugia, spawning/nursery activities, or feeding. A wide variety of submerged 
structures in the stream provide aquatic organisms with many living spaces; the more 
living spaces in a stream, the more types of organisms the stream can support. 

 
ii. Embeddedness refers to the extent to which rocks (gravel, cobble and boulders) are 

surrounded by, covered or sunken into the silt, sand, or mud of the stream bottom.  
Generally, as rocks become embedded, fewer living spaces are available to 
macroinvertebrates and fish for shelter, spawning and egg incubation. This parameter 
is assessed primarily in the riffles, if present.  To estimate the percent of 
embeddedness, observe the amount of silt or finer sediments surrounding the rocks.  
If kicking does not dislodge the rocks or cobbles, they may be greatly embedded.  It 
may be useful to lift a few rocks and observe how much of the rock (e.g., ½, ⅓) is 
darker due to anoxic reaction to the inorganic surface. 

 
iii. Velocity/Depth regime is important to the maintenance of healthy aquatic 

communities. Fast water increases the amount of dissolved oxygen in the water, keeps 
pools from being filled with sediment, and helps food items like leaves, twigs, and 
algae move more quickly through the aquatic system. Slow water provides spawning 
areas for fish and shelters macroinvertebrates that might be washed downstream in 
higher stream velocities.  Similarly, shallow water tends to be more easily aerated 
(i.e., hold more oxygen), but deeper water stays cooler longer.  Thus the best stream 
habitat will include all of the following velocity/depth combinations, and can 
maintain a wide variety of organisms. 

 
a. slow (<0.3 m/sec), shallow (<0.5 m) 
b. slow, deep 
c. fast, deep 
d. fast, shallow 
 

iv. Sediment deposition is a measure of the amount of sediment that has been deposited 
in the stream channel and the changes to the stream bottom that have occurred as a 
result of the deposition.  Excessive levels of sediment deposition create an unstable 
and continually changing environment that is unsuitable for many aquatic organisms.  
Sediments are naturally deposited in areas where flow is obstructed. These deposits 
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can lead to the formation of islands, shoals, or point bars (sediments that build up in 
the stream, usually at the beginning of a meander) or can result in the complete filling 
of pools.  To determine whether or not these sediment deposits are new, look for 
vegetation growing on them; new sediments will not yet have been colonized by 
vegetation. 

 
v. Channel flow status determines the percent of the channel that is filled with water. 

The flow status will change as the channel enlarges or as flow decreases as a result of 
dams and other obstructions, diversions for irrigation, or drought. When water does 
not cover much of the streambed, less living area is available for aquatic organisms. 
Assess the wetted width of the stream in relation to the location of the lower bank. 

 
vi. Channel alteration is basically a measure of large-scale anthropogenic changes in the 

shape of the stream channel.  Many streams in urban and agricultural areas have been 
straightened, deepened (e.g. dredged), or diverted into concrete channels, often for 
flood control purposes. Such streams have far fewer natural habitats for fish, 
macroinvertebrates, and plants than do naturally meandering streams.  Channel 
alteration is present when the stream runs through a concrete channel; artificial 
embankments, riprap, and other forms of artificial bank stabilization or structures are 
present; combined sewer overflows (CSOs) pipes are present; and the stream is of 
uniform depth due to dredging.  Signs that indicate the occurrence of dredging 
include straightened, deepened, and otherwise uniform stream channels, and the 
removal of streamside vegetation to provide dredging equipment access to the stream. 

 
vii. Frequency of riffles (or bends) is a way to measure the heterogeneity occurring in a 

stream.  Because riffles are a good source of high-quality habitat and faunal diversity, 
an increase in the frequency of riffles provides for greater diversity of the stream 
community. In streams where riffles are uncommon, a measure of the frequency of 
bends can be used as a measure of meandering or sinuosity, which also provides for a 
diverse habitat and fauna.  Additionally, streams with a high degree of sinuosity are 
better suited to handle storm surges through absorption of energy by bends as well as 
providing refugia for fauna during storm events. 

 
viii. Bank stability measures erosion potential and whether the stream banks are eroded. 

Steep banks are more likely to collapse and suffer from erosion than are gently 
sloping banks and are therefore considered to have high erosion potential. Signs of 
erosion include crumbling, unvegetated banks, exposed tree roots, and exposed soil. 

 
ix. Vegetative protection measures the amount of the stream bank that is covered by 

natural (i.e., growing wild and not recently planted) vegetation.  The root systems of 
plants growing on stream banks help hold soil in place, reducing erosion.  Vegetation 
on banks provides shade for fish and macroinvertebrates, and serves as a food source 
by dropping leaves and other organic matter into the stream.   Ideally, a variety of 
vegetation should be present, including trees, shrubs, and grasses.  Vegetative 
disruption may occur when the grasses and plants on the streambanks are mowed or 
grazed upon, or the trees and shrubs are cut back or cleared. 
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x. Riparian vegetative zone width is defined as the width of natural vegetation from the 
edge of the stream bank.  The riparian vegetative zone is a buffer zone to pollutants 
entering a stream from runoff; it also controls erosion and provides stream habitat and 
nutrient input into the stream.  A wide, relatively undisturbed riparian vegetative zone 
reflects a healthy stream system; narrow, disturbed riparian zones occur when roads, 
parking lots, fields, lawns and other artificially cultivated areas, bare soil, rocks, or 
buildings are near the stream bank. The presence of “old fields” (i.e., previously 
developed agricultural fields allowed to convert to natural conditions) should rate 
higher than fields in continuous or periodic use. 

 
d. Benthic Macroinvertebrate Laboratory Procedures – Laboratory samples are to be sorted, sub-

sampled, and identified to the lowest taxonomic level possible or to the level required by the 
individual project.  Use the following procedures: 

 
i. Remove the lid from the sample container and pull out the internal sample label (save 

the sample label – it will need to be returned to the sample container with the 
archived portion of the sample that does not get processed). Record sample collection 
information on the Benthic Macroinvertebrate Bench Sheet (Appendix D).  Header 
information required includes job name/WSSI #, station ID, stream name, collectors, 
date sampled, sorter, date sorted, number of grids subsorted, number of insects 
subsorted, taxonomist, date identified, and total number of organisms identified. 
 

ii. Fill out applicable information on the bench sheet (i.e. stream name, sorter, date 
sorted). 

 
iii. Transfer the contents of the container to a 500-micron mesh sieve and gently wash off 

the preservative in a sink with cold water, gently rubbing any large debris (i.e. leaves, 
sticks, rocks) over the sieve to dislodge invertebrates and remove the debris from the 
sample. 

 
iv. Transfer the sample material to the gridded sub-sampling tray (Figure 2) and spread 

out evenly.   
 

 
 
 
 
 
 
 
 

 
 

  Figure 2.  Gridded sub-sampling tray 
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v. Use a random number generator (e.g. random number table, cup with random 
numbers) to select a grid to process. Remove all the material from that grid and place 
the removed material into a separate petri dish   

 
1. An organism belongs to the grid containing its head.  If it is not possible to 

determine the location of the head (i.e., for worms), the organism is 
considered to be in the grid containing most of its body.  If the head of an 
organism lies on the line between two grids, all organisms on the top of a grid 
and those on the right side of a grid belong in that grid, and are picked with 
that grid. 

 
vi. Using a dissecting microscope, sort through the entire contents of each chosen cell 

and place any organisms with a head in a container with 70% isopropyl alcohol.  
Record the number of organisms found in each cell on the bench sheet.  
 

1. If more than 30-45 organisms are selected from the first grid, use your best 
professional judgment with regards to whether or not you should subsample 
(see Table 1).  If subsampling skip to step A.d.x., if not continue with step 
A.d.viii. 

 
vii. Continue selecting and processing randomly selected cells until 110 organisms +/- 

10% (99-121) are counted. Each grid begun must be picked to completion; that is, 
even if the target is reached halfway through a grid, finish the entire grid. Each grid 
must be QAQC’ed by the Biological Monitoring Coordinator/QAQC 
Officer/Laboratory Manager or a Field Leader/Laboratory Technician when the 
sorted is finished with it to ensure no organisms were missed. 

 
viii. If the last grid being processed results in more than 121 organisms (i.e., 10% above 

target number), evenly redistribute all of the organisms (without detritus) in a 25 grid 
tray. Use a random numbers table and counting backwards, from your total count, 
remove organisms from selected grid (s) (remember to remove ALL organisms in 
selected grid) until you are left with your target count of 110 organisms within 10% 
(99-121) remaining in the tray. The organisms that are removed may be discarded and 
the organisms that are remaining in your tray are your benthic sample to be identified. 

 
ix. Do not remove or count empty snail or bivalve shells, pupae, specimens of surface-

dwelling or strict water column arthropod taxa (e.g., Collembola, Veliidae, Gerridae, 
Notonectidae, Corixidae, Cladocera, or Copepoda), or incidentally-collected 
terrestrial taxa.  Also do not count fragments such as legs, antennae, gills, or wings.  
For Oligochaeta, attempt to remove and count only whole organisms and fragments 
that include the head; do not count fragments that do not include the head. 

 
x. Processing of high density samples:  

 
1. If more than 30 organisms are found within the first cell, use your best 

professional judgment to determine if you need to subsample.  If subsampling 
is warranted then record the number of the sampled cell and the number of 
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insects found on the bench sheet and then discard all of the organisms picked 
from the first cell.  

 
2. Using the table below, determine the number of cells to be removed from the 

sample based on the number of organisms found in the first cell. Use the 
random number table or cup to determine the cells to be removed and used as 
the subsample.  An example of removal would be the following; when 
removing 15, 20, or 25 grids you should be able to remove 3, 4, or 5 columns 
from the box. For example if you are to remove 15 grids, choose 3 random 
numbers (i.e. 3, 28, 35) and remove columns 3, 8, and 5. If you are to remove 
10 grids, choose 5 numbers (i.e. 2, 45, 17, 28, and 49) and remove grids next 
to one another. For example, grids 2 and 3 as well as 45 and 46, etc.   Place 
the selected removed grids in the sorting tray and set aside. Place the 
remaining sample back in the original sample bucket.  

 
a. If a column picked for subsampling contains the 1st cell (that has 

already been picked) then discard that number and pick again.  If the 
cell number immediately precedes the 1st cell picked then pick the cell 
before it (i.e. if your first cell was 8 and 7 was picked as a subsample 
cell, then pick 6 and 7 to get the correct number of cells to subsample). 

 

        
 

Table 1.  Subsample reduction table.   
 

3. Completely mix the selected grids in the tray. If the first grid has more than 30 
organisms, use your best professional judgment, with regards to whether or 
not you should re-subsample, and then go back to step A.d.vii.  
 

xi. Once subsampling is complete, transfer the contents of the gridded tray back to the 
original sample bucket.  Put the original sample label back into the sample bucket and 
fill the bucket with 70% isopropyl alcohol.  Archive the bucket in the lab for potential 
future reference.    

 
xii. Identify all organisms in the subsample to the lowest taxonomic level applicable, or to 

the level required by the project and record on the Benthic Macroinvertebrate Bench 
Sheet.  Place individuals from each taxa into a labeled shell vial, fill with 70% 
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isopropyl alcohol, plug the opening with a small amount of cotton, and store all shell 
vials into a labeled jar (Figure 1) for each reach. 

 
xiii. Quality Assurance/Quality Control- Because it can be difficult to detect the 

organisms in stream samples (due to inexperience, detritus, etc.), only persons who 
have received instruction by senior biology staff familiar with processing benthic 
samples can perform a quality control (QC) check.  These QC checks must be 
performed immediately following sorting of each grid.  Therefore, a laboratory staff 
member qualified to perform QC checks must be present anytime samples are 
processed by another individual. 

 
xiv. Qualification to be able to QAQC samples will only occur when sorters are consistent 

in achieving ≥ 90% sorting efficiency after at least five samples have been checked.   
 

The QC checker will calculate sorting efficiency for each sample (See Figure 3 for 
formula).  If sorting efficiency for each of the first five consecutive samples is ≥ 
90% for a particular individual, this individual is considered “experienced” and can 
serve as a QC checker.  In the event that an individual fails to achieve ≥ 90% 
sorting efficiency, they will be required to sort an additional five samples in order to 
continue to monitor their sorting efficiency.  However, if they show marked 
improvement in their sorting efficiency prior to completion of the next five samples, 
whereby they acquire the ≥ 90% sorting efficiency, the QC checker may, at his/her 
discretion, consider this individual to be “experienced.” Sorting efficiency should 
not be calculated for samples processed by more than one individual. 

 
 
 
 
                  #organisms         #organisms            #organisms              % sorting                 
                   originally sorted                   recovered by             originally sorted                                   efficiency                    
                                                     checker X 100 
                             

           ÷   +                   =    
           
                  

 
Figure 3.  QA/QC formula for calculating sorting efficiency.   

 
xv. Quality control checks should also be conducted as for sample identification.  The 

procedure should be similar as the procedure described above for sorting efficiency.   
   

xvi. Appendix E is a list of taxonomic references for benthic macroinvertebrate 
identification.  Appendix F is an identification guide to common stream benthic 
macroinvertebrates of Virginia. Appendix G is an identification guide to freshwater 
mussels of Northern Virginia.  

 
e. Benthic Macroinvertebrate Data Entry/Analysis – Calculating the Stream Condition Index for 

Virginia Non-Coastal Streams (SCI) 
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i. Benthic macroinvertebrate data should be entered into a Microsoft Excel spreadsheet 
or EDAS database to calculate the SCI for Virginia Non-Coastal Streams for each 
stream reach.  This spreadsheet and EDAS database can be found at the following file 
path:  K:\ENV Scientists\Templates\Reports\Benthics.  

 
ii. Once benthic macroinvertebrate data is entered into spreadsheet, several benthic 

metrics will be automatically calculated, including Percent Ephemeroptera, Percent 
Plecoptera + Trichoptera (Excluding Hydropsychidae), Percent Scrapers, Percent 
Chironomidae, and Hilsenhoff Biotic Index.  Other metrics including Total Taxa, 
EPT Taxa, and Percent Top Two Dominant will have to be manually calculated.  
Appendix H defines these seven metrics and index. 

 
iii. Once the metrics are calculated, the SCI numerical score will automatically be 

calculated.  Appendix H describes the calculations for the SCI.  Use the numeric 
thresholds in Table 2 to determine the SCI narrative score.     

 
Table 2.  Scoring Thresholds for Determining the Narrative Score for 
the Virginia Stream Condition Index  

NUMERICAL SCORE NARRATIVE SCORE 
<42 Severe Stress 

43-59 Stress 
60-72 Good 
>73 Excellent 

 
f. Habitat Data Entry/Analysis- Determining habitat quality  
 

i. Habitat data should be entered into a Microsoft Excel spreadsheet or EDAS to 
determine the overall habitat quality of each reach.  This spreadsheet can be found at 
the following file path:  K:\ENV Scientists\Templates\ Reports\Benthics. 

 
ii. Overall habitat quality is determined by totaling the habitat score for each reach.  Use 

Table 3 to determine the overall habitat quality of each reach.  
 

Table 3.  Scoring Thresholds for Determining the Overall Habitat 
Quality  

TOTAL HABITAT SCORE NARRATIVE SCORE 
160-200 Optimal 
159-107 Suboptimal 
106-54 Marginal 

0-53 Poor 
 
g. Report – The report is intended to discuss the overall condition of the established stream reaches 

on the study site.  The report should include the following:   
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i. A narrative describing background information about the site, methods, results, 
discussion, conclusions, works cited, and limitations.   

 
ii. An exhibit with Benthic Macroinvertebrate Laboratory Bench Sheets for each reach. 

 
iii. An exhibit with photographs of streams investigated during the sampling fieldwork.   

 
iv. An exhibit with the Benthic Macroinvertebrate and Habitat Field Data Sheets for each 

reach. 
 

v. A summary table showing the metric and index scores for each reach. 
 

vi. A summary table showing habitat assessment scores for each reach. 
 

vii. A biological stream assessment map depicting the location of sampling reaches and 
photographs.  

 
B. Standard	Operating	Procedures	for	Conducting	Biological	Stream	Assessments	in	

Coastal	Plain	Physiographical	Province	Streams:	
 

a. Reconnaissance- See Section A.a. for reconnaissance procedures. 
 

b. Benthic Macroinvertebrate Field Procedures- Biological assessment fieldwork should be 
conducted during the spring (March 1 through May 31) or fall (September 1 through November 
30) index periods.  Although sampling can be conducted during either of the two sampling 
periods, sampling should be conducted at the same index period if sampling is to be conducted 
over multiple years to assure consistency.  Appendix A is an equipment list of field and 
laboratory supplies for conducting biological stream assessments using benthic 
macroinvertebrates. 

 
i. Benthic macroinvertebrates occur in a variety of stream habitats in the coastal plain, 

and different types of organisms use different habitat types within these types of 
streams.  For this reason, benthic macroinvertebrates should be collected from the 
best available habitats (including gravel and cobble riffles, submerged snags, 
stick/leaf packs, undercut banks, submerged aquatic vegetation, and root mats) within 
each reach.   

 
ii. Walk the entire reach and sketch the approximate location of the sampling reach on a 

field map.  Mark potential sampling habitats on the field map and take an upstream 
and downstream photograph depicting each reach.  The photographs should be taken 
within the reach from the center of the stream and depicting the habitat sampled.  
Mark the approximate location of each photograph on the field map.   

 
iii. Sampling is conducted from downstream to upstream by either jabbing the D-frame 

net into submerged snags, sticks/leaf packs, undercut banks, submerged vegetation, 
and root mats, or kicking riffle substrates upslope of the net.   A single jab consists of 
forcefully thrusting the net into the habitat for 3 linear feet.  A single kick consists of 
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gently kicking the riffle substrate 3 linear feet upstream of the net.  A total of twenty 
jabs/kicks should be taken at best available habitat throughout the entire reach.   

 
iv. See Section A.b.iii. – A.b.v. 

 
c. Habitat Characterization Field Procedures – Habitat characterization should be conducted during 

the biological assessment fieldwork.  Habitat conditions should be assessed following the Rapid 
Bioassessment Protocols for habitat and using the WSSI Benthic Macroinvertebrate Habitat 
Assessment Field Data Sheet- Low Gradient Habitat Data Sheet (Appendix E).  Ten habitat 
parameters, including Epifaunal Substrate/Available Cover, Pool Substrate Characterization, Pool 
Variability, Sediment Deposition, Channel Flow Status, Channel Alteration, Channel Sinuosity, 
Bank Stability, Vegetative Protection, and Riparian Vegetative Zone Width, are qualitatively rated, 
where the best possible score equals 200.  Below are descriptions of the habitat parameters for low 
gradient streams. 

 
i. Epifaunal substrate/available cover includes the relative quantity and variety of 

natural structures in the stream, such as fallen trees, logs, branches, cobble and large 
rocks, and undercut banks, that are available to fish and macroinvertebrates for 
refugia, spawning/nursery activities, or feeding. A wide variety of submerged 
structures in the stream provide aquatic organisms with many living spaces; the more 
living spaces in a stream, the more types of organisms the stream can support. 

 
ii. Pool substrate characterization refers to the type and condition of bottom substrates 

found in pools.  Firmer sediment types (e.g., gravel, sand) and rooted aquatic plants 
support a wider array of organisms than pools dominated by mud or bedrock and with 
little or no plants.  Additionally, streams with a variety of substrate types will support 
far more types of organisms than streams with uniform pool substrates. 

 
iii. Pool variability rates the overall mixture of pool types found in streams according to 

size and depth.  Streams with many pool types support a wider variety of organisms 
than streams with fewer pool types.  Thus the best stream habitat will include all of 
the following pool types, and can maintain a wider variety of aquatic species. 

 
a)  large (>half cross-section of stream) –shallow (<1.0 m) 
b)  large-deep 
c)  small-shallow 
d)  small-deep 

 
iv. Sediment deposition is a measure of the amount of sediment that has been deposited 

in the stream channel and the changes to the stream bottom that have occurred as a 
result of the deposition.  Excessive levels of sediment deposition create an unstable 
and continually changing environment that is unsuitable for many aquatic organisms.  
Sediments are naturally deposited in areas where the stream flow is reduced, such as 
pools and bends, or where flow is obstructed.  These deposits can lead to the 
formation of islands, shoals, or point bars (sediments that build up in the stream, 
usually at the beginning of a meander) or can result in the complete filling of pools.  
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To determine whether or not these sediment deposits are new, look for vegetation 
growing on them: new sediments will not yet have been colonized by vegetation. 

 
v. Channel flow status determines the percent of the channel that is filled with water.  

The flow status will change as the channel enlarges or as flow decreases as a result of 
dams and other obstructions, diversions for irrigation, or drought.  When water does 
not cover much of the streambed, less living area is available for aquatic organisms.  
Assess the wetted width of the stream in relation to the location of the lower bank. 

 
vi. Channel alteration is basically a measure of large-scale anthropogenic changes in the 

shape of the stream channel.  Many streams in urban and agricultural areas have been 
straightened, deepened (e.g., dredged), or diverted into concrete channels, often for 
flood control purposes.  Such streams have far fewer natural habitats for fish, 
macroinvertebrates, and plants that do naturally meandering streams.  Channel 
alteration is present when the stream runs through a concrete channel; artificial 
embankments, riprap, and other forms of artificial bank stabilization or structures are 
present; the stream is very straight for significant distances; dams, bridges and flow-
altering structures, such as combined sewer overflow (CSOs) pipes are present; the 
stream is of uniform depth due to dredging.  Signs that indicate the occurrence of 
dredging include straightened, deepened, and otherwise uniform stream channels, and 
the removal of streamside vegetation to provide dredging equipment access to the 
stream. 

 
vii. Channel sinuosity is a way to measure the meandering or sinuosity occurring in a 

stream.  A stream with a high degree sinuosity provides for a more diverse habitat and 
fauna than a stream with a low degree of sinuosity.  Additionally; streams with a high 
degree of sinuosity are better suited to handle storm surges through absorption of 
energy by bends as well as providing refugia for fauna during storm events.  

 
viii. Bank stability measures erosion potential and whether the stream banks are eroded.  

Steep banks are more likely to collapse and suffer from erosion that are gently sloping 
banks and are therefore considered to have a high erosion potential.  Signs of erosion 
include crumbling, unvegetated banks, exposed tree roots, and exposed soil. 

 
ix. Vegetative protection measures the amount of the stream bank that is covered by 

natural vegetation (i.e., growing wild and not recently planted) which helps hold soil 
in place, reducing erosion.  Vegetation on banks provides shade for fish and 
macroinvertebrates, and serves as a food source by dropping leaves and other organic 
matter into the stream. Ideally, a variety of vegetation should be present, including 
trees, shrubs , and grasses.  Vegetative disruption may occur when the grasses and 
plants on the streambanks are mowed or grazed upon, or the trees and shrubs are out 
back or cleared. 

 
x. Riparian vegetative zone width is defined as the width of natural vegetation from the 

edge of the stream bank.  The riparian vegetative zone is a buffer zone to pollutants 
entering a stream from runoff; it also controls erosion and provides stream habitat and 
nutrient input into the stream.  A wide, relatively undisturbed riparian vegetative zone 
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reflects a healthy stream system; narrow, disturbed riparian zones occur when roads, 
parking lots, fields, lawns and other artificially cultivated areas, bare soil, rocks, or 
buildings are near the stream bank.  The presence of “old fields” (i.e., previously 
developed agricultural fields allowed to convert to natural conditions) should rate 
higher than fields in continuous or periodic use. 

 
d. Benthic Macroinvertebrate Laboratory Procedures – See Section A.d for benthic 

macroinvertebrate laboratory procedures. 
 
e. Benthic Macroinvertebrate Data entry/Analysis – Calculating the Coastal Plain 

Macroinvertebrate Index (CPMI) 
 

i. Benthic macroinvertebrate data should be entered into a Microsoft Excel spreadsheet 
or EDAS database to calculate the CPMI for Virginia Coastal Streams for each 
stream reach.  This spreadsheet and EDAS database can be found at the following file 
path:  K:\ENV Scientists\Templates\Reports\Benthics.  

 
ii. Once benthic macroinvertebrate data is entered into spreadsheet, several benthic 

metrics will be automatically calculated, including % Ephemeroptera, Hilsenhoff 
Biotic Index, and % Clingers.  Other metrics including Total Taxa and EPT Taxa will 
have to be manually calculated.  Appendix H defines these four metrics and index. 

 
iii. Once the metrics are calculated, the CPMI numerical score will automatically be 

calculated.  Appendix H describes the calculations for the CPMI.  Use the numeric 
thresholds in Table 4 to determine the CPMI narrative score.     

 
Table 4.  Scoring Thresholds for Determining the Narrative Score for 
the Coastal Plain Macroinvertebrate Index  

NUMERICAL SCORE NARRATIVE SCORE 
24-30 Excellent 
16-22 Good 
6-14 Stress 
0-4 Severe Stress 

 
f. Habitat Data entry/Analysis- See Section A.f. for habitat data entry/analysis procedures.  

 
g. Report – See Section A.g for report procedures. 
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Appendix	A.		Equipment	list	of	field	and	laboratory	supplies	for	conducting	
biological	stream	assessments	using	benthic	macroinvertebrates.	
 
Field	Equipment	
 
1.  D-framed dip net   
2.  Boots (chest waders, hipboots, or knee boots)  
3.  Flagging         
4.  Sieve Bucket, with 500 micron mesh  
5.  5-gallon bucket 
6.  Squirt bottle         
7.  Preservative- 70-90% Isopropanol or Ethanol (2 pints per sample)   
8.  Sample containers, sample container labels (2 per reach)      
9.  Forceps         
10.  Pencils, sharpies        
11.  RBP protocols         
12.  Field datasheets        
13.  First aid kit         
14.  Camera          
15.  Maps 
16.  300’ measuring tape         
 
Laboratory	Equipment	
 
1.  Dissecting microscope 
2.  Forceps        
3.  Preservative- Isopropanol or Ethanol     
4.  Vials/Jars       
5.  Laboratory bench sheets         
6.  Pencils, sharpies        
7.  Taxonomic references         
8.  Gridded Sub-sampling tray         
9.  Magnifier        
10.  500 micron mesh sieve tray 
11.  Random number table or cup 
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HIGH	GRADIENT	FIELD	DATA	SHEET		
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Station ID: Ecoregion: Land Use:

Field Team: Location: Start time:

Site: Latitude: Finish time:

Date: Longitude

pH:

°C Conductivity: uS/cm

mg/L

Good Marginal Poor None

Riffle Banks Vegetation

Current Weather Cloudy Clear Rain/Snow Foggy

Recent Precipitation Clear Showers Rain Storms

Stream Flow Low  Normal Above Normal Flood

Periphyton Salamanders Other….

Filamentous Algae

Submerged Macrophytes 1= Sparse

Beavers

Crayfish Muskrats

Corbicula

unionidae Snakes

Operculate Snails Turtles

Non‐operculate Snails

Score

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  

4. Sediment 
Deposition

Little or no enlargement of 
islands or point bars and <5% 

of the bottom affected by 
sediment deposition.

Some new increase in bar 
formation, mostly from gravel, 
sand, or fine sediment; 5-30% 
of the bottom affected; slight 

deposition in pools.

Moderate deposition of new 
gravel, sand, or fine sediment 

on old and new bars; 30-50% of 
the bottom affected; sediment 

deposits at obstructions, 
constrictions, and bends; 

moderate deposition of pools 
prevalent.

Heavy deposits of fine material, 
increased bar development; 

more than 50% of the bottom 
changing frequently; pools 

almost absent due to 
substantial sediment deposition.

   10   9   8   7   6  

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  

   5   4   3   2   1   0  

2. Embeddedness

Gravel, cobble, and boulder 
particles are 0-25% surrounded 
by fine sediment.  Layering of 
cobble provides diversity of 

niche space.

Gravel, cobble, and boulder 
particles are 25-50% 

surrounded by fine sediment.

Gravel, cobble, and boulder 
particles are 50-75% 

surrounded by fine sediment.

Gravel, cobble, and boulder 
particles are more than 75% 
surrounded by fine sediment.

Velocity/Depth 
Regime

All four velocity/depth regimes 
present (slow-deep, slow-

shallow, fast-deep, fast 
shallow)(slow is <0.3m/s, deep 

is >0.5 m).

Only 3 of the 4 regimes present 
(if fast-shallow is missing, score 

lower than if missing other 
regimes).

Only 2 of the 4 habitat regimes 
present (if fast-shallow or slow-
shallow are missing, score low).

Dominated by 1 velocity/depth 
regime (usually slow-deep).

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6  

High Gradient Habitat Data Sheet
Habitat Parameter Condition Category

Optimal Suboptimal Marginal Poor

   5   4   3   2   1   0  

Coldwater Fish

Emergent Macrophytes 2= Common to Abundant

3= Dominant‐

Ducks/Geese   Abnormally high density where other taxa 

are insignificant in relation to the dominant 

taxa.  There can be situations where multiple 

taxa are dominant such as algae and snails
Frogs/Tadpoles

1. Epifaunal 
Substrate/ Available 

Cover

Greater than 70% of substrate 
favorable for epifaunal 

colonization and fish cover; mix 
of snags, submerged logs, 
undercut banks, cobble, or 
other stable habitat and at 

stage to allow full colonization 
potential (i.e. snags/logs that 

are not new fall and not 
transient).

40-70% mix of stable habitat; 
well suited for full colonization 
potential; adequate habitat for 
maintainance of populations; 

presence of additional substrate 
in the form of newfall, but not 
yet prepared for colonization.

20-40% mix of stable habitat; 
habitat availability less than 

desirable; substrate frequently 
disturbed or removed.

Less than 20% stable habitat; 
lack of habitat is obvious; 

substrate unstable or lacking.

Score   20  19  18  17  16   15  14  13  12  11

Habitats Sampled:

# Jabs:

Weather Observations

Biological Observations

Warmwater Fish 0= Not observed

Method Used: Single Habitat (Riffle) Multi Habitat (Logs, Plants, etc.)

Riffle Quality:

Rootwads/ 

Woody Debris

If NO‐ which parameter(s) failed and action taken:

Benthic Macroinvertebrate Collection

Stream Physiochemical Measurements

Instrument ID number:

Temperature:

Dissolved Oxygen: Did instrument pass all post‐calibration checks?

Benthic Macroinvertebrate and Habitat Field Data Sheet - High Gradient

Survey Reason:

K:\ENV Scientists\Templates\Reports\Benthics\Data Sheets_High Gradient_2013.xlsx



Score

0
Notes:

Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 

10. Riparian 
Vegetative Zone 

Width (score each 
banks riparian zone)

Width of riparian zone >18 
meters; human activities (i.e. 
parking lots, roadbeds, clear-

cuts, lawns, or crops) have not 
impacted zone.

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only minimally.

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal.

Width of riperian zone <6 
meters; little or no riparian 
vegetation due to human 

activities.

70-90% of the streambank 
surfaces covered by native 
vegetation, but one class of 

plants is not well-represented; 
disruption evident but not 
affecting full plant growth 

potential to any great extent; 
more than one-half of the 

potential plant stubble height 
remaining.

50-70% of the streambank 
surfaces covered by vegetation; 
disruption obvious; patches of 
bare soil or closely cropped 

vegetation common; less than 
one-half of the potential plant 

stubble height remaining.

Less than 50% of the 
streambank surfaces covered 

by vegetation; disruption of 
streambank vegetation is very 

high; vegetation has been 
removed to 5 centimeters or 

less in average stubble height.

Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 
Total Score

Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 

Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 

Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 

Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 

9. Vegetation 
Protection (score 

each bank) 

More than 90% of the 
streambank surfaces and 
immediate riparian zone 

covered by native vegetation, 
including trees, understory 

shrubs, or non-woody 
macrophytes; vegetation 

disruption through grazing or 
mowing minimal or not evident; 

almost all plants allowed to 
grow naturally.

8. Bank Stability 
(score each bank) 

Note: Determine left 
or right side by 

facing downstream.

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 

future problems.  <5% of bank 
affected.

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 

reach has areas of erosion.

Moderately unstable; 30-60% of 
bank reach has areas of 

erosion; high erosion potential 
during floods.

Unstable; many eroded areas; 
"raw" areas frequent along 

straight sections and bends; 
obvious bank sloughing; 60-
100% of bank has erosional 

scars.

7. Frequency of 
Riffles

Occurrence of riffles relatively 
frequent; ratio of distance 

between riffles divided by width 
of the stream <7:1 (generally 5 
to 7); variety of habitat is key. In 

streams where riffles are 
continuous, placement of 

boulders or other large, natural 
obstruction is important.

Occurrence of riffles infrequent; 
distance between riffles divided 

by the width of the stream is 
between 7 to 15.

Occasional riffle or bend; bottom 
contours provide some habitat; 

distances between riffles divided 
by the width of the stream is 

between 15 to 25.

Generally all flat water or 
shallow riffles; poor habitat; 

distance between riffles divided 
by the width of the stream is a 

ratio of >25.

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6  

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  

   5   4   3   2   1   0  

6. Channel 
Alteration

Channelization or dredging 
absent or minimal; stream width 

normal pattern.

Some channelization present, 
usually in areas of bridge 

abutments; evidence of past 
channelization, i.e. dredging, 
may be present, but recent 

channelization is not present.

Channeliztion may be extensive; 
embankments or shoring 

structures present on both 
banks; and 40-80%  of stream 

reach channelized and 
disrupted.

Banks shored with gabion or 
cement; over 80% of the 

stream reach channelized and 
disrupted.  Instream habitat 
greatly altered or removed 

entirely.

5. Channel Flow 
status

Water reaches base of both 
lower banks, and minimal 

amount of channel substrate is 
exposed.

Water fills >75% of the availible 
channel; or <25% of channel 

substrate is exposed.

Water fills 25-75% of the 
availible channel, and/or riffle 

substrates are mostly exposed.

Very little water in channel and 
mostly present as standing 

pools.

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6  

Benthic Macroinvertebrate and Habitat Field Data Sheet - High Gradient

Habitat Parameter Condition Category
Optimal Suboptimal Marginal Poor

   5   4   3   2   1   0  
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APPENDIX	C:	
	
	

LOW	GRADIENT	FIELD	DATA	SHEET		
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Station ID: Ecoregion: Land Use:

Field Team: Survey Reason: Start time:

Stream Name: Location: Finish time:

Date: Latitude: Longitude

pH:

°C Conductivity: mS/cm

mg/L

Good Marginal Poor None

Riffle Snags Banks Vegetation

    Total area sampled (sq. m)

Current Weather Cloudy Clear Rain/Snow Foggy

Recent Precipitation Clear Showers Rain Storms

Stream Flow Low  Normal Above Normal Flood

Periphyton Salamanders Other….

Filamentous Algae

Submerged Macrophytes 1= Sparse

Beavers 2= Common to Abundant

Crayfish Muskrats

Corbicula

Unionidae Snakes

Operculate Snails Turtles

Non‐operculate Snails

Notes

Score

Benthic Macroinvertebrate and Habitat Field Data Sheet - Low Gradient

If NO‐ which parameter(s) failed and action taken:

Benthic Macroinvertebrate Collection
Method Used: Single Habitat (Riffle) Multi Habitat (Logs, Plants, etc.)

Stream Physiochemical Measurements
Instrument ID number:

Temperature:

Dissolved Oxygen: Did instrument pass all post‐calibration checks?

Riffle Quality

Habitats Sampled and # Jabs

Weather Observations

Biological Observations

Warmwater Fish 0= Not observed

Coldwater Fish

Emergent Macrophytes

3= Dominant*

Ducks/Geese   *Abnormally high density where other 

taxa are insignificant in relation to the 

dominant taxa.  There can be situations 

where multiple taxa are dominant such 

as algae and snails.
Frogs/Tadpoles

Low Gradient Habitat Data Sheet
Habitat Parameter Condition Category

Optimal Suboptimal Marginal Poor

1. Epifaunal 
Substrate/ Available 

Cover

Greater than 50% of substrate 
favorable for epifaunal 

colonization and fish cover; mix 
of snags, submerged logs, 
undercut banks, cobble, or 
other stable habitat and at 

stage to allow full colonization 
potential (i.e. snags/logs that 

are not new fall and not 
transient).

30-50% mix of stable habitat; 
well suited for full colonization 
potential; adequate habitat for 
maintenance of populations; 

presence of additional substrate 
in the form of newfall, but not 
yet prepared for colonization.

10-30% mix of stable habitat; 
habitat availability less than 

desirable; substrate frequently 
disturbed or removed.

Less than 10% stable 
habitat; lack of habitat is 

obvious; substrate 
unstable or lacking.

Score   20  19  18  17  16  15  14  13  12  11   10   9   8   7   6     5   4   3   2   1   0 

2. Pool Substrate 
Characterization

Mixture of substrate materials, 
with gravel and firm sand 
prevalent; root mats and 
submerged vegetation 

common.

Mixture of soft sand, mud, or 
clay; mud may be dominant; 

some root mats and submerged 
vegetation present.

All mud or clay or sand bottom; 
little or no root mat; no 
submerged vegetation

Hare-pan clay or bedrock; 
no root mat or vegetation

Score   20  19  18  17  16  15  14  13  12  11   10   9   8   7   6     5   4   3   2   1   0 

3. Pool Variability
Even mix of large, shallow, 

large deep, small-shallow, small-
deep pools present.

Majority of pools large-deep; 
very few shallow.

Shallow pools much more 
prevalent than deep pools.

Majority of pools small-
shallow or pools absent.

Score   20  19  18  17  16  15  14  13  12  11   10   9   8   7   6     5   4   3   2   1   0 

4. Sediment 
Deposition

Little or no enlargement or 
islands or point bars and less 

than <20% of the bottom 
affected by sediment 

deposition.

Some new increase in bar 
formation, mostly from gravel, 

sand, or fine sediment; 20-50% 
of the bottom affected; slight 

deposition in pools.

Moderate deposition of new 
gravel, sand, or fine sediment 

on old and new bars; 50-80% of 
the bottom affected; sediment 

deposits at obstructions, 
constrictions, and bends; 

moderate deposition of pools 
prevalent.

Heavy deposits of fine 
material, increased bar 

development; more than 
80% of the bottom 

changing frequently; pools 
almost absent due to 
substantial sediment 

deposition.
Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  
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Score

Benthic Macroinvertebrate and Habitat Field Data Sheet - Low Gradient

Habitat Parameter Condition Category
Optimal Suboptimal Marginal Poor

5. Channel Flow 
Status

Water reaches base of both 
lower banks, and minimal 

amount of channel substrate is 
exposed.

Water fills >75% of the 
available channel; or <25% of 
channel substrate is exposed.

Water fills 25-75% of the 
available channel, and/or riffle 
substrates are mostly exposed.

Very little water in channel 
and mostly present as 

standing pools.

Score   20  19  18  17  16  15  14  13  12  11   10   9   8   7   6     5   4   3   2   1   0 

6. Channel Alteration
Channelization or dredging 

absent or minimal; stream width 
normal pattern.

Some channelization present, 
usually in areas of bridge 

abutments; evidence of past 
channelization, i.e. dredging, 
may be present, but recent 

channelization is not present.

Channelization may be 
extensive; embankments or 

shoring structures present on 
both banks; and 40-80%  of 

stream reach channelized and 
disrupted.

Banks shored with gabion 
or cement; over 80% of 

the stream reach 
channelized and 

disrupted.  Instream 
habitat greatly altered or 

removed entirely.

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  

7. Channel Sinuosity

The bends in the stream 
increase the stream length 3 to 
4 times longer than if it was in a 

straight line.  (Note: Channel 
braiding is considered normal in 

coastal plains and other low-
lying areas.  This parameter is 
not easily rated in these areas).

The bends in the stream 
increase the stream length 1 to 
2 times longer than if it was in a 

straight line.

The bends in the stream 
increase the stream length <1 
times longer than if it was in a 

straight line.

Channel straight; 
waterway has been 

channelized for a long 
distance.

Score   20  19  18  17  16   15  14  13  12  11    10   9   8   7   6     5   4   3   2   1   0  

8. Bank Stability 
(score each bank)

Banks stable; evidence of 
erosion or bank failure absent 
or minimal; little potential for 

future problems.  <5% of bank 
affected.

Moderately stable; infrequent, 
small areas of erosion mostly 
healed over. 5-30% of bank in 

reach has areas of erosion.

Moderately unstable; 30-60% of 
bank reach has areas of 

erosion; high erosion potential 
during floods.

Unstable; many eroded 
areas; "raw" areas 

frequent along straight 
sections and bends; 

obvious bank sloughing; 
60-100% of bank has 

erosional scars.
Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 

Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 

9. Vegetation 
Protection (score 
each bank) Note: 

Determine left or right 
side by facing 
downstream.

More than 90% of the 
streambank surfaces and 
immediate riparian zone 

covered by native vegetation, 
including trees, understory 

shrubs, or non-woody 
macrophytes; vegetation 

disruption through grazing or 
mowing minimal or not evident; 

almost all plants allowed to 
grow naturally.

70-90% of the streambank 
surfaces covered by native 
vegetation, but one class of 

plants is not well-represented; 
disruption evident but not 
affecting full plant growth 

potential to any great extent; 
more than one-half of the 

potential plant stubble height 
remaining.

50-70% of the streambank 
surfaces covered by vegetation; 
disruption obvious; patches of 
bare soil or closely cropped 

vegetation common; less than 
one-half of the potential plant 

stubble height remaining.

Less than 50% of the 
streambank surfaces 

covered by vegetation; 
disruption of streambank 
vegetation is very high; 

vegetation has been 
removed to 5 centimeters 
or less in average stubble 

height.

Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 
Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 

10. Riparian 
Vegetative Zone 

Width (score each 
bank riparian zone)

Width of riparian zone >18 
meters; human activities (i.e. 
parking lots, roadbeds, clear-

cuts, lawns, or crops) have not 
impacted zone.

Width of riparian zone 12-18 
meters; human activities have 
impacted zone only minimally.

Width of riparian zone 6-12 
meters; human activities have 
impacted zone a great deal.

Width of riparian zone <6 
meters; little or no riparian 
vegetation due to human 

activities.

Score Left Bank       10     9     8      7      6    5      4      3   2      1      0 

Notes:

Score Right Bank       10     9     8      7      6    5      4      3   2      1      0 
Total Score
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APPENDIX	D:	
	
	

WSSI	BENTHIC	MACROINVERTEBRATE	BENCH	
SHEET	 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Metretopodidae

Porifera Spongillidae Neoephemeridae Leptoceridae
Ostracoda Unknown Oligoneuridae Limnephilidae
Flatworms Tricladida Psuedironidae Molannidae

Planariidae Polymitarcyidae Odontoceridae
Gastropoda Unknown Potamanthidae Philopotamidae
Limpets Ancylidae Siphlonuridae Phryganeidae
Snails Immature Tricorythidae

Lymnaeidae Zygoptera Psychomyiidae
Physidae Calopterygidae Ryacophilidae
Planorbidae Coenagrionidae Sericostomatidae
Hydrobiidae Lestidae Uenoidae
Pleuroceridae Protoneuridae Lepidoptera
Viviparidae Anisopteera Early Instar and/or damaged Pyralidae

Bivalvia Immature Aeshnidae Coleoptera
Corbiculidae Cordulegastridae Chrysomelidae
Sphaeriidae Corduliidae Curculionidae
Unionidae Gomphidae Dryopidae

Oligochaeta Unknown Libellulidae Dytiscidae
Lumbriculida Macromiidae Elmidae

Lumbriculidae Petaluridae Gyrinidae
Tubificida Cordullidae/Libelluidae Haliplidae

Enchytraeidae Plecoptera Helodidae
Naididae Capniidae Helophoridae
Tubificidae Chloroperlidae Hydraenidae

Haplotaxida Leuctridae Hydrochidae
Haplotaxidae Nemouridae Hydrophilidae

Leeches Hirudinea Peltoperlidae Limnichidae
Erpobdellidae Perlidae Noteridae
Glossiphoniidae Perlodidae Psephenidae
Hirudinidae Pteronarcyidae Ptilodactylidae
Pisciolidae Taeniopeterygidae Scirtidae

Branchiobdellida Branchiobdellidae Hemiptera Diptera
Copepoda Unknown Belostomatidae Athericidae
Decapoda Cambaridae Corixidae Blephariceridae

Portunidae Gelastocoridae Canaceidae
Shrimp Gerridae Ceratopogonidae

Palaemonidae Hebridae Choaboridae
Isopoda Hydrometridae Chironomidae

Asellidae Mesoveliidae Culicidae
Amphipoda Naucoridae Dixidae

Crangonyctidae Nepidae Dolichopodidae
Gammaridae Notonectidae Epididae
Talitridae Veliidae Ephydridae

Water Mites Pleidae Muscidae
Hydracarina Neuroptera

Ephemeroptera Sisyridae
Megaloptera Psychodidae

Ameletidae Corydalidae Ptychopteridae
Baetidae Sialidae Sciomyzidae
Baetiscidae Trichoptera Simuliidae
Behningiidae Branchycentridae Stratiomyidae
Caenidae Calamoceratidae Syrphidae
Ephemerellidae Glossosomatidae Tabanidae
Ephemeridae Goeridae Tanyderidae
Heptageniidae Heliicopsychidae Thaumaleidae
Isonychiidae Hydropsychidae Tipulidae
Leptophlebiidae Hydroptilida 0

TOTAL: 0 TOTAL: 0 TOTAL:

WSSI BENTHIC MACROINVERTEBRATE BENCH SHEET
Job Name/# Sample subsorted by:

Station ID: Date Subsorted:

Stream Name: # of Grids subsorted

Date Sampled: Total # of subsorted insects: Total # identified:

Sampling Method: Sample Identified by: Date Identified:

Taxa Collected:
Lepidostomatidae

Polycentropodidae
Early Instar and/or damaged

Early Instar and/or damaged

Early Instar and/or damaged

Early Instar and/or damaged

Early Instar and/or damaged Early Instar and/or damaged

Nymphomyiidae
Early Instar and/or damaged Pelecorhynchidae

Acanthometropodidae

Early Instar and/or damaged



(Grid # )

Sample Reduction? Y N

For sample reduction: x =

x =

Sub-sample and Sample Reduction 
(per SOP)

Organisms found in first grid=

If <30 organisms found, continute to table below.
If >30 organisms found, discard 1st grid, enter # of grids for sample reduction and continue 
to table below.

Number of Grids selected for 

Grid 
I.D. #

# of 
Organisms

Grid 
I.D. #

# of 
Organisms

Grid 
I.D. #

# of 
Organisms

Grid 
I.D. #

# of 
Organisms

Total organisms Total Grids

IF  after picking, there are >121 organisms, then return picked sample to 15-30 grid tray and remove 
grids (per SOP) to reduce sample to 121 organisms or less.  Record data below.

Total # of organisms retained= 

(# of grids from 
original sample (A)

(% of grids retained) (final corrected # of grids from 
original sample)

Grids removed to reduce sample to 121 organisms fewer= 

  Percentage of grids retained for sample (to total grids) =
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TAXONOMIC	REFERENCES	FOR	BENTHIC	
MACROINVERTEBRATE	IDENTIFICATION 
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Appendix	E.		Taxonomic	references	for	benthic	macroinvertebrate	identification.	
 
General	
 
Merritt, R. W. & K. W. Cummins (eds.). 1996. An introduction to the aquatic insects of 
North America. 3rd ed. Kendall/Hunt Publishing Company, Dubuque, Iowa. 862 pp.  
 
Pennak, R.W. 1978. Fresh-water invertebrates of the United States, 2nd edition. John Wiley 
and Sons, New York. 
 
Peckarsky, B.L., P.R. Fraissinet, M.A. Penton, and D.J. Conklin, Jr. 1990. Freshwater 
Macroinvertebrates of Northeastern North America. Cornell Univ. Press. xii, 442pp. 
 
Chironomidae	
 
Wiederholm, T. (ed.). 1983. Chironomidae of the Holarctic region. - Keys and diagnoses. 
Part 1. Larvae. Entomologica scandinavica Supplement 19:1-457. (Now out of print 
evidently, but possibly available from used book dealers). 
 
Epler, J. H. 2001. Identification manual for the larval Chironomidae (Diptera) of North and 
South Carolina. A guide to the taxonomy of the midges of the southeastern United States, 
including Florida. Special Publication SJ2001-SP13. North Carolina Department of 
Environment and Natural Resources, Raleigh, NC and St. Johns River Water Management 
District, Palatka, FL. 526 pp. (Available as downloadable pdf or printed copy from 
information posted on John Epler's web site 
(http://home.earthlink.net/%7Ejohnepler/indes.html ).  
 
Coffman, W.P. & L.C. Ferrington, Jr. 1996. Chironomidae. Pp. 635-754 in Merritt, R.W. & 
K.W. Cummins (eds.). An introduction to the aquatic insects of North America. 3rd ed. 
Kendall/Hunt Publishing Co., Dubuque, IA. 
 
Oliver, D.R., M.E. Dillon & P.S. Cranston. 1990. A catalog of Nearctic Chironomidae. 
Research Branch Agriculture Can. Pub. 1857/B. 89 pp. 
 
Oliver, D.R. & M.E. Dillon. 1994b. Corrections and additions to “A catalog of Nearctic 
Chironomidae”. Proc. Ent. Soc. Wash. 96: 8-10. 
 
Coleoptera	
 
Arnett, R. H. Jr. and M. C. Thomas. 2001. Editors. American Beetles. Volume 1. 
Archostemata, Myxophaga, Adephaga, Polyphaga: Staphyliniformia. CRC Press, Boca 
Raton, London, New York and Washington, D.C. xv + 443 pp. + 2 colour plates. 
 
Arnett, R. H. Jr. , M. C. Thomas, P.E. Skelly and J.H. Frank. 2002. . Editors. American 
Beetles. Volume 2. Polyphaga: Scarabaeoidea through Curculionoidea. CRC Press, Boca 
Raton, London, New York and Washington, D.C. xv + 861 pp. + 4 colour plates 
 



. 

 2

Brigham, W. U. Aquatic Coleoptera. 1982. pp. 10.14-10.136 in A. R. Brigham, W. U. 
Brigham, & A. Gnika (eds.). Aquatic insects and oligochaetes of North and South Carolina. 
Midwest Aquatic Enterprises. Mahomet, Illinois. 
 
Epler, J. H. 1996. Identification manual for the water beetles of Florida. Bureau of Water 
Resource Protection, Florida Department of Environmental Protection. Tallahassee. 
 
Gordon, R. D. & R. L. Post. 1965. North Dakota water beetles. North Dakota Insects 5:1-53. 
 
Hilsenhoff, W. L. 1992. Dytiscidae and Noteridae of Wisconsin (Coleoptera). I. Introduction, 
key to genera of adults, and distribution, habitat, life cycle, and identification of species of 
Agabetinae, Laccophilinae and Noteridae. Great Lakes Entomologist 25:57-69. 
 
Hilsenhoff, W. L. 1993a. Dytiscidae and Noteridae of Wisconsin (Coleoptera). II. 
Distribution, habitat, life cycle, and identification of Dytiscinae. Great Lakes Entomologist 
26:35-53. 
 
Hilsenhoff, W. L. 1993b. Dytiscidae and Noteridae of Wisconsin (Coleoptera). III. 
Distribution, habitat, life cycle, and identification of Colymbetinae, except Agabini. Great 
Lakes Entomologist 26:121-136. 
 
Hilsenhoff, W. L. 1993c. Dytiscidae and Noteridae of Wisconsin (Coleoptera). IV. 
Distribution, habitat, life cycle, and identification of Agabini (Colymbetinae). Great Lakes 
Entomologist 26:173-197. 
 
Hilsenhoff, W. L. 1994. Dytiscidae and Noteridae of Wisconsin (Coleoptera). V. 
Distribution, habitat, life cycle, and identification of Hydroporinae, except Hydroporus 
Clairville sensu lato. Great Lakes Entomologist 26:275-295. 
 
Hilsenhoff, W. L. 1995. Dytiscidae and Noteridae of Wisconsin (Coleoptera). VI. 
Distribution, habitat, life cycle, and identification of species of Hydroporus Clairville sensu 
lato (Hydroporinae). Great Lakes Entomologist 28:1-23. 
 
Larson, D. J. Y. Alarie, & R. E. Roughley. 2000. Predacious diving beetles (Coleoptera: 
Dytiscidae) of the Nearctic Region, with emphasis on the fauna of Canada and Alaska. NRC 
Press. Ottawa. 982 pp. 
 
Leech, H. B. & H. P. Chandler. 1956. Aquatic Coleoptera. pp. 293-371. in R. L. Usinger 
(ed.). Aquatic insects of California with keys to North American genera and California 
species. University of California Press. Berkeley. 
 
Malcolm, S. E. 1971. The water beetles of Maine: Including the families Gyrinidae, 
Halplidae, Dytiscidae, Noteridae, and Hydrophilidae. University of Maine, Life Sciences and 
Agriculture Experiment Station Technical Bulletin 48. 49 pp. 
 
Roughley, R. E. 2001a. Gyrinidae Latreille, 1810. pp. 133-137 in R. H. Arnett & M. C. 
Thomas (eds.). American beetles Volume 1: Archostemata, Myxophaga, Adelphaga, 
Polyphaga: Staphyliniformia. CRC Press. New York. 
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Roughley, R. E. 2001b. Haliplidae Aubé, 1836. pp.138-143 in R. H. Arnett & M. C. Thomas 
(eds.). American beetles Volume 1: Archostemata, Myxophaga, Adelphaga, Polyphaga: 
Staphyliniformia. CRC Press. New York. 
 
Roughley, R. E. 2001c. Noteridae C. G. Thompson, 1857. pp. 147-152 in R. H. Arnett & M. 
C. Thomas (eds.). American beetles Volume 1: Archostemata, Myxophaga, Adelphaga, 
Polyphaga: Staphyliniformia. CRC Press. New York. 
 
Roughley, R. E. & D. J. Larson. 2001. Dytiscidae Leach, 1815. pp. 156-186 in R. H. Arnett 
& M. C. Thomas (eds.). American beetles Volume 1: Archostemata, Myxophaga, Adelphaga, 
Polyphaga: Staphyliniformia. CRC Press. New York. 
 
Crustacea	
 
Christopher Rogers, 2007.  Manual to the Freshwater Crustacea of Western North America.  
Ecoanalysts. 
 
Trombidiformes (mites): 
Hydrachnidia chapter by Bruce Smith in Peckarsky, B. L., P. Fraissinet, M. A. Penton, and 
D. J. Conklin, Jr. 1990. Freshwater macroinvertebrates of Northeastern North America. 
Cornell University Press, Ithaca, NY. 
 
Smith, Cook and Smith on Arachnida in Thorp, J. H. and A.P. Covich (eds.). 2001. Ecology 
and classification of North American freshwater invertebrates. Second Edition, Academic 
Press, San Diego. 
 
Diptera	
 
Blephariceridae: 
Courtney, G. W. 2000. Revision of the net-winged midges of the genus Blepharicera 
Macquart (Diptera: Blephariceridae) of eastern North America. Memoirs of the 
Entomological Society of Washington 23: 1-99. 
 
Culicidae: 
Darsie, R. F. & R. A. Ward. 2004. Identification and geographical distribution of the 
mosquitoes: of North America, north of Mexico. University Press of Florida, Gainesville, FL. 
400 pp. 
 
Empididae: 
MacDonald, J. F. & J. R. Harkrider. 1999. Differentiation of larvae of Metachela Coquillett 
and Neoplasta Coquillett (Diptera: Empididae: Hemerodromiinae) based on larval rearing, 
external morphology, and ribosomal DNA fragment size. Journal of the North American 
Benthological Society 18: 414-419. 
 
Simuliiidae: 
Adler, P. H., D. C. Currie & D. M. Wood. 2004. The black flies (Simuliidae) of North 
America. Cornell University Press, Ithaca, NY. xv + 941 pp. + 24 color plates. 
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Thaumaleidae: 
Sinclair, B. J. 1996. A review of the Thaumaleidae (Diptera: Culicomorpha) of eastern North 
America, including a redefinition of the genus Androprosopa Mik. Entomologica 
Scandinavica 27: 361-376. 
 
EPT	Taxa	
 
Stoneflies: Nymphs of North America, 2nd ed. Kenneth W Stewart Bill P Stark, Caddis 
Press, Columus OH 2002. 
 
Trichoptera: Larvae of the North American Caddisfly Genera 2nd. Glenn B. Wiggins, U of 
Toronto Press 1996. 
 
"Trichoptera" chapter of The Freshwater Invertebrates of the Malaysian Region, 2004, 
Catherine M. Yule and Hoi Sen Yong (editors), to be published by the Academy of Sciences 
of Malaysia. Candidates. 
 
Lugo-Ortiz, C.R., and W.P. McCafferty.  1998.  A new North American genus of Baetidae 
(Ephemeroptera) and key to Baetis Complex genera.  Entomological News 109(5): 345-353.  
In using this key, change "Labiobaetis" to "Pseudocloeon." 
 
Hirudinea	
 
Davies, R.W. 1971. A key to the freshwater Hirudinoidea of Canada.  J. Fish. Res. Board 
Canada.  28: 543-552. 
 
Klemm, D.J. (ed). 1985a. A guide to the freshwater Annelida (Polychaeta, naidid and 
tubificid Oligochaeta, and Hirudinea) of North America. Kendall/Hunt Publishing Company, 
Dubuque, IA. xiii + 198 pp. [now out of print]  
 
Klemm, D.J. 1995. Identification guide to the freshwater leeches (Annelida: Hirudinea) of 
Florida and other southern states. Florida Department of Environmental Protection, Bureau 
of Surface Water Management, Tallahassee, FL. [This manual is available free, as a pdf 
document that you can download from the Florida Department of Environmental Protection 
website, at:  
< http://www.dep.state.fl.us/labs/cgi-bin/sbio/keys.asp >; you must scroll down to the listing 
for this manual, then click on the entry  “Leeches.pdf”’; do not attempt a download if you are 
using a dial-up internet connection]. [good keys, information, for Floridian spccies that also 
have distributions elsewhere in North America]  
 
Mollusks	
 
Burch, J.B. 1975. Freshwater Unionacean clams (Mollusca:Pelecypoda) of North America. 
Rev. ed., Malacological Pubs., Hamburg, MI, 204 pp + i-xvii. 
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Clarke, A.H. 1981. The freshwater molluscs of Canada. National Museum of Natural 
Sciences/National Museums of Canada. 446 pp. 
 
Walter, W. M. 1954. Mollusks of the Upper Neuse River, North Carolina. PhD dissertation, 
Duke University. 
 
Walter, W. M. 1956. Mollusks of the upper Neuse River Basin, North Carolina. Journal of 
the Elisha Mitchell Scientific Society 72: 262-272. 
 
Odonata	
 
Westfall, M. J., Jr. and M. L. May. 1996. Damselflies of North America. Scientfic 
Publishers, Gainesville, FL. 649 pp. Needham, J. G., M. J., Westfall, Jr., 
 
M. L. May. 2000. Dragonflies of North America. Scientfic Publishers, Gainesville, FL. 939 
pp. 
 
Oligochaeta	
 
Brinkhurst, R.O. 1986. Guide to the freshwater aquatic microdrile oligochaetes of North 
America. Canadian Special Publication of Fisheries and Aquatic Sciences 84. vi + 259 pp. 
[This guide out of print; now superseded by Kathman and Brinkhurst (1998) (citation 
provided below)] 
 
Brinkhurst, R.O., and S.R. Gelder. 2001. Annelida: Oligochaeta, including 
Branchiobdellidae. Pages 431-463, In: J.H. Thorp and A.P. Covich (eds). Ecology and 
classification of North American freshwater invertebrates. Second Edition. Academic Press, 
San Diego, CA.  
 
Brinkhurst, R.O., and B.G.M. Jamieson. 1971. Aquatic Oligochaeta of the world. Univ. 
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Appendix F 

Introduction 

INTRODUCTION 

Scope of Key 
 
Stream benthic macroinvertebrates are small stream-dwelling ani-
mals that do not have  vertebrae and are visible with the naked eye.  
Because different types of benthic macroinvertebrates differ in their 
sensitivity to stream impacts, the composition of the benthic macro-
invertebrate community in a stream can provide information about 
the relative health of the given watershed.   
  
Stream benthic macroinvertebrates are complex in form and func-
tion.  This guide was developed to help simplify benthic macroinver-
tebrate identification, introduce stream benthic macroinvertebrates 
to the regulated public and regulators, and facilitate the use of the 
benthic condition assessment parameter in the future for assessing 
stream impacts in Virginia. 
  
This guide only covers the most common benthic macroinverte-
brates found in Virginia.  Most  groups, or taxa, in this guide are 
keyed to the order level, with emphasis on those that are commonly 
collected in Virginia streams.  Others are keyed to the phylum, 
class or family level.  The taxonomic hierarchy used to classify ani-
mals is as follows:  
 

Kingdom —> Phylum —> Class —> Order —> Family —> 
Genus —> Species 

 
Using the Key 
 
This key is made up of sections called couplets or triplets.  A cou-
plet consists of two character choices, each of which leads you to a 
result.  The result can either be an endpoint, or lead the user to an-
other couplet or triplet.  A triplet is similar to a couplet, but has three 
character choices, all of which can lead to an endpoint or another 
couplet or triplet.  Endpoints are in bold and are the lowest taxo-
nomic level in the key.  Couplets and triplets are in paired and tri-
pled numbers.  The first character choice in a couplet or triplet is a 
number (e.g. 1).  The second choice in a couplet or triplet is a num-
ber with a “prime” symbol attached (e.g. 1’).  In a triplet, the third 
character choice is a number with a double-prime symbol attached 
(e.g. 1”).  Following the number for each choice in a couplet is the 
location where the present couplet or triplet originated.  This num-
ber is in parentheses.  Additionally, a glossary of terms is provided 
on page 188. 
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HOW TO READ A COUPLET 

If the organism is identified by this half [6 (3”)] of couplet 6, then 
the organism is an adult beetle, order Coleoptera  

Endpoint  
(in bold) 

Figure for  
first half of  
couplet 6. Character  

description on 
figure. 

Description 
of taxa 
described 
by endpoint 

Figure heading  
or first half  
of couplet 6. 

If the organism is identified by this half 
[6’ (3”)], then proceed to couplet 7. 

Figure heading for  
second half of 
couplet 6. 

Figure for 
second half of 
couplet 6. 

Previous couplet 

Current couplet 

Couplet Instructions 

6 (3”).  Body hard, beetle-like; hardened wingpads meet along 
centerline of back (Fig. 14) 
…………………………..adult beetles, order Coleoptera (in part) 

Figure 14.  Examples of different types of adult beetles (order Coleop-
tera). 

6’ (3”).  Body mostly soft, not beetle-like; wingpads, if present, 
are more soft (Fig. 15)…...………7 

Adult beetles vary considerably in shape; however, the body of all adult 
beetles is very hard.  Beetles are facultative to most forms of environ-
mental stress.  Some species have very narrow environmental require-
ments and are found only in undisturbed areas.  

Figure 15.  Examples of stream macroinvertebrates with non-beetle-like 
bodies. 
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KEY TO COMMON STREAM BENTHIC  
MACROINVERTEBRATES OF VIRGINIA  

(WITHOUT  FIGURES) 
1.  With shell (Fig. 1)………………………………..……...…...................... 2 
1’.  Without shell (Fig. 2)……………………………...………….......……… 3 
 
 
2 (1).  Body enclosed by single shell (Fig. 3) 
……………………….…….……..snails and limpets, class Gastropoda 
2’ (1).  Body enclosed by two hinged shells (Fig. 4) 
...…….…………..……………..……clams and mussels, class Bivalvia 
 
 
3 (1’).  Body contains fewer than six legs (or leg-like appendages), or no 
legs; worm-like (Fig. 5)..…………….…………………………...…………... 4 
3’ (1’).  Body contains more than six legs (Fig. 6)……………................... 5 
3” (1’).  Body contains six legs (Fig. 7)……...class Insecta (in part) ……. 6 
 
 
4 (3).  Body unsegmented, flattened; eyespots usually present. (Fig. 8)
…………………………………...…………flatworms, class Turbellaria 
4’ (3).  Body segmented; no distinct head or appendages  
(Fig. 9)……………..……………....…aquatic worms, phylum Annelida 
4” (3).  Body segmented, with a head (may be retracted  
in body); most have leg-like appendages (pro-legs) (Fig. 10) 
……………….……...…true flies (larvae), class Insecta, order Diptera 
 
 
5 (3’).  Body with large carapace and pair of pincer-like  
appendages (Fig. 11)….……………....…crayfish, family Cambaridae 
5’ (3’).  Body without large carapace and pair of pincer-like appendages; 
flattened from top to bottom (Fig. 12) 
………………………………...………aquatic sowbugs, order Isopoda 
5” (3’).  Body without large carapace and pair of pincer-like appendages; 
flattened from side to side  (Fig.13)……...…scuds, order Amphipoda 
 
 
6 (3”).  Body hard, beetle-like; hardened wingpads meet along centerline 
of back (Fig. 14)………..….adult beetles, order Coleoptera (in part) 
6’ (3”).  Body mostly soft, not beetle-like; wingpads, if present, are more 
soft (Fig. 15)…...……………………………………..……………...………… 7 
 
 
7 (6’).  Head with rostrum ; first pair of legs may be larger than the rest 
(Fig. 16)………...…………………………true bugs, order Hemiptera 
7’ (6’).  Head without rostrum; lower jaw of head with grasping append-
age (Fig. 17)……………dragonflies and damselflies, order Odonata  
7” (6’).  Head not as above (Fig. 18)………………….…………………….. 8 
 

Continue on next page   

Key to Common Benthic Macroinvertabrates 



6

Appendix F   

 
 
 
8 (7”).  End of body with two long tails (cerci) and no hooks; no gills on 
abdomen (Fig. 19)…………………………..stoneflies, order Plecoptera  
8’ (7”).  End of body with three (sometimes two) long tails (cerci) and no 
hooks; gills present on sides of abdomen  
(Fig. 20)…………….………...……….mayflies, order Ephemeroptera 
8” (7”).  End of body with hooks; if without hooks, then body ends in one 
slender filament or several short appendages or body flat and plate-
like; larvae may make constructed case or net (Fig.20)…….…...…...9 
 
 
9 (8”).  End of body with pair of hooks; most construct a case of various 
material including silk, sand, pebbles, or plant material, few are free 
living  
(Fig. 21)……………………….…..caddisflies, order Trichoptera  
 9’ (8”).  End of body with 2 pairs of hooks, each on a pro-leg, or end of 
body with a single slender filament; conspicuous filaments on sides of 
abdomen  
(Fig. 22); large opposing jaws 
………………..fishflies, dobsonflies, and alderflies, order Megaloptera 
 9” (8”).  End of body without pair of hooks, slender filament, or con-
spicuous filaments on sides of abdomen (except in whirligig beetle lar-
vae, which have a pair of hooks on end of abdomen on a single pro-leg 
and filaments on sides of abdomen); body may be flat and plate-like 
(Fig. 23) ……………...………….……..larval beetles, order Coleoptera 

Key to Common Benthic Macroinvertabrates 
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Key to Common Benthic Macroinvertabrates 

1.  With shell (Fig. 1)………………………………..……...……...... 2 

1’.  Without shell (Fig. 2)……………………………...…......……… 3 

 

FIGURE 1:Examples of stream benthic macroinvertebrates with shells.  

 

FIGURE 2:  Examples of stream benthic macroinvertebrates without shells. 

KEY TO COMMON STREAM BENTHIC  
MACROINVERTEBRATES OF VIRGINIA  

(WITH FIGURES) 
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Key to Common Benthic Macroinvertabrates 

2 (1).  Body enclosed by single shell (Fig. 3) 
…………………….……..snails and limpets, class Gastropoda 

 
FIGURE 3:  Examples of different types of snails (class Gastropoda). 

2’ (1).  Body enclosed by two hinged shells (Fig. 4) 
...…….…………..…….……clams and mussels, class Bivalvia 

 
FIGURE 4:  Examples of different types of bivalve (class Bivalvia). 

Gastropods are freshwater macroinvertebrates consisting of a sin-
gle shell, with a soft body inside. In most types, the shell is coiled, 
with the exception of the limpets, which have a flat cone-shaped 
shell with no coiling.  Gastropods range from environmental stress 
tolerant to stress sensitive, depending on type. 

Bivalves are freshwater macroinvertebrates consisting of two shells, 
with a soft body inside.  Clams have somewhat rounded shells.  
Mussels have more oval-shaped shells.  Clams are generally toler-
ant to environmental stress, whereas mussels are generally sensi-
tive to environmental stress. 
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Key to Common Benthic Macroinvertabrates 

3 (1’).  Body contains fewer than six legs (or leg-like appendages), 
or no legs; worm-like (Fig. 5) ………....…………….……………… 4 

FIGURE 5:  Examples of  worm-like stream macroinvertebrates 
with fewer than six legs, or no legs. 

 
 3’ (1’).  Body contains more than six legs (Fig. 6)……….…..... 5 

 
FIGURE 6:  Examples of stream macroinvertebrates with more 
than six legs. 

3” (1’).  Body contains six legs (Fig. 7) 
……………………………………..….class Insecta (in part), ….. 6 

FIGURE 7:  Examples of stream macroinvertebrates with six legs. 
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Key to Common Benthic Macroinvertabrates 

4 (3).  Body unsegmented, flattened; eyespots usually present.  
(Fig. 8)………………….…………flatworms, class Turbellaria 

FIGURE 8:  Example of a flatworm (class Turbellaria) 

Flatworms are freshwater benthic macroinvertebrate worms that are 
unsegmented and flattened from top to bottom.  Most are dark 
shades of gray, brown, or black.  Most common kinds of flatworms 
are somewhat tolerant to environmental stress. 

4’ (3).  Body segmented; no distinct head or appendages  
(Fig. 9)…………………...…….…aquatic worms, phylum Annelida 

FIGURE 9:  Examples of annelids (phylum Annelida). 

Annelids are freshwater benthic macroinvertebrate worms that are 
segmented, cylindrical or flattened, and elongate.  Leeches 
(subclass Hirudinea) have a sucker on the front and the rear.  Oli-
gochaetes (subclass Oligochaeta) lack any suckers.  Oligochaetes 

4” (3).  Body segmented, with a head (may be retracted  
in body); most have leg-like appendages (pro-legs) (Fig. 10) 
……………….…true flies (larvae), class Insecta, order Diptera 

FIGURE 10:  Example of dipteran larvae (class Diptera) 
Dipteran larvae are worm-like freshwater benthic macroinvertebrate 
insects that are segmented, have a distinct head, and most have 
several fleshy appendages.  A few types are very tolerant to envi-
ronmental stress. 
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Key to Common Benthic Macroinvertabrates 

 
 5 (3’).  Body with large carapace and pair of pincer-like  
appendages (Fig. 11)….………..…crayfish, family Cambaridae 

FIGURE 11:  Example of a crayfish (family Cambaridae) 
Crayfish are crustaceans with a large carapace and a pair of large 
pincer-like appendages.  They are facultative  to most forms of en-
vironmental stress. 

5’ (3’).  Body without large carapace and pair of pincer-like ap-
pendages; flattened from top to bottom (Fig. 12) 
………………………..………aquatic sowbugs, order Isopoda 

FIGURE 12:  Example of an isopod  (family Asellidae) 

Isopods are crustaceans that are flattened from top to bottom.  
They are common in leaf-packs and in small-order streams.  Aselli-
dae is the only family of isopods in Virginia streams.  Most types of 
aquatic isopods are tolerant to environmental stress. 

5” (3’).  Body without large carapace and pair of pincer-like ap-
pendages; flattened from side to side  (Fig.13) 
……………………………….………….scuds, order Amphipoda 

FIGURE 13:  Example of scud (order Amphipoda) 
Scuds are crustaceans that are flattened from side to side and 
shrimp-like in appearance.  They are common in leaf-packs and in 
small-order streams.  Scuds are facultative to most forms of envi-
ronmental stress. 
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Key to Common Benthic Macroinvertabrates  

6 (3”).  Body hard, beetle-like; hardened wingpads meet along 
centerline of back (Fig. 14) 
…………………………..adult beetles, order Coleoptera (in part) 

FIGURE 14:  Examples of different types of adult beetles (order 
Coleoptera). 

6’ (3”).  Body mostly soft, not beetle-like; wingpads, if present, 
are more soft (Fig. 15)…...………7 

Adult beetles vary considerably in shape; however, the body of all 
adult beetles is very hard.  Beetles are facultative to most forms of 
environmental stress.  Some species have very narrow environ-
mental requirements and are found only in undisturbed areas.  

FIGURE 15:  Examples of stream macroinvertebrates with non-
beetle-like bodies. 
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 7 (6’).  Head with rostrum ; first pair of legs may be larger than 
the rest (Fig. 16)………...…………true bugs, order Hemiptera 

FIGURE 16:  Examples of different types of hemipterans  
(order Hemiptera). 

Hemipterans are considered true bugs, with piercing-sucking 
mouthparts.  Several types have an enlarged first pair of legs.  
Since hemipterans do not depend on dissolved oxygen for respira-
tion, some types can be found in very polluted environments. 

7’ (6’).  Head without rostrum; lower jaw of head with retractable 
grasping appendage (Fig. 17) 
………….…………dragonflies and damselflies, order Odonata  

FIGURE 17:  Examples of dragonflies and damselflies 
(order odonata), and grasping appendage. 

7” (6’).  Head not as above (Fig. 18)……………………………..8 

Odonates are distinguished by the grasping appendage on the un-
derside of their head.  Dragonflies are genderally larger and more 
stout than damselflies.  Additionally, damselflies have three flat, 
elongate paddle-like gills on the end of their body. 

FIGURE 18:  Stream macroinvertebrates without a grasping ap-
pendage and with non-piercing-sucking mouthparts. 
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Key to Common Benthic Macroinvertabrates 

8 (7”).  End of body with two long tails (cerci) and no hooks; no 
gills on abdomen (Fig. 19)…..stoneflies, order Plecoptera  

FIGURE 19:  Examples of different types of stoneflies (order Plecoptera). 

Stoneflies can be distinguished from other aquatic insects by their 
long thin antennae, which project in front of the head.  They have 
two (never three) long filament-like tails on the end of their body.  
Additionally, many have gills on the underside of the thorax.  Gills 
are never present on the abdomen. Stoneflies are the most pollu-
tion sensitive order in all of the aquatic insects. 

8’ (7”).  End of body with three (sometimes two) long tails 
(cerci) and no hooks; gills present on sides of abdomen  
(Fig. 20)…………….………….mayflies, order Ephemeroptera 

FIGURE 20:  Examples of different types of mayflies (order Ephemeroptera). 

Most mayflies are distinguished by having three filament-like tails 
on the end of their body.  Gills are located laterally on the abdomen.  
Most species of mayflies are very sensitive to environmental stress. 

 FIGURE 21:  Stream macroinvertebrates with bodies that end in 
hooks, a single filament, or several short appendages; some make 
constructed case or net. 

8” (7”).  End of body with hooks; if without hooks, then body ends 
in one slender filament or several short appendages or body flat 
and plate-like; larvae may make constructed case or net  
(Fig. 20)…………………………………...………….…..…………... 9 
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Key to Common Benthic Macroinvertabrates 

9 (8”).  End of body with pair of hooks; most construct a case 
of various material including silk, sand, pebbles, or plant mate-
rial, few are free living (Fig. 21) 
………………..…………………..caddisflies, order Trichoptera  

FIGURE 22:  Examples of different types of caddisflies (order 
Trichoptera). 

Caddisflies are distinguished by having a pair of pro-legs at the end 
of their body, each with a single hook.  Most have filament or 
branched gills on their abdomen.  Many caddisflies construct a case 
or net out of various materials including silk, sand, pebbles, or plant 
material.  Most species of caddisflies are very sensitive to environ-
mental stress. 

 9’ (8”).  End of body with 2 pairs of hooks, each on a pro-leg, 
or end of body with a single slender filament; conspicuous fila-
ments on sides of abdomen (Fig. 22); large opposing jaws 
…… fishflies, dobsonflies, and alderflies, order Megaloptera 

FIGURE 23:  Examples of different types of megalopterans 
(order Megaloptera). 

Most megalopterans are very large relative to other aquatic in-
sect larvae.  They have large opposing jaws and filament-like 
appendages on the sides of their abdomen.  Most have a pair of 
hooks on the end of their body, with the exception to the alder-
flies, which have a single slender filament.  Megalopterans are 
considered facultative to most environmental stress. 
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 9” (8”).  End of body without pair of hooks, slender filament, or 
conspicuous filaments on sides of abdomen (except in whirli-
gig beetle larvae, which have a pair of hooks on end of abdo-
men on a single pro-leg and filaments on sides of abdomen); 
body may be flat and plate-like (Fig. 23)  
………….……………..………..larval beetles, order Coleoptera 

FIGURE 24:  Examples of different types of beetle larvae (order 
 Coleoptera). 

Beetle larvae can be very difficult to distinguish from other aquatic 
insect larvae.  Bodies of water beetle larvae are variable.  Some 
have large sickle-like opposing jaws.  Most do not have conspicu-
ous filaments on the sides of their abdomen or a pair of hooks on 
the end of their body.  Beetles are facultative to most forms of envi-
ronmental stress.  Some species have very narrow environmental 
requirements and are found only in undisturbed areas. 
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Glossary 

GLOSSARY OF TERMS 

1. Abdomen:  The third main division of the body in insects; 
behind the head and the thorax. 

2. Carapace:  Large, shield-like structure covering the front 
end of crayfish. 

3. Cerci:  Long, filament-like appendages extending from the 
abdomen of mayflies and stoneflies. 

4. Crustaceans:  The subphylum of arthropods that includes 
the isopods, scuds, crayfish, and shrimp in streams.   

5. Facultative:  Referring to stream benthic macroinverte-
brates that occur in environments with conditions ranging 
from low to moderate levels of environmental stress. 

6. Lateral:  A feature located on the side of the body or other 
structure. 

7. Pro-legs:  A non-jointed appendage that serves for locomo-
tion or attachment.   

8. Rostrum:  Structure on the head of hemipterans for piercing 
prey. 

9. Segmented:  Referring to distinct body regions or sections 
in annelid worms. 

10. Sensitive:  Usually found in nearly pristine environments; 
quickly eliminated with disturbance. 

11. Tolerant:  Referring to stream benthic macroinvertebrates 
that occur in disturbed environments. 
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INTRODUCTIONINTRODUCTIONINTRODUCTION   

Freshwater mussels and clams are in the Phlyum Mollusca and 
belong to the Class Bivalvia. Within Virginia, there are a wide vari-
ety of freshwater mussel and clam species, many of which are of 
Endangered, Threatened or Special Concern status at the State 
and/or Federal levels.  Invasive freshwater bivalves from two fami-
lies, Corbiculidae and Dreissenidae, also have been found in Vir-
ginia. The Asian clam, Corbicula fluminea, is widespread through-
out Virginia.  The zebra mussel, Dreissena polymorpha, has been 
documented in Virginia, but has not become established.   
 
Freshwater bivalves can be found in permanent waterbodies in Vir-
ginia, but sometimes, can survive in temporary bodies such as in-
termittent streams, vernal pools, and oxbow lakes. However, mus-
sels are not usually found in streams that dry for long periods of 
time.  
 
Freshwater bivalves feed by filtering fine particulate organic matter, 
algae, and bacteria from the water column.  Studies have shown 
that this filtering can improve water quality by removing excess nu-
trients and algae from the water.   
 
Freshwater bivalves, especially mussels were historically much 
more abundant then they currently are.  Factors including harvest-
ing, sedimentation, toxins, and nutrients have lead to much of their 
decline in recent years.  Sedimentation causes the gills of mussels 
to become clogged and they are also sensitive to pollutants such as 
heavy metals and ammonia from agricultural use.   
 
This field guide is intended to assist scientists with the identification 
of freshwater mussels and clams in the field.  It covers most of the 
species found in the Atlantic Slope of Northern Virginia.   
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Shell Morphology 

SHELL MORPHOLOGYSHELL MORPHOLOGYSHELL MORPHOLOGY   
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FRESHWATER MUSSEL LIFE CYCLEFRESHWATER MUSSEL LIFE CYCLEFRESHWATER MUSSEL LIFE CYCLE   

Freshwater Mussel Life Cycle 

Freshwater mussel reproduction begins when male mussels re-
lease sperm into the water column. The female mussels then take 
in the sperm as they filter the water.  Upon fertilization, the female 
remains gravid for several weeks to several months. The larval 
mussels are called glochidia. Once released by the female, many of 
these glochidia must parasitize a fish or salamander host to com-
plete development.  Some species are able to develop without the 
use of a host.  The use of a fish host allows mussels to disperse 
throughout a watershed. 

45 

Identification Guide to Freshwater Mussels and Clams of Virginia  

              Identification  

The paper pondshell is an introduced species, widespread and  
successful throughout central and southern North America, and 
now present in the Northeast region. 
 
The shell is thin, oblong, and inflated. Juveniles, however, are 
greatly compressed. In especially favorable habitat, individuals may 
exceed 100 mm in length and become extremely inflated, almost 
circular in cross section. The Paper Pondshell lacks hinge teeth, 
and the umbos are flush with the hinge line. The periostracum is 
yellowish or greenish with numerous fine green rays. The nacre is 
bluish-white or silvery. 
 
Habitat inlcudes ponds, lakes, and muddy-bottomed pools in rivers 
and streams. 
 
Known fish hosts include Ambloplites rupestris, Aplocheilus linea-
tus, Barbus semifasciolatus, Betta splendens, Brachydonia kerri, 
Colisa lalia, Etheostoma lepidum, Fundulus diaphanous, Gambusia 
affinus, Haplochromis venustus, Hemmigrammus erythrozonus,  
Lepomis cyanellus, Lepomis gibbosus, Lepomis gulosus, Lepomis 
macrochirus, Lepomis marginatus, Lepomis megalotis, Melanotae-
nia maccullochi, Melynnis argenteus, Micropterus salmoides 
Moenkhausia oligolepis, Pangio myers, Perca flavescens, Poecilia 
reticulate, Pomoxis nigromaculatus, Pseudotropheus zebra, Ras-
bora einthovenii, Semotrilus atromaculatus, Trichogaster trichop-
terus, and Xphophorus helleri. Known amphibian hosts include Am-
bystoma tigrinum, Rana catesbeiana, Rana pipens, and Xenopus 
laevis. 
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UTTERBACKIA IMBECILLISUTTERBACKIA IMBECILLISUTTERBACKIA IMBECILLIS   

PAPER PONDSHELL PAPER PONDSHELL PAPER PONDSHELL    
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CLASS BIVALVIACLASS BIVALVIACLASS BIVALVIA---CLAMS AND MUSSELSCLAMS AND MUSSELSCLAMS AND MUSSELS   

1.  Shell asymmetrical, generally oblong (Fig. 1)…………..……...2 

1’.  Shell more or less symmetrical, with lateral teeth on both sides 
of cardinal teeth (Fig. 2)……..……………………………..………...3 

Fig. 1: Example of bivalves with asymmetrical and oblong shape.   

Fig. 2:  Example of bivalve with symmetrical shape and lateral teeth on both 
sides of cardinal teeth.  

Lateral Teeth 

Cardinal  
Teeth 
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The shell is elliptical, somewhat rhomboid, solid, compressed, and thin 
when young, moderately inflated and thick in mature and old individuals. 
Shell length is usually less than 110 mm. Lateral teeth are absent or sug-
gested by a thickened hinge line. The periostracum is yellowish or green-
ish, marked by greenish, often wavy rays; old shells are dark brown or 
black and usually rayless. The nacre is white or bluish-white and iridescent 
around the margins. 
 
Habitat includes slow water of all sizes, and lakes.  Substrate includes silt, 
sand, gravel and mixes. 
 
Known host species include Ambloplites rupestris, Ameiurus melas, Ameiu-
rus natalis, Campostoma anomalum, Cottus cognatus,  Cubea inconstans, 
Etheostoma caeruleum, Etheostoma exile, Etheostoma flabellare, Etheo-
stoma nigrum, Etheostoma olmstedi, Fundulus zebrinus, Ictaluns punc-
tatus, Lepomis cyanellus, Lepomis gibbosus, Lepomis macrochirus, Lota 
lota, Luxilis cornutus, Micropterus dolomica, Micropterus salmoides, Noco-
mis micropogon, Notropis hudsonius, Notropis lundibundis, Oncorhynchus 
mykiss, Perca flavescens, Percina caprodes, Percina maculate, Percina 
phoxocephala, Pimephales notatus, Pimephales promelas, Pomoxis annu-
laris, Pomoxis nigromaculatus, Rhinichthys atratulus, Rhinichthys cartarac-
tae Salvelinus fontinalis, Semotilus atromaculatus, Stizostedion vitreum, 
and Umbra limi.  Known amphibian hosts include Notophthalmus 
vidridescens.  Also, no host required.   
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STROPHITUS UNDULATUS STROPHITUS UNDULATUS STROPHITUS UNDULATUS    

CREEPERCREEPERCREEPER   

• Moderately thick shelled 
• Lacks thickening along antero-ventral margin 
• Kidney shaped 
• Usually small-medium size (< 8 cm) 
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 Identification 

2’ (1).  Shell small (<2.5 cm), resembling a letter D, usually with 
alternating light and dark bands of color (like zebra stripes); live 
speciments with byssal threads on bottom of shell  
(Fig. 4)…..…………. ……Zebra Mussels , Dreissena polymorpha 

2 (1).  Shell with lateral teeth only on one side of pseudo-cardinal 
teeth; shell generally large (> 25 mm) and generally oblong (Fig. 
3)…..…. …………Freshwater Mussels, Family Unionidae (p. 10) 

Lateral 
Teeth 

Pseudo- 
cardinal  
Teeth 

Fig. 3: Example of freshwater mussel showing oblong shape and lateral 
teeth on one side of pseudo-cardinal teeth.   

Freshwater mussels are bivalves with a generally large and oblong 
shape, with lateral teeth only on one side of pseudo-cardinal teeth. 
Their shell is usually thick and strong.  They are somewhat sensi-
tive to facultative to environmental stress.    

Fig. 4: Example of zebra mussel showing byssal threads, characteristic 
zebra stripes and D-shape.  

Byssal 
Threads 

Zebra mussels are small bivalves with a characteristic D-shape and 
zebra striped pattern.  Live specimens have byssal threads on the 
bottom of the shell for attachment. Zebra mussels are exotic and 
were recently documented in Virginia.  They area facultative to en-
vironmental stress.  
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Identification  

3 (1’) .  Shell large (25-50 mm) with prominent growth rings; lateral 
teeth serrated (Fig. 5)...……...Asian Clams, Corbicula fluminea 

3’ (1’).  Shell small (<25 mm), thin and fragile, with less prominent 
growth rings (Fig. 6)……...Fingernail Clams, Family Pisidiidae, 4 

Lateral Teeth 
Serrated 

Prominent Growth Rings 

Fig. 5: Example of Asian clam showing prominent growth rings and ser-
rated lateral teeth.   

Fig. 6:  Example of fingernail clam showing thin and fragile shell and less 
prominent growth rings.  

Less Prominent Growth Rings 

Asian clams are symmetrical-shaped bivalves with prominent 
growth rings that are conspicuously raised from the shell.  Their 
lateral teeth are serrated.  Asian clams are native to southeastern 
asia and were introduced to the U.S. in the 1930s.  They are some-
what sensitive to facultative to environmental stress.  

Fingernail clams are small, more or less symmetrical-shaped bi-
valves with growth rings that are not conspicuously raised from the 
shell.  Their lateral teeth are not serrated.  They are facultative to 
somewhat tolerant to environmental stress.  
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Shell shape is ovate, subelliptical and elongate, shells of juveniles 
not very inflated but much more inflated in adult shells, shells are 
uniformly thin, often with a low post dorsal wing; shell length 135 
mm. The Eastern Floater has no hinge teeth or any indication of 
swellings in this area. Periostracum is light to dark green, rarely 
becoming brownish or black, often quite brightly colored, with con-
centric light and dark bands and with dark green rays most distinct 
on the disc of the shell, broad green rays on the posterior slope are 
often well developed, giving the area a much darker color.  Nacre is 
bluish-white. 
 
Habitat includes slow and standing water, including oxbows and 
sloughs.  Substrate includes fine sand, mud, and even silt.   
Known host fish include Ambloplites rupestris, Catostomus com-
mersoni, Cyprinus carpio, Gasterosteus aculeatus, Lepomis gibbo-
sus, Lepomis macrochirus, and Perca flavescens. 
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PYGANODON CATARACTA PYGANODON CATARACTA PYGANODON CATARACTA    

EASTERN FLOATEREASTERN FLOATEREASTERN FLOATER   

• Thin shelled 
• Lacks thickening along antero-ventral margin 
• Relatively long, straight hinge line 
• Usually medium-large size (< 16 cm) 
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    Identification  

4 (3’).  Beaks posterior to center of shell, usually obviously so; shell 
small (<12 mm) (Fig. 6)...………………………….…...Pisidium sp.  

Fig. 6:  Example of Pisidium showing beak posterior to center of shell.  

4’ (3’).  Beaks near center or slightly anterior; beaks “capped”; shell 
often yellowish and translucent (Fig. 7)………….….Musculium sp.  

Fig. 7:  Example of Musculium showing beak “capped” and at center of shell.  

4’’ (3’).  Beaks near center or slightly anterior; beaks not “capped”; 
shell usually brown or gray (Fig. 8)………….…...….Sphaerium sp.  

Fig. 8:  Example of Sphaerium showing beak not “capped” and at center  
of shell.  

Beak “Capped” 
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FAMILY UNIONIDAEFAMILY UNIONIDAEFAMILY UNIONIDAE   
   

ALASMIDONTA HEDERODONALASMIDONTA HEDERODONALASMIDONTA HEDERODON   
DWARF WEDGEMUSSEL; FE, SEDWARF WEDGEMUSSEL; FE, SEDWARF WEDGEMUSSEL; FE, SE   

• Right valve with TWO lateral teeth 
• Distinctly wedge shaped 
• Inflated, swollen posterior slope 
• Small size (< 5 cm) 
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Shell shape elongated, subelliptical, thin to subsolid and more or 
less compressed, shell length 102 mm. Sexual dimorphism in the 
shells is well marked. The posterior margin of the male shell tapers 
evenly to a blunt point. The ventral margin of the female shell is 
expanded in the postbasal region, becoming a broad rounded 
projection. The posterior ridge is well developed, distinct and an-
gled near the umbo, becoming rounded posteriorly. Periostracum is 
dark olivegreen to brownish and often with faint dark green, straight 
and narrow rays present, especially in juvenile specimens. The rays 
may be completely absent. Nacre is bluish-white, some with salmon 
in the umbo area, iridescent posteriorly. 
 
Habitat includes quiet standing water of estuaries, lakes and ca-
nals, and slow streams.  Substrate includes silt and sand (varies).   
 
No host fish is known for this species.   
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LIGUMIA NASUTALIGUMIA NASUTALIGUMIA NASUTA   

EASTERN PONDMUSSELEASTERN PONDMUSSELEASTERN PONDMUSSEL   

• Postero-ventral margin turns abruptly upward 
• Posterior tip sharp-pointed 
• Usually medium-large size (< 16 cm) 
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             Identification  

The dwarf wedgemussel is the only Atlantic Coast freshwater mus-
sel in North America that has two lateral teeth on the right vavle, but 
on ly one one the left. It is small, and rarely exceeds 1.5 inches in 
length. The shell outline is subrhomboidal or subtrapezoidal, some-
times somewhat elongated. The anterior end is rounded and the 
posterior end is lengthened and angular.   
 
This mussel reproduces sexually. Eggs are carried in the gills of the 
female and fertilized as sperm laden water passes through the gills. 
Glochidia are released in late summer. No fish hosts are known for 
this species, but it is believed that in some locations the host fish 
may be anadromous since dams have eliminated some populations 
of this mussel. The mussels are long term brooders, spawning in 
late summer, becoming gravid in September, and the glochidia ma-
ture in November; Laboratory tests found three host fish that in-
cluded the tesselated darter (Etheostoma olmstedi), Johnnu darter 
(E. nigrum), and mottled sculpin (Cottus bairdi) for glochidial devel-
opment to juvenile stage. The temperature of the water may be a 
trigger for glochidia release and may coincide with fish entering 
head waters to spawn.  The flow rates may also influence releases, 
higher flow rates may aid in supporting glochidia in the water col-
umn.   
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ALASMIDONTA UNDULATAALASMIDONTA UNDULATAALASMIDONTA UNDULATA   

TRIANGLE FLOATERTRIANGLE FLOATERTRIANGLE FLOATER   

• No transverse ridges (raised wrinkles) 
on posterior slope 

• Pseudocardinal teeth large with rough 
surfaces 

• Very inflated, ‘squat’ appearance, lacks 
“roman nose” 

• Small-medium size (< 8 cm) 
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The green floater is a small species, usually less than 55 mm in length. It is 
ovate, trapezoidal or subovate in shape, and unsculptured. The shell is 
rather fragile and thinner posteriorly. The anterior margin is rounded above 
and curved below, while the ventral margin is slightly convex or flattened; 
the posterior margin is sharply rounded or subacute. Beaks are depressed, 
projecting only a little above the hindge line. The color of the shell is highly 
variable. The periostracum varies from pale yellow to brownish-green, and 
is not shiny. Numerous narrow and wide green or blackish rays may be 
visible on the shell surface. Rays are particularly obvious in juveniles. Annili 
are marked by concentric grooves that are darkly pigmented in most speci-
mens, and the shell is somewhat compressed with a smooth posterior 
ridge. Hinge teeth are moderately developed, but very delicate. Pseudocar-
dinal teeth are somewhat elevated; the left valve has two pseudocardinals 
directed anteriorly, and two long, straight, thin lateral teeth. Lateral teeth 
are often narrow and shape, but may be incomplete or indistinct. Nacre is 
white with a bluish iridescent tinge posteriorly, and is thin at the shell mar-
gin. The colors and patterns of the perisostracum often show through the 
nacre. In many specimens, yellow or salmon blotches occur both centrally 
and near the beak cavity. Habitat includes quiet, meandering parts of hy-
drologically stable small rivers and smaller streams, most often in slow 
water or pools and eddies, substrate gravelly or sandy, prefers slower cur-
rents. No known hosts; may not require host fish; direct development has 
been documented. 
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LASMIGONA SUBVIRIDUS LASMIGONA SUBVIRIDUS LASMIGONA SUBVIRIDUS    

GREEN FLOATER; STGREEN FLOATER; STGREEN FLOATER; ST   

• Left valve with small interdental tooth, giving 
appearance of 3 pseudocardinal teeth 

• Laterally compressed, not inflated 
• Usually dark green or brown rays present 
• Small size (< 7 cm) 
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             Identification  

 
The shell shape of the triangle floater is subtriangular to ovate, 
solid, thicker anteriorly than posteriorly, shell is subinflated to in-
flated with maximum inflation at the middle of the shell, maximum 
shell length about 75 mm. Posterior ridge present and usually quite 
distinct. Posterior slope sometimes marked by oblique ridges or 
corrugations. Periostracum is smooth and shiny. Periostracum is 
yellowish, greenish, with broad, green or blackish rays of variable 
width in juvenile specimens, becoming black with age. Nacre color 
is typically white anteriorly, but includes salmon, pink or red, be-
coming iridescent posteriorly. 
 
Habitat includes large creeks and small rivers, sometimes lakes; 
found in both slow and fast-moving water; substrate may vary from 
silt/sand in slow-moving water to gravel/sand in fast water.    
 
Known host fish include Campostoma anomalum, Cottus cognatus; 
Etheostama flobellare, Hypentelium nigricans, Lepomis gibbosus 
Luxilus cornutus, Micropterus salmoides, Notropis rubellus, 
Rhinichthys atratulus, Rhinichthys cataractae, and Semotilus corpo-
ralis 
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ALASMIDONTA VARICOSAALASMIDONTA VARICOSAALASMIDONTA VARICOSA   

BROOK FLOATER; SEBROOK FLOATER; SEBROOK FLOATER; SE   

• Transverse ridges (raised wrinkles) on 
posterior slope 

• Pseudocardinal teeth reduced and elon-
gate with smooth surfaces 

• Moderately inflated, distinctive posterior 
ridge (“roman nose”) 

• Small-medium size (< 8 cm) 

35 

Identification Guide to Freshwater Mussels and Clams of Virginia  

              Identification  

Shells of the Tidewater Mucket are usually relatively small, at times 
nearly 100 mm in length, elliptical to ovate in outline with a thin to 
subsolid, strong, subinflated shell.  Posterior ridge is well developed 
ending in a blunt point about half way up from the base on the pos-
terior margin. The periostracum is slightly shiny to mat. The inter-
dentum is virtually nonexistent in this species.  Periostracum is dull, 
not a bright yellow but grayish, greenish, or brownish olive and the 
rays have a different character. The rays become obscure on the 
posterior slope. Nacre is white to reddish pink. 
 
Habitat includes freshwater tidal rivers, standing coastal ponds in-
cluding oxbows and sloughs, quiet tidal water.  Substrate includes 
silt and mud   
 
Known host fish include Morone americana.  
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LEPTODEA OCHRACEALEPTODEA OCHRACEALEPTODEA OCHRACEA   
TIDEWATER MUCKETTIDEWATER MUCKETTIDEWATER MUCKET   

• Periostracum dull yellow, sometimes with fine 
rays over part or most of shell 

• Nacre usually pinkish to salmon-colored 
• Ventral margin rounded 
• Moderately thin-shelled 
• Inflated appearance 
• Hinge teeth thin and delicate 
• Pseudocardinal teeth located well anterior of 

beak 
• Usually medium-large size (< 16 cm) 
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                Identification  

 
Shell shape of the brook floater is oblong, long rhomboid, thin-
shelled, slightly inflated with the maximum inflation at the posterior 
ridge, maximum length is about 70 mm. Posterior ridge is broad, 
rounded, and inflated. Periostracum is yellowish but more often 
greenish and partly or completely covered with dark greenish rays 
in juveniles, becoming brownish with rays partially obscured to al-
most black in adult specimens. 
 
Habitat includes creeks and small rivers, typically in fast water on a 
substrate of stable gravel or sandy shoals.   
 
Known host fish include Cottus cognatus, Lepomis gibbosus, 
Notemigonus crysoleucas, Noturus insignis, Perca flavescens,  
Rhinichthys atratulus, and Rhinichthys cataractae  
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ANODONTA IMPLICATAANODONTA IMPLICATAANODONTA IMPLICATA   

ALEWIFE FLOATERALEWIFE FLOATERALEWIFE FLOATER   

• Thick shelled 
• Distinct thickening along antero-ventral 

margin 
• Relatively long, straight hinge line 
• Usually medium-large size (< 16 cm) 
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              Identification  

Shell shape of eastern lampmussel is subelliptical to subovate in 
outline, shell valves are thick and solid, shell valves vary from 
hardly inflated to quite inflated, shell length is often greater than 120 
mm. Interdentum is lacking. Periostracum is yellowish or brownish 
green with dark 
green or black rays over the entire surface, rays are not well de-
fined. Nacre color is white, may be tinged with pink or salmon or 
may be completely pink or salmon. 
 
Habitat includes most creeks, rivers and lakes; found in all types of 
flows and a wide variety of substrates but favors coarse sand and 
gravel.   
 
Know fish hosts include Ambloplites rupestris, Lepomis gibbosus, 
Lepomis cyanellus, Lepomis megalotis, Micropterus dolomica ,  
Micropterus salmoides, Morone Americana, Natropis ludibundus , 
Perca flavescens, Pimephales notatus, and Poxomis nigromacula-
tus. 
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LAMPSILIS RADIATA LAMPSILIS RADIATA LAMPSILIS RADIATA    

EASTERN LAMPMUSSEL; SSEASTERN LAMPMUSSEL; SSEASTERN LAMPMUSSEL; SS   

• Periostracum usually yellow to yellowish 
green, with green rays over most of shell 

• Laterally compressed 
• Palmate shaped, distinctly wider posterior to 

umbo 
• Hinge ligament prominent posterior to umbo 
• Relatively heavy-shelled 
• Usually medium-large size (< 16 cm) 
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              Identification  

 
Shell shape of the alewife floater is elliptical, oblong to ovate in out-
line, approaching subcylindrical in cross-section, shell thickness 
rather solid, with a pronounced thickening of the anterior ventral 
margin from about the middle of the shell anterior, inflated, shell 
length reaching about 142 mm. This is a typical Anodonta com-
pletely lacking any indication of pseudocardinal or lateral teeth. 
 
Habitat includes slow, sometimes fast running water, and also quiet 
standing water.  Substrate includes cobble. 
 
Known host fish include Alosa pseudoharengus, Catostomus com-
mersoni, Gasterosteus aculeatus, Lepomis gibbous, and Morone 
Americana. 
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ELLIPTIO COMPLANATAELLIPTIO COMPLANATAELLIPTIO COMPLANATA   

EASTERN ELLIPTIOEASTERN ELLIPTIOEASTERN ELLIPTIO   

• Not elongate, height/length ratio > 0.5 
• Typical shell shape is quadrate or rectangular 
• With or without rays 
• Umbos not prominent, barely above hinge line 
• Usually not inflated or with swollen posterior 

slope 
• Relatively heavy-shelled 
• Nacre distinctly purple in fresh dead speci-

mens, variable otherwise 
• Usually medium-large size (< 16 cm) 
• Highly variable – when in doubt, call it E. com-

planata ??? 

Identification  31 

Identification Guide to Freshwater Mussels and Clams of Virginia  

Shell shape is obovate, shell thickness begins as thin in juveniles 
becoming thicker with age, moderately inflated, shell length 120 
mm. Periostracum is waxy and shiny. Interdentum is narrow but 
obvious compared with Leptodea ochracea.  Periostracum is waxy 
yellow, often with a trace of green in it, rays are either absent or 
restricted to the posterior slope or slightly in front of it. The nacre is 
bluish-white, often tinged with cream or salmon. 
 
Habitat includes small to large rivers with moderate to fast flow, 
especially in riffles. Preferred substrate includes sand and gravel, or 
shifting sands downstream from large boulders. Species of Lamp-
silis favor rivers, but may be found as well in streams and lakes 
where they tolerate a wide range of conditions.  
 
Known fish hosts include Morone americana and Perca flavescens.  

              Identification  
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LAMPSILIS CARIOSA LAMPSILIS CARIOSA LAMPSILIS CARIOSA    

YELLOW LAMPMUSSEL; SSYELLOW LAMPMUSSEL; SSYELLOW LAMPMUSSEL; SS   

• Green rays, if present, thin and mostly 
      confined to posterior half of shell 
• Pseudocardinal teeth on left valve with 
      striations and perpendicular to hinge line 

Identification  19 

Identification Guide to Freshwater Mussels and Clams of Virginia  

 
Shell shape of the eastern elliptio is trapezoidal to rhomboid or 
subelliptical, compressed to inflated, shell thickness varies from thin 
to solid, length 120 mm. The posterior slope is flat. Periostracum is 
yellowish to brown and blackish. Young specimens have indistinct 
greenish rays present. The rays generally disappear in older shells. 
Nacre varies from white, pink, salmon, to various shades of purple. 
 
The eastern elliptio is found in virtually any large pond, lake, 
stream, or river, where it is nearly always the most abundant mus-
sel species. It can be found in all types of substrates. 
 
Known host fish include Perca flavescens, which is the only verified 
host. Other suspected hosts include Fundulus diaphanous, Lepo-
mis cyanellus, Lepomis humilo, Micropterus salmoides, and Po-
moxis annularis. 

 

              Identification  
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ELLIPTIO ANGUSTATAELLIPTIO ANGUSTATAELLIPTIO ANGUSTATA   

CAROLINA LANCECAROLINA LANCECAROLINA LANCE   

• Postero-ventral margin does NOT turn 
abruptly upward 

• Posterior tip bluntly pointed 
• Periostracum usually not yellow or waxy 
• Usually medium-large size (< 14 cm) 
• Difficult to distinguish from E. producta and E. 

fisheriana 

Identification  29 

Identification Guide to Freshwater Mussels and Clams of Virginia  

Shell of plain pocketbook large, round or somewhat quadrate, thin 
to moderately thick (particularly in older individuals), and inflated. 
Anterior end rounded, posterior end bluntly pointed (males) to trun-
cated (females). Dorsal and ventral margins straight to curved. Um-
bos turned forward and elevated above the hinge line. Beak sculp-
ture of four or five elevated ridges. Periostracum smooth, yellow or 
yellowish green, usually with numerous dark green rays of various 
widths. Length to 7 inches (17.8 cm). Pseudocardinal teeth rela-
tively large, elevated, and roughened in young individuals, 
smoother in old specimens; two in the left valve, one in the right. 
Lateral teeth straight to curved, moderate in length, and striated. 
Beak cavity deep. Nacre white or bluish white, occasionally pink or 
salmon, iridescent posteriorly. 
  
Habitat includes small creeks to large rivers in mud, sand, or gravel. 
 
Note that this species is native to the Mississippi River drainage 
and was recently introduced to the Chesapeake Bay.  It is known to 
hybridize with the yellow lampmussel (Lampsilis cariosa) and can 
be difficult to distinguish. 

              Identification  
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LAMPSILIS CARDIUM LAMPSILIS CARDIUM LAMPSILIS CARDIUM    
PLAIN POCKETBOOKPLAIN POCKETBOOKPLAIN POCKETBOOK   

• Green rays usually present, thick and not 
• confined to posterior half of shell 
• Pseudocardinal teeth on left valve without 
      striations and parallel to hinge line 

Identification  21 

Identification Guide to Freshwater Mussels and Clams of Virginia  

 
Shell of Carolina lance is elongate, elliptical to subrhomboid and 
slightly compressed and rather thin, shell length to 140 mm. Poste-
rior ridge is well developed, often double ending slightly below the 
middle of the posterior end of the shell. Periostracum is olive be-
coming nearly black in older specimens. Nacre is a shade of 
purple. 
 
The Carolina lance seems to prefer sand and sandy gravel sub-
strates and is often found at the edge of aquatic vegetation. 

              Identification  
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ELLIPTIO FISHERIANAELLIPTIO FISHERIANAELLIPTIO FISHERIANA   

NORTHERN LANCENORTHERN LANCENORTHERN LANCE   

• Postero-ventral margin does NOT turn 
abruptly upward 

• Posterior tip bluntly pointed 
• Periostracum usually not yellow or waxy 
• Usually medium-large size (< 16 cm) 
• Difficult to distinguish from E. angustata and 

E. producta 

Identification  27 

Identification Guide to Freshwater Mussels and Clams of Virginia  

This elongate freshwater mussel grows to approximately 86 mm 
long. Shells are over twice as long as tall. The periostracum is usu-
ally a waxy, bright yellow over the entire surface in younger indi-
viduals. Older individuals may have a brown discoloration on the 
posterior end of the shell. The nacre may range form salmon to 
white to an iridescent blue. The posterior ridge is distinctly rounded 
and curves dorsally toward the posterior end. Rays are usually 
never present. Brownish growth rests are clearly evident on the 
periostracum. The pallial line and adductor muscle scars are dis-
tinct. The posterior adductor muscle scars are less impressed than 
the anterior adductor muscle scars. The lateral teeth are long - two 
on the left valve and one on the right valve. Two pseudocardinal 
teeth are on each valve. On the left valve, one is before the other 
with the posterior tooth tending to be vestigial. On the right valve, 
the two pseudocardinal teeth are parallel with the more anterior one 
rather vestigial.  
 
This species prefers clean, coarse to medium sized sands as sub-
strate. On occasion, specimens are also found in gravel substrates. 
This species is found in the main channels of drainages down to 
streams as small as a meter across. 

              Identification  
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ELLIPTIO LANCEOLATAELLIPTIO LANCEOLATAELLIPTIO LANCEOLATA   
YELLOW LANCE; FS, SSYELLOW LANCE; FS, SSYELLOW LANCE; FS, SS   

• Postero-ventral margin does NOT turn 
abruptly upward 

• Posterior tip bluntly pointed 
• Periostracum usually waxy yellow 
• Usually small-medium size (< 8 cm) 

Identification  23 

Identification Guide to Freshwater Mussels and Clams of Virginia  

 
The northern lance is similar in appearance to both the Carolina 
lance (E. angustata) and the Atlantic spike (E. producta).  Data in 
Maryland indicates that the Northern lance is found east of the 
Chesapeake Bay, whereas the Atlantic spike is found west of the 
Chesapeake Bay.  However, this does not seem to be the case in 
Virginia.   

              Identification  
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ELLIPTIO PRODUCTAELLIPTIO PRODUCTAELLIPTIO PRODUCTA   

ATLANTIC SPIKEATLANTIC SPIKEATLANTIC SPIKE   

• Postero-ventral margin does NOT turn 
abruptly upward 

• Posterior tip bluntly pointed 
• Periostracum usually not yellow or waxy 
• Usually medium-large size (< 16 cm) 
• Difficult to distinguish from E. angustata and 

E. fisheriana 

Identification  25 

Identification Guide to Freshwater Mussels and Clams of Virginia  

Shell of Atlantic spike elongate, somewhat compressed, solid, with 
a maximum length of nearly 140 mm. Anterior margin is rounded, 
posterior margin roundly pointed with the most posterior point 
slightly above the midline of the shell. Periostracum has fine un-
even incremental growth lines, slightly shiny, dark reddish-brown or 
greenish-brown without rays.  Nacre is a shade of purple. 
 
The atlantic spike is similar in appearance to both the Carolina 
lance (E. angustata) and the Northern lance (E. fisheriana).  Data in 
Maryland indicates that the Northern lance is found east of the 
Chesapeake Bay, whereas the Atlantic spike is found west of the 
Chesapeake Bay.  However, this does not seem to be the case in 
Virginia.  

              Identification  
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Appendix	H.		Definitions	of	Metrics	and	Indices	for	use	in	WSSI	Biological	Stream	
Assessments.			
	
METRICS	
 
EPT Taxa Richness.  EPT Taxa Richness represents the number of taxa from the aquatic insect 
orders Ephemeroptera, Plecoptera, and Trichoptera.  EPT taxa are generally very sensitive to 
pollution.  Total EPT Taxa Richness is expected to be relatively high in undisturbed streams, and 
it is expected to decrease in response to environmental disturbance.   
 
Percent Chironomidae.  The Percent Chironomidae represents the ratio of members of the 
aquatic insect family Chironomidae (non-biting midges) to the total number of individuals in a 
sample.  Because chironomids are generally tolerant to pollution, Percent Chironomidae is 
expected to increase in response to environmental disturbance.   
 
Percent Clingers.  The Percent Clingers represents the percentage of taxa adapted primarily for 
inhabiting flowing water, as in riffles.  Designated clinger taxa were obtained from the DNR 
MBSS master list with designated tolerance values, functional feeding groups, and habitats.  
Percent Clingers is expected to decrease in response to environmental disturbance. 
 
Percent Ephemeroptera.  The Percent Ephemeroptera represents the ratio of members of the 
aquatic insect order Ephemeroptera (mayflies) to the total number of individuals in a sample.  
Mayflies are generally very sensitive to pollution, thus Percent Ephemeroptera is expected to 
decrease in response to environmental disturbance.   
 
Percent Plecoptera + Trichoptera (Excluding Hydropsychidae).  The Percent Plecoptera + 
Trichoptera (Excluding Hydropsychidae) represents the ratio of members of the aquatic insect 
orders Plecoptera (stoneflies) and Trichoptera (caddisflies) (excluding the those in the pollution 
tolerant family Hydropsychidae) to the total number of individuals in a sample.  Percent  
Plecoptera + Trichoptera (Excluding Hydropsychidae) is expected to decrease in response to 
environmental disturbance. 
 
Percent Scrapers.  The Percent Scrapers represents the ratio of taxa adapted primarily for 
scraping food from a substrate to the total number of individuals in a sample.  Percent Scrapers is 
expected to increase in response to environmental disturbance.   
 
Percent Top Two Dominant.  The Percent Top Two Dominant is the ratio of the top two most 
abundant taxa in a sample to the total number of individuals in a sample.  Percent Scrapers is 
expected to increase in response to environmental disturbance. 
 
Total Taxa Richness.  Total Taxa Richness represents the total number of taxa in a sample.  Total 
Taxa Richness is expected to be relatively high in undisturbed streams and is expected to 
decrease in response to environmental disturbance.   
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INDICES	
 
Hilsenhoff Biotic Index.  The Hilsenhoff Biotic Index is the abundance-weighted average 
tolerance of assemblage of organisms (Family taxonomic level).   
 
Stream Condition Index.  The Stream Condition Index takes the weighted average of Percent 
Ephemeroptera, Percent Plecoptera + Trichoptera (Excluding Hydropsychidae), Percent 
Scrapers, Percent Chironomidae, Total Taxa, EPT Taxa, and Percent Top Two Dominant.  The 
weighting is as follows: 
 
Total Taxa:  Score = 100 x (X/22), where X = Metric Value 
EPT Taxa:  Score = 100 x (X/11), where X = Metric Value 
% Ephemeroptera:  Score = 100 x (X/61.3), where X = Metric Value 
% Plecoptera + Trichoptera less Hydropsychidae:  Score = 100 x (X/35.6), where X = Metric Value 
% Scrapers:  Score = 100 x (X/51.6), where X = Metric Value 
% Chironomidae:  Score = 100 x [(100-X) (100-0)], where X = Metric Value 
% Top 2 Dominant:  Score = 100 x [(100-X) (100-30.8)], where X = Metric Value 
Hilsenhoff Biotic Index:  Score = 100 x [(100-X) (100-3.2)], where X = Metric Value 
 
The scoring thresholds are as follows:   
 
NUMERICAL SCORE NARRATIVE SCORE 
  
<42    Severe Stress 
43-59    Stress 
60-72    Good 
>73    Excellent 
 
Coastal Plain Macroinvertebrate Index 
The CPMI is calculated by adding the weighted scores of Total Taxa, EPT Taxa,  
% Ephemeroptera, % Clingers, and HBI.  The weighting and scoring thresholds are as follows:   
 
 

Metric Scoring Criteria  
Metric  6 4 2 0 

1. Total Taxa  >17  12-17  6-11  <6  
2. EPT Taxa  >6  5-6  3-4  <3  
3. % Ephemeroptera >24% 16-24%  8-15% <8%  
4. HBI  <5.7  5.7-6.4  6.5-

7.2  
>7.2  

5. % Clingers  >26% 18-26%  9-17% <9%  

 
 
NUMERICAL SCORE NARRATIVE SCORE 
  
24-30    Severe Stress 
16-22    Stress 
6-14    Good 
0-4    Excellent 
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Certificates of Training and Certifications of Various WSSI Staff 

  

























































 

 

 

Exhibit 3 

Specifications and Instructions for Using and Calibrating the YSI 556 Multi-Probe 
System (MPS) 

 



SPECIFICATIONS AND INSTRUCTIONS FOR USING AND CALIBRATING THE YSI 
556 PRO PLUS MULTI PROBE SYSTEM (MPS)  

 
 
1.  NOTES 
 

a. Read over and file MSDS for each calibration product, for some products may be 
hazardous to your health.  Please follow precautions and disposal instructions. 

b. When assembling unit, refer to Users Manual for instructions. 
c. When unit is not in use for up to one month, store electrodes in calibration/transport 

sleeve with sponge (supplied) soaked in deionized water to provide a 100% saturated 
air environment.  

d. When unit is not in use for ≥ one month, remove the dissolved oxygen membrane cap, 
thoroughly rinse the sensor, dry, and use a clean, dry new membrane cap to screw over 
the sensor to keep it dry and to protect the anode and cathode. Additionally, store pH 
electrode in the small pH 7 solution bottle to provide a saturated air environment 
(provided by YSI on delivery, with solution already in it).  Then, store all electrodes 
dry in calibration cup or Probe Sensor Guard (See manual for more specific 
instructions). 

e. Replace electrolyte solution in membrane cap every 2-8 weeks when being used daily.  
f. When taking water quality readings in the field, always use probe sensor guard to 

protect electrodes. 
g. Conductivity Calibrator solution should be stored between 0 and 30 degrees C. Discard 

unused solution one month after opening. 
h. There are no specifications for pH storage temperature.  Therefore, it can be stored at 

room temperature.  Read label for expiration. 
 
2.  PRODUCT CALIBRATION 
 

a. Dissolved oxygen 
 The YSI offers 3 methods that can be used to calibrate DO; first using air 

calibration in % saturation; second calibrates in mg/L to a solution with a 
known DO concentration (either of these methods will automatically calibrate 
the other); third is a zero calibration (in which you have to perform either the 
% or mg/L calibration following). 

 The following is the % saturation calibration (easiest). 
i. Moisten the sponge in the cal/transport sleeve and loosely screw onto 

probes to provide contact with atmosphere. Make sure the DO and 
temperature sensors are NOT immersed in the water.   

  1.  Press on/off button 
  2.  Use “Cal” hot key then highlight DO, then press Enter 
  4.  Highlight DO%, then press Enter 

5. Verify barometric pressure. Once DO and temperature are stable, highlight 
Accept Calibration and press Enter. The screen will indicate that the 
calibration was accepted.  
 



  
 b. Conductivity 
  1.  Select “Cal” hot key on keypad 
  2.  Using the arrows, highlight “Conductivity”, and press enter 

3.  Pick from the options for calibrating Specific Conductance, Conductivity, or 
Salinity (calibrating one will automatically calibrate the others). Additionally, 
you will have to choose the units you want conductivity displayed in. 

4.  Fill cal/transport cup completely with conductivity solution and gently place 
probes in and tighten to ensure there are no bubbles in solution. 

7. Allow approximately 1 minute for temperature to stabilize  
8. Highlight the Calibration Value and enter the known conductivity of the 

solution into the YSI.  
9. When the readings stabilize, highlight Accept Calibration and press Enter. The 

screen will indicate that the calibration was accepted. Press Enter again 
10. Press escape to return to the calibrate menu 
11. Clean the calibration cup and electrodes with water and dry completely 

 
c. pH 
 1.  Select “Cal” hot key on keypad 

2.  Using the arrows, highlight “pH”, then press Enter. The pH calibration allows 
up to a 6 point calibration. 

3.  Place enough of the buffer solution in the cal/transport cup to cover the pH 
probes and insert probes into cal/transport cup. 

 4.  Once reading is stable, highlight Accept Calibration and press Enter 
 5.  Screen will read Ready for Second Point and the process will repeat.  

6.  Press “Cal” to complete calibration after reaching desired number of buffer 
calibrations or press Esc to cancel the calibration.   

 
  
3. FIELD SETUP AND USE 

 
Remove the unit from storage and replace the cal/transport cup with the guard 

cup. 
 
1. Turn on. The instrument will be in Run mode when powered on. 
 
2. Connect the two ends of the data cable to the probe and instrument. 
 
3. To take readings, insert the probe into the stream, perpendicular to the flow, 

until all the sensors are covered. Keeping the probes submerged; agitate the 
probe gently until the readings stabilize. This releases any air bubbles and 
provides movement if measuring DO. 

 
4. Use the Habitat Assessment Form to record the stabilized values of the water 

chemistry readings (the YSI allows for recording of values singly or 
continuously but it is not employed by WSSI). 



 
5. Turn the instrument off and remove the guard and replace the cal/transport 

cup on the probes. 
 
4. END OF DAY CHECKS 

 
Note:  DO NOT CALIBRATE THE INSTRUMENT TO THE STANDARD 

VALUES DURING POST CALIBRATION CHECKS.  Perform post 
calibration before cleaning up and servicing the sensor.  When performing the 
post calibration of the system, it is extremely important that all calibration 
solutions are at thermal equilibrium.    

 
Dissolved Oxygen 

 
1. Upon returning from the field, allow the instrument to equilibrate to room 

temperature. Once the temperature has stabilized, add a small quantity of fresh 
laboratory grade (or distilled) water into the probe and cap shut.  Carefully 
blot dry any water droplets on the membrane sensor. 

 
3. While the probe is adjusting, obtain the barometric pressure of the laboratory 

and calculate the barometric pressure correction factor. (See “Correction 
Factor for Barometric Pressure”). 

 
4. Once the temperature reading has stabilized (about 10 seconds between 

changing to the tenths place (0.1), calculate the theoretical dissolved oxygen 
value and multiply by the barometric pressure correction factor.  Enter this 
into the saturated (theoretical) end of day dissolved oxygen check on the 
calibration log sheet. (see “How to Calculate Theoretical Dissolved Oxygen 
Values”) 

 
5. Record the dissolved oxygen reading on the probe in the end of day dissolved 

oxygen field on the YSI Multiprobe Calibration and Post Calibration Log. If 
the difference between the two is less than 0.5 mg/L the instrument is in 
calibration.  If the difference between the Saturated DO value and the 
instrument indicates that the instrument is not in calibration, check again the 
next morning to make sure that the temperature was properly equilibrated.  If 
the difference is still greater than 0.5 mg/L the data collected during the 
sampling event is suspect and should be flagged. Additionally, the instrument 
should not be utilized until more extensive cleaning/maintenance is conducted 
and the instrument calibrates well. 

 
Specific Conductance 
 
Note:  Readings are most accurate when they lie within the calibrated range. 
Determine the expected range of values in the field prior to calibration. 
 



1. Rinse the sensors twice with a small portion of the specific conductance 
standard, discarding the rinse each time. 

 
2. Fill calibration cup with fresh standard solution and screw on cal/transport cup 

making sure that there are no bubbles in the cup.   
 
3. Watch the specific conductance readings until they have stabilized. 
 
4.   Record the reading on the YSI Multiprobe Calibration and Post Calibration 

Log. 
 
5. Compare the displayed value to the standard value and calculate the 

difference.  If the difference is less than ±10% of 50,000 µs/cm standard then 
the instrument is in calibration.  If the instrument is not in calibration, check 
again the next morning to make sure that the temperature was properly 
equilibrated.  If the difference is still out specification, the data is suspect and 
should be flagged.  Additionally, the YSI should not be utilized for that 
parameter until it has an extensive cleaning/maintenance.   

 
pH 
 
1. Rinse twice with a small amount of pH 7.0 buffer saved from previous 

calibrations to saturate the sensors.  Discard the buffer after each rinse. 
 
2. Fill cup with Fresh pH 7.0 buffer sufficient to cover the sensor. 
 
3. Allow two minutes for thermal equilibrium.  Record the pH value displayed in 

the YSI Multiprobe Calibration and Post Calibration Log. 
 
4. Discard the 7.0 buffer used to do the end of day check down the drain.  
 
5. Flush the calibration cup and sensors thoroughly twice with laboratory grade 

(or distilled) water. 
 
6. Rinse the cup and sensors twice with a small amount of pH 10.00 or pH 4.00 

buffer. 
 
7. Fill the calibration cup with FRESH pH 10.00 or pH 4.00 buffer to cover the 

sensor and wait for the instrument to equilibrate.  
 
8. Record the pH value displayed in the YSI Multiprobe Calibration and Post 

Calibration Log. 
 
9. Replace the storage cup. 
 



10. Compare the displayed values to the standard values.  If the difference 
between the standard utilized and the value displayed is ± 0.2 units the pH is 
in calibration.  If the difference indicates that the instrument is not in 
calibration, check again the next morning to make sure that the temperature 
was properly equilibrated.  If the difference is still greater than 0.2 units the 
data is suspect and should be flagged.  Additionally, the YSI should not be 
utilized for that parameter until it has an extensive cleaning/maintenance. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



How to Calculate Theoretical Dissolved Oxygen Values (obtained from DEQ standard 
operating procedures) 

 
Proper calibration of Dissolved Oxygen (DO) probes is important to collect accurate data. An easy way to 
see if a probe is calibrated correctly is to compare the probe’s results against the theoretical DO value.  
This DO value is dependent on temperature and barometric pressure.  
 
DO Level Based on Temperature  
The top table on the attached chart allows users to find the DO level based on temperature.  The top and 
side axis of the table corresponds to the temperature that the probe is reporting. The intersection of these 
two axes displays the DO reading. Write this number down to start calculating the theoretical DO level.  
 
Correction Factor for Barometric Pressure  
Barometric pressure measures how much atmosphere is pressing down on a surface.  Weather systems 
and elevation above (or below) sea level can change this value. The bottom table of the attached chart will 
help compensate for these changes in pressure. Dissolved oxygen probes normally show pressure in 
millimeters of mercury (mmHg) or millibars (mBar).   
 
Having a barometer on hand is a good way to get pressure data.  A weather station can also provide this 
information.  Websites such as www.wunderground.com are useful to find nearby stations. Please note 
that most barometers and weather stations report pressure in inches of mercury (inHg).    
 
Note: Using Weather Station Barometric Pressure Readings 
 
Weather stations standardize barometric pressure readings to make it appear as if the station is at sea 
level. To account for this, subtract the barometric pressure reading by 1.01 inHg per 1,000 feet in 
elevation of the weather station.  This final value is known as absolute barometric pressure (ABP).  
 
Example: Find the absolute barometric pressure of a station located 222 feet above sea level that reported 
30.12 inHg.  
 
30.12 inHg – 1.01 inHg  30.12 – 1.01   30.12 – 0.22 = 29.90 inHg ABP 
                   1000/ 222 feet               4.50 
 
Once identifying local pressure, use the bottom table to find the proper correction factor to use.  The 
formulas at the bottom of the chart will help in converting inHg barometric pressure reading into mBar 
(or mmHg) used by the probe. Use this value to find the correction factor to use in the final calculation.  
 
Example: A barometric pressure of 970 millibars you would use a correction factor of 0.96 (second 
column, bottom row).   
 
Theoretical DO Calculation 
 
To find the theoretical DO value, use the following formula.   
 

Theoretical DO = (DO level based on temperature) x (barometric pressure correction factor) 
  
Example: If a probe had a temperature of 18.4 C and the barometric pressure was 970 mBar, the 
theoretical DO value would be 9.00 mg/L (9.37mg/L x 0.96 correction factor



DEQ Dissolved Oxygen Calibration Sheet 
 

Directions- To calculate the theoretical DO saturation level, multiply the O2 concentration value 
(found in the top chart) by the barometric pressure correction factor (bottom chart).   
 

Temp 
in OC 

O2 concentrations in mg/l 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

5 12.75 12.71 12.68 12.65 12.61 12.58 12.55 12.52 12.48 12.45 
6 12.42 12.39 12.36 12.32 12.29 12.26 12.23 12.2 12.17 12.14 
7 12.11 12.08 12.05 12.02 11.99 11.96 11.93 11.9 11.87 11.84 
8 11.81 11.78 11.758 11.72 11.69 11.67 11.64 11.61 11.58 11.55 
9 11.53 11.5 11.47 11.44 11.42 11.39 11.36 11.33 11.31 11.28 
10 11.25 11.23 11.2 11.18 11.15 11.12 11.1 11.07 11.05 11.02 
11 10.99 10.97 10.94 10.92 10.89 10.87 10.84 10.82 10.79 10.77 
12 10.75 10.72 10.7 10.67 10.65 10.63 10.6 10.58 10.55 10.53 
13 10.51 10.48 10.46 10.44 10.41 10.39 10.37 10.35 10.32 10.3 
14 10.28 10.26 10.23 10.21 10.19 10.17 10.15 10.12 10.1 10.08 
15 10.06 10.04 10.02 9.99 9.97 9.95 9.93 9.91 9.89 9.87 
16 9.85 9.83 9.81 9.79 9.76 9.74 9.72 9.7 9.68 9.66 
17 9.64 9.62 9.6 9.58 9.56 9.54 9.53 9.51 9.49 9.47 
18 9.45 9.43 9.41 9.39 9.37 9.35 9.33 9.31 9.3 9.28 
19 9.26 9.24 9.22 9.2 9.19 9.17 9.15 9.13 9.11 9.09 
20 9.08 9.06 9.04 9.02 9.01 8.99 8.97 8.95 8.94 8.92 
21 8.9 8.88 8.87 8.85 8.83 8.82 8.8 8.78 8.76 8.75 
22 8.73 8.71 8.7 8.68 8.66 8.65 8.63 8.62 8.6 8.58 
23 8.57 8.55 8.53 8.52 8.5 8.49 8.47 8.46 8.44 8.42 
24 8.41 8.39 8.38 8.36 8.35 8.33 8.32 8.3 8.28 8.27 
25 8.25 8.24 8.22 8.21 8.19 8.18 8.16 8.15 8.14 8.12 
26 8.11 8.09 8.08 8.06 8.05 8.03 8.02 8 7.99 7.98 
27 7.96 7.95 7.93 7.92 7.9 7.89 7.88 7.86 7.85 7.83 
28 7.82 7.81 7.79 7.78 7.77 7.75 7.74 7.73 7.71 7.7 
29 7.69 7.67 7.66 7.65 7.63 7.62 7.61 7.59 7.58 7.57 
30 7.55 7.54 7.53 7.51 7.5 7.49 7.48 7.46 7.45 7.44 

 
 
 
 
 
 
 
 
 
 
  



Barometric Pressure Correction factor:    
mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) 

Corr. 
Factor 

mmHg 
(mBar) Corr. Factor

775-771 
1.02 

750-746 
0.987 

725-721 
0.953 

700-696 
0.92 (1033-

1028) 
(1000-
995) 

(967-
961) 

(934-
928) 

770-766 
1.014 

745-741 
0.98 

720-716 
0.947 

695-691 
0.914 (1027-

1021) (994-988) (960-
955) 

(927-
921) 

765-761 
1.007 

740-736 
0.973 

715-711 
0.94 

690-686 
0.907 (1020-

1014) (987-981) (954-
948) 

(920-
915) 

760-756 
1 

735-731 
0.967 

710-706 
0.934 

685-681 
0.9 (1013-

1008) (980-975) (947-
941) 

(914-
908) 

755-751 
0.993 

730-726 
0.96 

705-701 
0.927 

680-676 
0.893 (1007-

1001) 
(974-968) (940-

935) 
(907-
901) 

 
Convert inHg into mmHg  mmHg = inHg x 25.4    
Convert inHg into mBar  mBar = inHg x 33.864 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Group ID Probe Model Probe #

Date Time Temp C
B.P. 
(mmHg)

DO 
Reading 
(mg/L)

Theor.  
DO (mg/L)

Cal DO 
(mg/L) pH 4 pH 7 pH 10

Cond 
(umohms)

Membrane 
Changed 

(Y/N) Run ID INIT Comments

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Calibration

Post-Check

Additional Comments: 

Multiprobe Calibration and Post Cal Log
YSI Multiprobe Calibration and Post Calibration Log 
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Draper Aden Associates (DAA) prepared this document (which may include drawings, specifications, reports, studies and attachments) in 
accordance with the agreement between DAA and Mountain Valley Pipeline, LLC. 

 

The standard of care for all professional engineering, environmental and surveying and related services performed or furnished by DAA under this 
Agreement are the care and skill ordinarily used by members of these professions practicing under similar circumstances at the same time and in 

the same locality.  DAA makes no warranties, express or implied, under this Agreement in connection with DAA’s services. 

 
Conclusions presented are based upon a review of available information, the results of our field studies, and/or professional judgment.  To the best 

of our knowledge, information provided by others is true and accurate, unless otherwise noted. 

 
DAA's liability, hereunder, shall be limited to amounts due DAA for services actually rendered, or reimbursable expenses actually incurred. 

  

Any reuse or modification of any of the aforementioned documents (whether hard copies or electronic transmittals) prepared by DAA without 
written verification or adaptation by DAA will be at the sole risk of the individual or entity utilizing said documents and such use is without the 

authorization of DAA.  DAA shall have no legal liability resulting from any and all claims, damages, losses, and expenses, including attorney’s 

fees arising out of the unauthorized reuse or modification of these documents.  Client shall indemnify DAA from any claims arising out of 
unauthorized use or modification of the documents whether hard copy or electronic. 
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5.0 WATER RESOURCES IDENTIFICATION AND TESTING PLAN 

Mountain Valley Pipeline, LLC (Mountain Valley), a joint venture between EQT Midstream 

Partners, LP and affiliates of NextEra Energy, Inc., WGL Holdings, Inc. Vega Energy Partners, 

Ltd., RGC Midstream, LLC, and Con Edison Gas Midstream, LLC, is seeking a Certificate of 

Public Convenience and Necessity from the Federal Energy Regulatory Commission (FERC) 

pursuant to Section 7(c) of the Natural Gas Act authorizing it to construct and operate the proposed 

Mountain Valley Pipeline (MVP) Project located in 17 counties in West Virginia and Virginia. 

Mountain Valley plans to construct an approximately 301-mile, 42-inch-diameter natural gas 

pipeline to provide timely, cost-effective access to the growing demand for natural gas for use by 

local distribution companies, industrial users and power generation facilities in the Mid-Atlantic 

and southeastern markets, as well as potential markets in the Appalachian region. 

The proposed pipeline will extend from the existing Equitrans, L.P. transmission system and other 

natural gas facilities in Wetzel County, West Virginia to Transcontinental Gas Pipe Line Company, 

LLC’s (Transco) Zone 5 compressor station 165 in Pittsylvania County, Virginia. In addition to 

the pipeline, MVP components will include approximately 171,600 horsepower of compression at 

three compressor stations along the route, as well as measurement, regulation, and other ancillary 

facilities required for the safe and reliable operation of the pipeline. The pipeline is designed to 

transport up to 2.0 million dekatherms per day (MMDth/d) of natural gas. Resource Report 1 

provides a complete summary of the MVP project and a general location map of the MVP facilities. 

5.1 Introduction to Water Resources Identification and Testing Plan 

This Water Resources Identification and Testing Plan (Plan) summarizes protocols for identifying 

and assessing water resources in the vicinity of the proposed MVP. Mountain Valley will 

document locations and characteristics of private and public water supplies and offer to conduct 

pre-construction baseline testing. Mountain Valley will address private water supplies located 

within 150 feet, or 500 feet in karst terrain, of a MVP component. Mountain Valley will also 

address public water supplies that are located within three (3) miles downstream of the proposed 

alignment, or within a U.S. Geological Survey (USGS) Hydrologic Unit Code (HUC) HUC-10 

watershed that also contains a MVP component. The latter criterion is considered a conservative 
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approach in terms of maximizing the number of public water supplies to be addressed because the 

HUC 10-unit code applies to an entire watershed, with an average 227 square miles. 

There are negligible risks for impact to a water source from pipeline construction. Out of an 

abundance of caution, Mountain Valley is undertaking this effort to document pre-construction 

(baseline) conditions of privately owned water supply systems, and to address potential concerns 

of public water suppliers to ensure there is no interruption of water service during construction.  

Private water resources identified within 150 feet or 500 feet in karst terrain (Figure 5.1) of a MVP 

component are shown in Figure 5.2 (West Virginia) and Figure 5.3 (Virginia), and summarized 

in Table 5.1. Public water supplies identified within three miles downstream of the alignment, or 

located within a HUC 10 watershed that contains a MVP component, are shown in Figure 5.4 

(West Virginia) and Figure 5.5 (Virginia) and summarized in Table 5.2).   

The owners and operators of the identified water resources will be contacted by Mountain Valley 

(private and public water supplies located in certain areas of the alignment are currently being 

contacted) to confirm the location and characteristics of water resource(s) on the owner’s property 

and to request that Mountain Valley be allowed to conduct pre-construction baseline sampling. 

This Plan discusses the outreach methodology to be followed by Mountain Valley, and the general 

plan for pre-construction baseline testing. 

Field confirmation of water resources has not been completed on some parcels because property 

access permission has not been granted. Therefore, this Plan is subject to change following the 

completion of field environmental investigations. Also, Mountain Valley is currently contacting 

water suppliers to obtain detailed and accurate information on water supply locations and to 

request permission to conduct pre-construction baseline water quality testing (discussed below). 

Mountain Valley will also discuss with the public water supplier the option that Mountain Valley 

will enter into an agreement with the supplier to take specified actions, if needed, to ensure a 

continuous supply of potable water to the supply’s customer base. If a water supply is identified, 

all pertinent information will be gathered to meet the needs for background and baseline testing. 
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5.2 Identifying Water Resources 

5.2.1 Private wells and springs 

Unlike public water supplies, Mountain Valley is not aware of publically available data that can 

be reliably used to identify the location of privately owned water resources. Indirect desktop 

review and direct field observation is required to identify private resources. 

Private wells and springs currently identified within 150 feet of Mountain Valley work areas, and 

within 500 feet in karst terrain (see Figure 5.1) were identified by route alignment civil surveying, 

and through desktop review and field observation (where property access was granted). Where 

necessary, additional desktop review procedures were used to identify private wells and springs, 

as described below.  

As part of the desktop review for karst features for purposes of the water testing plan, an indirect 

method was employed to supplement the civil survey to identify potential private wells. GIS data 

taken from the various counties where karst terrain is present were used to identify if a structure 

was present on the parcel. To maximize the potential for identifying private water resources all 

structures were assumed to have one or more private wells. This methodology was also used to 

identify potential private wells in the non-karst terrain segments of the proposed MVP 

components. As discussed in this Plan, the property owners identified by civil survey, and desktop 

review, along the entire proposed MVP components will be contacted directly to confirm water 

resources on the identified property (including springs). Supplemental information on private wells 

and springs will be provided as it is acquired. 

Private well and spring locations identified as described above, and updated as of the date of this 

Plan, are illustrated on Figure 5.2 (West Virginia) and Figure 5.3 (Virginia). Note that these 

locations are subject to confirmation through direct contact with the property owner. Refer to 

Table 5.1 for a summary listing of private wells and springs identified to date. 

Appendix A provides a list of information requested from the water supply owners during the 

initial contact along with the request for permission to sample the water supply. 
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5.2.2 Public Water Supplies 

Public water suppliers in West Virginia and Virginia were identified from publicly available data 

sources (WVDEP, 2016; VDEQ, 2016). Using GIS data analysis, a public water supply was 

incorporated into this plan for pre-construction baseline sampling if it is located within 3 miles 

downstream of the proposed alignment, or within a USGS HUC-10 watershed that also contains 

one or more MVP component. Specific locations of the water supply sources (wells, springs or 

surface water intakes) will be confirmed through contacts with the public supply owner or operator 

(discussed below). 

Figure 5.4 shows the proposed MVP components, HUC 10 watersheds, and corresponding public 

water supplies in West Virginia.  Figure 5.5 shows these features and public water supply locations 

in Virginia. Refer to Table 5.2 for a summary listing of public water supplies identified to date. 

The public water supply owners will be contacted directly (see below) to confirm the location, 

identities and characteristics of the water resources included in the public supply, and to request 

permission to conduct baseline water quality monitoring. Mountain Valley will also discuss with 

the public suppliers if specific actions are required to ensure a continuous public water supply for 

their customer base.  Public water supply outreach is currently underway (discussed below). 

5.3 Water Resource Owner / Operator Contact  

5.3.1 Private Water Supplies 

GIS data analysis allows Mountain Valley to identify the property owner and contact information 

for those parcels where private water resources are apparently located (see previous discussion on 

identifying private water resources). Mountain Valley will contact the property owners to provide 

a brief description of the Project, provide relevant Mountain Valley contact information, confirm 

whether one or more water resources are present on their property, the nature of the resource(s), 

and to request permission to conduct pre-construction baseline water testing (see below).  

If a private property owner does not respond to the request for information within approximately 

four (4) weeks of submittal by MVP, a second request will be sent. If no response is provided to 

Mountain Valley through the second submittal, no further contacts will be initiated with the 

property owner regarding water resources. 
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See Appendix A for a listing of information requested from the water supply owners at the time of 

contact and request for permission to sample the water supply. 

5.3.2 Public Water Supplies 

Mountain Valley is currently contacting all public water suppliers that were identified within a 

HUC 10 watershed overlain by the proposed MVP components (see Table 5.2, Figure 5.4 and 

Figure 5.5).  Mountain Valley contacted the suppliers by telephone, and offered to meet with the 

suppliers to discuss the Project, specifics on the public water supply system, the supplier’s 

concerns and to discuss whether specific actions are needed by Mountain Valley to ensure a 

continuous supply of potable water (in such cases, a formal agreement would be established 

between the supplier and Mountain Valley). Mountain Valley also offered to conduct pre-

construction water testing, as summarized later in this Plan.  

Public supply contacts by Mountain Valley are summarized in Table 5.2. Mountain Valley is 

following up with the public suppliers that requested additional information and assistance with 

evaluating the Project relative to their water supply(ies) and conducting pre-construction testing. 

The initial contacts to some of the public water suppliers resulted in the supplier requesting no 

further information regarding the Project (Table 5.2). Given the amount of time that has elapsed 

since these initial contacts in 2015, MVP will follow-up with these noted suppliers in 2017 to 

provide a Project update. 

5.4 Pre-construction Baseline Water Resource Testing  

There are negligible risks for impact to a water source from pipeline construction. Nonetheless, 

out of an overabundance of caution, Mountain Valley is undertaking baseline testing of private 

and public water sources in the vicinity of the MVP (as described above).  

The following discussion outlines protocols for pre-construction baseline monitoring activities.  

The results of baseline testing results will be documented by Mountain Valley and provided to the 

landowners.   

1. Mountain Valley plans to conduct two (2) baseline pre-construction water resource testing 

events at each private and public water resource identified in this Plan (final list of sampling 

locations pending completion of the Karst Features Assessment, and property/supply 
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owner contacts). Mountain Valley proposes to collect one sample approximately six (6) 

months before construction, and a second sample within three (3) months prior to 

construction, and conduct a well yield test (protocol described below).  

2. All private property owners with a known or suspected water resource (see earlier 

discussion) will be contacted as discussed below: 

a. Send contact by mail to mailing address listed for the property owner; 

b. If no response is received within approximately 4 weeks of sending the first letter, 

a second follow-up letter will be sent; 

c. If no response is provided by property owner after two (2) attempts this result will 

be documented and Mountain Valley will suspend further contact to the property 

owner regarding water quality testing; 

d. If a property owner declines permission for Mountain Valley to conduct water 

quality testing, this will be documented and Mountain Valley will suspend further 

contact with the property owner regarding water quality testing; 

3. Public water supply owners / operators are currently being contacted by telephone, and a 

follow-up meeting requested. All contacts with the public suppliers will be documented 

regarding supply locations and characteristics, water system characteristics, requests for 

water quality testing, and discussions regarding actions to be completed by Mountain 

Valley to ensure a continuous potable water supply to the customer base.  

4. Property and water supply access approval documentation will be secured by Mountain 

Valley before entering the property. The property / supply owner will be notified prior to 

Mountain Valley entering the property for sampling. See Appendix A for information to 

be collected from the water supply owner during initial and follow-up contact. 

5. A two-person field crew will deploy to collect water samples at the identified locations.  
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6. The sampling location will be marked in the field with a semi-permanent marker and 

labeled. The sampling location coordinates will be collected using GPS (1-meter 

resolution) and recorded. 

7. Field testing, sample collection and sample management techniques will be implemented 

consistent with industry standards and approved guidance (U.S. EPA, West Virginia 

Department of Environmental Protection, and Virginia Department of Environmental 

Quality).  

8. For surface water resources, a decontaminated or new one-time-use sample collection 

device suitable for the surface water resource will be inserted in a flowing portion of the 

spring or stream and the water sample transferred directly to the appropriate sample 

container provided by the laboratory. 

9. A decontaminated field meter will be inserted in a flowing portion of the spring or stream, 

and the field parameters recorded along with date and time.  

10. For water well testing, a water sample will be collected from a flowing spigot (after a 

minimum of 10 minutes purging) upstream of any treatment system (if applicable) in order 

to collect a raw water sample in the appropriate laboratory-prepared sample bottle with 

appropriate preservatives. Field parameters will be analyzed at the time of water sample 

collection.  

a. If the well does not have a pump installed, or does not demonstrate artesian flow, a 

new, disposable one-time use bailer and clean nylon string will be used to collect 

the water sample. There will be limited ability to purge the well bore of water using 

the bailer.  

11. Water samples will be kept cool and transported \ to the analytical laboratory(ies) under 

Chain of Custody. 

12. The target analyte list is comprised of a general water quality analyte suite and pollutant-

specific suite (Table 5.3) The baseline target analyte list includes field parameters, 

coliform bacteria, major elements and water quality parameters. The expanded target 
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analyte list adds a full suite of Volatile Organic Compounds and Semivolatile Organic 

Compounds included in USEPA drinking water testing methods EPA 524.2, EPA 525.2, 

respectively, and Total Petroleum Hydrocarbons buy EPA SW846 8015C. 

a. The first pre-construction sampling event will comprise analysis of the full 

expanded target analyte list (Table 5.3). The second pre-construction sampling 

event will include the baseline water quality (reduced list, Table 5.3) suite, unless 

there is a concern noted by the property owner, or if Mountain Valley observers a 

verified detection of a VOC or SVOC or TPH from the first sampling event.  

b. For public water suppliers, a tailored target analyte list that meets the requirements 

of the public supplier permit, and agreed upon by the public supplier, will be 

incorporated into the pre-construction testing program.  

c. National Environmental Laboratory Accreditation Program (NELAP)-accredited 

laboratories will be utilized for water sample analyses. For samples collected in 

Virginia the laboratories will have current Virginia (V)ELAP accreditation. 

13. Water resources testing activities (including the condition of the water resource and 

equipment) will be photo-documented. All field activities and meter calibration for each 

water resources sampling event will be documented.  

14. The first pre-construction sampling event will provide Mountain Valley with the 

opportunity to evaluate the condition of each well, spring or intake, surrounding 

topography and land characteristics and land-use, and generally assess the overall 

vulnerability of the water supply to existing or future sources of impact. 

15. Mountain Valley will provide the water supply owner with the fist-event laboratory quality 

results. Concurrent with providing the owner these results, Mountain Valley will discuss 

with the owner any conditions that were observed at the water supply that represent 

potential for existing or future sources of impacts.  

16. Unless a concern is observed regarding water quality, the second sampling event will 

incorporate water sample analysis for the baseline target analyte list.  
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17. The second sampling event will also include private well yield testing. The water supply 

owner will be apprised of the well yield testing procedure, and Mountain Valley will 

request permission to access the well for the quantity testing, at the owner’s discretion. See 

Appendix B herein for private well yield testing protocol (PDEP, 2007; PDEP 2009a). 

Note that for public water supplies, the existing documentation of water supply production 

will be used to establish baseline yield and incorporated into the pre-construction testing 

program. 

18. Mountain Valley will consult with a well owner who appears to have a compromised water 

supply based on the first pre-construction sampling event results. Mountain Valley will 

tailor an evaluation protocol for the second round of water quality testing as appropriate to 

evaluate the integrity of the water supply and ensure a comprehensive pre-construction 

assessment is completed.   

5.5 Complaint Resolution Process 

Mountain Valley believes that the potential for impacts to private water supplies and springs is 

negligible.  However, if a claim is made by a water supply owner, then a thorough investigation 

of the alleged impact will follow standard hydrologic investigative processes.  This will include a 

review of the timing of the claim relative to the construction schedule, detailed interview with the 

landowner, mechanical evaluation of the water system, possible resampling and analysis of the 

supply, performance of a hydrogeologic assessment, and other pertinent evaluations.  Because 

each water supply system and hydrogeologic setting is unique, the only means to establish a clear 

link between a water supply quality or quantity issue and Project activities is through a 

comprehensive evaluation. 

If Mountain Valley determines that the impact was related to its pipeline construction, then the 

investigations described above will provide valuable information concerning the appropriate 

remedies.  Restoration of a water supply could include: 

 temporary supplied water until the water quality returns to baseline; 

 connection to secondary on-site sources, if available; and/or  
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 temporary treatment to establish baseline quality (or better). 

If the hydrogeologic assessment indicates that a long term solution is needed, Mountain Valley 

would provide the following as appropriate to restore water quality and quantity to pre-

construction conditions: 

 a permanent treatment system; or 

 a new on-site source (new water well); ora combination of source replacement and 

treatment options.
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0.0 Wetzel West Virginia No MOBLEY IC LOD 533 0 Yes Aerial Digitize 539417 4379323

0.0 Wetzel West Virginia No MOBLEY IC 10 0 Yes Aerial Digitize 539259 4379294

0.0 Wetzel West Virginia No MVP-WE-001 - TWS 695 263 Aerial Digitize 539456 4379376

3.8 Wetzel West Virginia No Pipe Workspace 5 0 Yes WELL - UNKNOWN Holland 539609 4374345

3.8 Wetzel West Virginia No Pipe Workspace 34 0 Yes WELL - WATER Holland 539595 4374337

5.4 Wetzel West Virginia No MVP-WE-013 - TWS 1403 90 Aerial Digitize 540756 4373058

7.6 Wetzel West Virginia No MVP-WE-015 - TWS 2999 139 Houses in this area may have public water Aerial Digitize 540906 4369297

7.6 Wetzel West Virginia No MVP-WE-015 - TWS 3120 104 Houses in this area may have public water Aerial Digitize 540859 4369301

7.6 Wetzel West Virginia No MVP-WE-015 - TWS 3085 142 Houses in this area may have public water Aerial Digitize 540879 4369290

7.9 Wetzel West Virginia No MVP-ATWS-012 251 116 Houses in this area may have public water Aerial Digitize 542017 4369618

11.2 Harrison West Virginia No MVP-ATWS-916 182 140 Aerial Digitize 544596 4366325

12.1 Harrison West Virginia No MVP-HA-019 - PWS 186 87 Aerial Digitize 545196 4365411

13.7 Harrison West Virginia No MVP-HA-020 - TWS 1360 127 Aerial Digitize 544857 4363780

17.7 Harrison West Virginia No MVP-ATWS-025 200 72 Houses in this area may have public water Aerial Digitize 544426 4357968

20.8 Harrison West Virginia No MVP-HA-027 - TWS 377 58 Aerial Digitize 542113 4354788

25.8 Harrison West Virginia No MVP-LY-003 694 0 Yes Houses in this area may have public water Aerial Digitize 541546 4349334

25.8 Harrison West Virginia No Pipe Workspace 42 2 WELL - UNKNOWN Holland 541476 4349070

26.0 Harrison West Virginia No MVP-HA-032 - TWS 1727 28 Houses in this area may have public water Aerial Digitize 541985 4349558

30.8 Harrison West Virginia No MVP-HA-040 - TWS 701 63 Aerial Digitize 538612 4344731

33.9 Doddridge West Virginia No MVP-ATWS-771A 1209 70 Aerial Digitize 538056 4340305

33.9 Doddridge West Virginia No MVP-DO-044 - TWS 1013 43 Aerial Digitize 538097 4340379

34.3 Doddridge West Virginia No MVP-DO-046 - TWS 419 91 Aerial Digitize 538470 4339941

34.4 Doddridge West Virginia No MVP-DO-046 - TWS 209 80 Aerial Digitize 538533 4339911

44.4 Lewis West Virginia No MVP-LE-060 - TWS 895 28 Aerial Digitize 535490 4327563

44.5 Lewis West Virginia No MVP-LE-060 - TWS 973 136 Aerial Digitize 535519 4327482

47.9 Lewis West Virginia No MVP-LE-067 - TWS 337 100 Houses in this area may have public water Aerial Digitize 536262 4322736

51.7 Lewis West Virginia No MVP-LE-070 - TWS 278 35 WELL - WATER Holland 534810 4317966

52.5 Lewis West Virginia No MVP-AP-001 2289 132 Aerial Digitize 534417 4316596

52.6 Lewis West Virginia No Pipe Workspace 143 55 WELL - WATER Holland 535151 4316646

53.0 Lewis West Virginia No Pipe Workspace 203 115 WELL - UNKNOWN Holland 535143 4316155

53.0 Lewis West Virginia No Pipe Workspace 206 119 WELL - UNKNOWN Holland 535142 4316157

53.0 Lewis West Virginia No Pipe Workspace 200 112 WELL - UNKNOWN Holland 535144 4316158

53.0 Lewis West Virginia No Pipe Workspace 207 120 WELL - UNKNOWN Holland 535143 4316159

53.1 Lewis West Virginia No Pipe Workspace 151 114 Aerial Digitize 535260 4316091

54.9 Lewis West Virginia No MVP-LE-073 - TWS 1289 89 Aerial Digitize 534793 4313362

58.9 Lewis West Virginia No MVP-LE-074 - TWS 1635 116 Aerial Digitize 536879 4309088

59.9 Lewis West Virginia No MVP-ATWS-880 1713 75 Aerial Digitize 537336 4308234

59.9 Lewis West Virginia No MVP-LE-076 - PWS 855 23 Aerial Digitize 537185 4308017

59.9 Lewis West Virginia No MVP-LE-076 - TWS 1355 28 Aerial Digitize 537287 4308131

61.9 Lewis West Virginia No MVP-LE-077.01 - TWS 2233 139 WELL - WATER Holland 537677 4304781

68.6 Braxton West Virginia No MVP-ATWS-439 209 125 Aerial Digitize 541304 4297405

69.0 Braxton West Virginia No Pipe Workspace 38 0 Yes WELL - UNKNOWN Holland 540848 4296999

71.9 Braxton West Virginia No MVP-ATWS-109A 502 0 Yes WELL - WATER Holland 541278 4293210

73.5 Braxton West Virginia No Pipe Workspace 50 5 WELL - WATER Holland 541656 4290907

73.7 Braxton West Virginia No Anode Bed TWS 577 60 Aerial Digitize 541693 4290571

73.8 Braxton West Virginia No MVP-BR-100 - TWS 988 0 Yes WELL - WATER Holland 542150 4290744

77.3 Braxton West Virginia No HARRIS CS LOD 267 0 Yes WELL - WATER Holland 543038 4286076

77.9 Braxton West Virginia No MVP-BR-106 - TWS 904 41 Aerial Digitize 543568 4285494

98.8 Webster West Virginia No MVP-ATWS-453 242 131 Aerial Digitize 538955 4259243

104.9 Webster West Virginia No MVP-WB-132 - TWS 107 0 Yes WELL - WATER Holland 537003 4252247

104.9 Webster West Virginia No MVP-WB-132 - TWS 108 0 Yes WELL - WATER Holland 537008 4252250

104.9 Webster West Virginia No MVP-WB-132 - TWS 107 0 Yes WELL - WATER Holland 537005 4252248

106.1 Webster West Virginia No Pipe Workspace 112 74 Houses in this area may have public water Aerial Digitize 535951 4251154

107.0 Webster West Virginia No Anode Bed TWS 264 121 Aerial Digitize 535091 4250292

109.6 Webster West Virginia No MVP-WB-134 - TWS 568 85 Aerial Digitize 534065 4246634

109.9 Nicholas West Virginia No MVP-ATWS-457 219 73 Aerial Digitize 533721 4246256

Table 5.1 (Revised October 20, 2016) - Private wells located within 150 feet (500 feet in karst areas) of MVP Project Components

Distances to Project Components are approximate. Water supply locations to be confirmed through field observation and property owner contact (see Resource Report #2, Appendix 2-E).
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113.8 Nicholas West Virginia No MVP-ATWS-970 209 77 Houses in this area may have public water Aerial Digitize 529445 4243310

113.8 Nicholas West Virginia No Pipe Workspace 146 74 Houses in this area may have public water Aerial Digitize 529416 4243270

113.8 Nicholas West Virginia No Pipe Workspace 217 141 Houses in this area may have public water Aerial Digitize 529383 4243274

114.5 Nicholas West Virginia No MVP-LY-022 45642 26 Aerial Digitize 515446 4246784

114.5 Nicholas West Virginia No MVP-LY-022 45468 132 Aerial Digitize 515511 4246811

114.7 Nicholas West Virginia No Pipe Workspace 109 36 Houses in this area may have public water Aerial Digitize 528839 4242137

115.9 Nicholas West Virginia No MVP-NI-146 - TWS 918 54 Houses in this area may have public water Aerial Digitize 528181 4240474

116.0 Nicholas West Virginia No MVP-NI-146 - TWS 739 27 Houses in this area may have public water Aerial Digitize 528213 4240387

117.0 Nicholas West Virginia No MVP-NI-147 - TWS 1314 82 Aerial Digitize 528702 4238786

119.5 Nicholas West Virginia No MVP-ATWS-221A 1106 93 Houses in this area may have public water Aerial Digitize 526860 4235217

122.0 Nicholas West Virginia No MVP-ATWS-1006 4875 101 Houses in this area may have public water Aerial Digitize 526977 4231043

122.0 Nicholas West Virginia No MVP-ATWS-1007 4981 95 Houses in this area may have public water Aerial Digitize 526944 4230961

122.4 Nicholas West Virginia No MVP-ATWS-600 339 111 Houses in this area may have public water Aerial Digitize 525329 4231696

122.4 Nicholas West Virginia No Anode Bed TWS 499 142 Houses in this area may have public water Aerial Digitize 525540 4231534

122.4 Nicholas West Virginia No Anode Bed TWS 419 105 Houses in this area may have public water Aerial Digitize 525548 4231599

124.4 Nicholas West Virginia No MVP-NI-157 - TWS 500 45 Houses in this area may have public water Aerial Digitize 524513 4228852

125.0 Nicholas West Virginia No MVP-ATWS-231A 477 50 Houses in this area may have public water Aerial Digitize 524558 4228035

125.1 Nicholas West Virginia No MVP-ATWS-232A 222 85 Houses in this area may have public water Aerial Digitize 524628 4227948

125.1 Nicholas West Virginia No MVP-ATWS-1018 383 45 Houses in this area may have public water Aerial Digitize 524800 4227882

125.1 Nicholas West Virginia No MVP-NI-158.01 - TWS 519 37 Houses in this area may have public water Aerial Digitize 524829 4227834

125.1 Nicholas West Virginia No MVP-NI-158.01 - TWS 586 108 Houses in this area may have public water Aerial Digitize 524830 4227790

125.1 Nicholas West Virginia No MVP-NI-158.01 - TWS 406 26 Houses in this area may have public water Aerial Digitize 524744 4227775

128.3 Nicholas West Virginia No MVP-NI-163 - TWS 611 87 Aerial Digitize 523412 4223684

133.0 Nicholas West Virginia No MVP-ATWS-255B 690 79 Aerial Digitize 523807 4217651

133.2 Nicholas West Virginia No Pipe Workspace 184 147 Aerial Digitize 524119 4217655

133.4 Nicholas West Virginia No MVP-NI-172 - TWS 286 103 Aerial Digitize 524300 4217322

133.4 Nicholas West Virginia No Pipe Workspace 26 0 Yes WELL - WATER Holland 524403 4217311

137.2 Greenbrier West Virginia No MVP-ATWS-259 218 86 Aerial Digitize 523817 4212587

137.3 Greenbrier West Virginia No Pipe Workspace 163 76 Aerial Digitize 523678 4212462

137.4 Greenbrier West Virginia No Pipe Workspace 125 38 Aerial Digitize 523615 4212276

143.7 Greenbrier West Virginia No Pipe Workspace 10 0 Yes WELL - UNKNOWN Holland 521200 4204369

143.9 Greenbrier West Virginia No MVP-GB-183 - TWS 597 108 Aerial Digitize 521500 4204225

143.9 Greenbrier West Virginia No MVP-GB-183 - TWS 626 79 Aerial Digitize 521519 4204213

143.9 Greenbrier West Virginia No MVP-GB-183 - TWS 569 21 Aerial Digitize 521526 4204172

143.9 Greenbrier West Virginia No MVP-GB-183 - TWS 638 61 Aerial Digitize 521553 4204169

144.1 Greenbrier West Virginia No MVP-ATWS-274 215 59 Aerial Digitize 521595 4203827

147.0 Greenbrier West Virginia No MVP-GB-185 - TWS 372 140 Aerial Digitize 522749 4200792

147.0 Greenbrier West Virginia No Pipe Workspace 126 89 WELL - WATER Holland 522897 4200754

148.6 Greenbrier West Virginia No Pipe Workspace 167 80 WELL - BROKEN CONCRETE Holland 522186 4198548

149.9 Greenbrier West Virginia No MVP-GB-189 - TWS 2683 56 Aerial Digitize 522315 4196678

150.5 Greenbrier West Virginia No MVP-GB-190 - TWS 1350 59 Aerial Digitize 524013 4195867

151.8 Greenbrier West Virginia No Pipe Workspace 33 0 Yes WELL - WATER Holland 522473 4194670

151.9 Greenbrier West Virginia No Pipe Workspace 10 0 Yes WELL - WATER Holland 522474 4194532

152.4 Greenbrier West Virginia No Pipe Workspace 21 0 Yes WELL - WATER Holland 522468 4193770

152.6 Greenbrier West Virginia No Pipe Workspace 34 0 Yes WELL - WATER Holland 522232 4193611

155.9 Greenbrier West Virginia No MVP-GB-193 - TWS 533 38 Aerial Digitize 521910 4189278

156.5 Greenbrier West Virginia No MVP-GB-194 - TWS 1116 23 Aerial Digitize 521785 4188342

156.7 Greenbrier West Virginia No MVP-GB-194 - TWS 1392 55 Aerial Digitize 521722 4188276

157.0 Greenbrier West Virginia No MVP-GB-194 - TWS 1104 138 Aerial Digitize 521750 4188123

159.4 Summers West Virginia No Pipe Workspace 166 128 WELL - WATER Holland 522378 4184480

167.2 Summers West Virginia No MVP-ATWS-309 287 102 Aerial Digitize 521705 4175062

169.6 Summers West Virginia No Pipe Workspace 221 134 Aerial Digitize 523105 4172139

171.2 Summers West Virginia No Pipe Workspace 56 0 Yes WELL - WATER Holland 523802 4170705

171.3 Summers West Virginia No Pipe Workspace 119 32 WELL - WATER Holland 523728 4170545

172.1 Summers West Virginia No MVP-ATWS-1169 1836 129 Aerial Digitize 523538 4169014

172.2 Summers West Virginia No MVP-SU-208 - TWS 1950 84 Aerial Digitize 523590 4168904

172.2 Summers West Virginia No MVP-SU-208 - TWS 1685 24 Aerial Digitize 523693 4168924

172.5 Summers West Virginia No MVP-SU-208.01 - TWS 843 30 Aerial Digitize 524209 4168832
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172.5 Summers West Virginia No MVP-SU-208.01 - TWS 1167 124 Aerial Digitize 524174 4168737

174.1 Summers West Virginia Yes Pipe Workspace 86 0 Yes uncertain Aerial Digitize 526245 4167687

176.7 Monroe West Virginia No MVP-MO-212 - TWS 3967 107 Aerial Digitize 527960 4163979

179.0 Monroe West Virginia No MVP-MO-216 - TWS 526 113 Aerial Digitize 526585 4161384

179.1 Monroe West Virginia No MVP-MO-216 - TWS 517 92 Aerial Digitize 526541 4161360

182.2 Monroe West Virginia No Pipe Workspace 230 142 Aerial Digitize 525540 4157242

182.3 Monroe West Virginia No Pipe Workspace 68 27 WELL - WATER Holland 525574 4157167

182.7 Monroe West Virginia No MVP-MO-218 - TWS 225 38 Aerial Digitize 525633 4156400

183.3 Monroe West Virginia No Pipe Workspace 38 1 WELL - WATER Holland 525431 4155641

184.0 Monroe West Virginia No MVP-MO-220 - TWS 622 130 Aerial Digitize 524629 4154761

184.0 Monroe West Virginia No MVP-MO-220 - TWS 834 81 Aerial Digitize 524575 4154693

184.2 Monroe West Virginia No Pipe Workspace 20 0 Yes WELL - WATER Holland 525001 4154506

185.5 Monroe West Virginia No MVP-MO-223 - TWS 1366 86 Aerial Digitize 526170 4152912

186.1 Monroe West Virginia No MVP-ATWS-337 147 0 Yes WELL - WATER Holland 526372 4152184

187.7 Monroe West Virginia No MVP-ATWS-1113 964 105 Aerial Digitize 527596 4150711

187.8 Monroe West Virginia No MVP-MO-226 - TWS 734 106 Aerial Digitize 527597 4150631

187.8 Monroe West Virginia No MVP-MO-226 - TWS 755 127 Aerial Digitize 527638 4150609

191.0 Monroe West Virginia No MVP-MO-228 - TWS 1490 60 Aerial Digitize 529693 4146538

191.0 Monroe West Virginia No MVP-MO-228 - TWS 984 83 Aerial Digitize 529594 4146419

191.9 Monroe West Virginia Yes MVP-ATWS-710 471 386 Aerial Digitize 529610 4144919

191.9 Monroe West Virginia Yes Pipe Workspace 180 92 Houses in this area may have public water Aerial Digitize 529454 4145049

192.0 Monroe West Virginia Yes MVP-MO-230 - TWS 516 413 Houses in this area may have public water Aerial Digitize 529287 4145049

192.0 Monroe West Virginia Yes MVP-MO-230 - TWS 446 339 Houses in this area may have public water Aerial Digitize 529315 4145044

192.0 Monroe West Virginia Yes MVP-MO-230 - TWS 308 201 Houses in this area may have public water Aerial Digitize 529377 4145038

194.5 Monroe West Virginia No MVP-ATWS-658 260 99 Aerial Digitize 527117 4142289

198.4 Giles Virginia Yes Pipe Workspace 92 13 uncertain Building Centroid 528575 4137214

198.9 Giles Virginia Yes MVP-GI-234 - TWS 777 79 Building Centroid 528315 4136276

199.0 Giles Virginia Yes MVP-GI-234 - TWS 626 353 Building Centroid 528225 4136276

199.1 Giles Virginia Yes MVP-GI-235 - TWS 918 4 Building Centroid 528216 4136146

199.3 Giles Virginia Yes MVP-GI-236 - TWS 894 173 Building Centroid 528137 4135935

199.5 Giles Virginia Yes MVP-GI-237 - TWS 903 111 Building Centroid 527900 4135727

199.5 Giles Virginia Yes MVP-GI-237 - TWS 1205 82 Building Centroid 527941 4135594

199.5 Giles Virginia Yes Pipe Workspace 70 33 Building Centroid 527611 4135809

199.8 Giles Virginia No MVP-GI-232 - TWS 15411 73 Building Centroid 522673 4135541

200.4 Giles Virginia Yes MVP-GI-238 - TWS 2047 394 Building Centroid 528526 4135201

200.4 Giles Virginia Yes MVP-GI-238 - TWS 1121 424 Building Centroid 528289 4135041

200.4 Giles Virginia Yes MVP-GI-238 - TWS 1230 201 Building Centroid 528361 4135013

201.4 Giles Virginia Yes Pipe Workspace 187 149 Building Centroid 529538 4134133

201.5 Giles Virginia Yes MVP-MLV-AR-24 - TWS 745 73 Building Centroid 529705 4134380

201.5 Giles Virginia Yes MVP-MLV-AR-24 - TWS 1099 99 Building Centroid 529762 4134485

201.6 Giles Virginia Yes MVP-MLV-AR-24 - TWS 1175 136 Building Centroid 529848 4134497

201.8 Giles Virginia Yes Pipe Workspace 264 226 Building Centroid 530006 4133814

202.2 Giles Virginia Yes MVP-GI-241.01 - TWS 832 321 Building Centroid 530538 4133475

202.3 Giles Virginia Yes MVP-GI-241.04 - TWS 767 285 Aerial Digitize 530868 4133885

202.3 Giles Virginia Yes MVP-GI-241.04 - TWS 881 355 Aerial Digitize 530868 4133922

202.3 Giles Virginia Yes MVP-GI-241.04 - TWS 1125 363 Aerial Digitize 530907 4133988

202.4 Giles Virginia Yes MVP-GI-241.04 - TWS 690 169 Aerial Digitize 531057 4133805

202.4 Giles Virginia Yes MVP-GI-241.04 - TWS 937 40 Aerial Digitize 530974 4133908

202.5 Giles Virginia Yes Pipe Workspace 236 149 Building Centroid 531013 4133524

202.5 Giles Virginia No Pipe Workspace 99 57 WELL - WATER Holland 531070 4133551

203.5 Giles Virginia No Pipe Workspace 167 129 Building Centroid 532483 4133243

204.0 Giles Virginia No Pipe Workspace 188 100 WELL - WATER Holland 533225 4133050

205.8 Giles Virginia Yes MVP-ATWS-1333 485 348 Building Centroid 535788 4132252

205.8 Giles Virginia Yes MVP-ATWS-1360 407 210 Building Centroid 535684 4132001

205.9 Giles Virginia Yes MVP-ATWS-1360 596 469 Building Centroid 535715 4131928

206.6 Giles Virginia Yes MVP-ATWS-1331 328 284 Houses in this area may have public water Building Centroid 536796 4131753

206.8 Giles Virginia Yes Pipe Workspace 438 350 Building Centroid 537077 4131482

207.1 Giles Virginia Yes Pipe Workspace 476 388 Building Centroid 537507 4131313
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208.8 Giles Virginia Yes MVP-ATWS-1143 1328 104 Building Centroid 539517 4130120

208.9 Giles Virginia Yes Pipe Workspace 577 490 Building Centroid 539929 4130130

209.9 Giles Virginia Yes MVP-GI-245.02A - TWS 3664 125 Building Centroid 540759 4128720

209.9 Giles Virginia Yes MVP-GI-245.02 - TWS 3074 71 Building Centroid 541387 4128776

209.9 Giles Virginia Yes MVP-GI-245.02 - TWS 3176 125 Building Centroid 541496 4128759

211.0 Giles Virginia Yes MVP-GI-249 - PWS 343 50 Building Centroid 542812 4129487

211.0 Giles Virginia Yes MVP-GI-249 - TWS 479 51 Building Centroid 542756 4129465

211.3 Giles Virginia Yes MVP-GI-249.01 - TWS 695 380 Building Centroid 542781 4129329

211.3 Giles Virginia Yes MVP-GI-249.01 - TWS 572 210 Building Centroid 542825 4129387

211.3 Giles Virginia Yes MVP-GI-249.01 - TWS 735 475 Houses in this area may have public water Building Centroid 542763 4129293

211.3 Giles Virginia Yes Pipe Workspace 487 382 Houses in this area may have public water Building Centroid 542843 4129242

211.3 Giles Virginia Yes Pipe Workspace 469 381 Houses in this area may have public water Building Centroid 542928 4129134

211.3 Giles Virginia Yes Pipe Workspace 488 400 Houses in this area may have public water Building Centroid 542908 4129145

211.4 Giles Virginia Yes Pipe Workspace 311 224 Houses in this area may have public water Building Centroid 543045 4129118

211.4 Giles Virginia Yes Pipe Workspace 420 330 Houses in this area may have public water Building Centroid 543004 4129098

211.6 Giles Virginia Yes Pipe Workspace 276 239 Building Centroid 543409 4129084

212.0 Giles Virginia Yes Pipe Workspace 123 35 Houses in this area may have public water Building Centroid 543703 4128668

212.0 Giles Virginia Yes Pipe Workspace 149 62 Houses in this area may have public water Building Centroid 543687 4128682

212.3 Giles Virginia Yes Pipe Workspace 481 443 Building Centroid 544244 4128589

212.4 Giles Virginia Yes MVP-ATWS-1370A 597 411 Building Centroid 544153 4128237

213.6 Giles Virginia Yes MVP-GI-253.02 - TWS 913 27 Building Centroid 545992 4128155

214.6 Giles Virginia Yes MVP-GI-256.02 - TWS 599 271 Building Centroid 547278 4128690

214.8 Giles Virginia Yes MVP-GI-256 - TWS 556 231 Building Centroid 547087 4129124

214.8 Giles Virginia Yes Pipe Workspace 160 73 Building Centroid 547197 4129019

216.6 Giles Virginia Yes MVP-CR-258.01 - TWS 484 43 Building Centroid 549533 4130563

216.7 Giles Virginia Yes MVP-CR-258.01 - TWS 515 69 Building Centroid 549618 4130604

216.7 Craig Virginia Yes MVP-CR-258.01 - TWS 844 239 Aerial Digitize 549545 4130684

221.9 Montgomery Virginia Yes Pipe Workspace 255 218 Aerial Digitize 554677 4127623

222.0 Montgomery Virginia Yes MVP-MN-262.01 - TWS 2068 175 Aerial Digitize 555358 4127137

222.2 Montgomery Virginia Yes Pipe Workspace 251 213 Aerial Digitize 555138 4127677

223.0 Montgomery Virginia Yes Pipe Workspace 116 79 Aerial Digitize 556255 4127984

223.2 Montgomery Virginia Yes Pipe Workspace 366 317 Aerial Digitize 556697 4128107

223.3 Montgomery Virginia Yes Pipe Workspace 295 254 Aerial Digitize 556585 4127826

223.4 Montgomery Virginia Yes Pipe Workspace 374 286 Aerial Digitize 556872 4128028

223.4 Montgomery Virginia Yes Pipe Workspace 447 359 Aerial Digitize 556815 4128045

223.5 Montgomery Virginia Yes Pipe Workspace 551 461 Aerial Digitize 557016 4128085

225.3 Montgomery Virginia Yes MVP-MN-266.02 - TWS 994 233 Aerial Digitize 558883 4127305

225.4 Montgomery Virginia Yes MVP-ATWS-1458 1256 194 Aerial Digitize 558992 4127395

226.7 Montgomery Virginia Yes MVP-MN-266 - TWS 1174 168 Building Centroid 559782 4125067

226.9 Montgomery Virginia Yes Pipe Workspace 257 169 Aerial Digitize 560250 4125154

227.4 Montgomery Virginia Yes MVP-ATWS-1159 1214 444 Building Centroid 560572 4125236

227.4 Montgomery Virginia Yes MVP-ATWS-1160 1252 339 Building Centroid 560755 4125299

228.9 Montgomery Virginia No MVP-MN-270 - TWS 877 68 Building Centroid 562693 4123530

229.2 Montgomery Virginia No MVP-MN-270.01 - TWS 350 79 Aerial Digitize 563198 4123674

229.2 Montgomery Virginia No MVP-MN-270.01 - TWS 256 36 Aerial Digitize 563184 4123708

229.3 Montgomery Virginia No MVP-MN-270 - TWS 2725 123 Aerial Digitize 563213 4122926

229.3 Montgomery Virginia No MVP-MN-270.01 - TWS 660 63 Aerial Digitize 563302 4123552

229.4 Montgomery Virginia No MVP-MN-271 - TWS 198 89 Building Centroid 563514 4123648

229.4 Montgomery Virginia No MVP-MN-270.01 - TWS 1032 120 Aerial Digitize 563338 4123430

229.5 Montgomery Virginia No MVP-ATWS-1166 1064 126 Building Centroid 563756 4123974

229.5 Montgomery Virginia No MVP-MN-270 - TWS 2840 99 Aerial Digitize 563269 4122868

229.5 Montgomery Virginia No MVP-MN-272 - TWS 967 138 Building Centroid 563718 4123953

229.5 Montgomery Virginia No Pipe Workspace 74 37 Building Centroid 563590 4123697

229.6 Montgomery Virginia No MVP-MN-272 - TWS 910 73 Building Centroid 563859 4123897

229.8 Montgomery Virginia No MVP-MN-272 - TWS 563 65 Building Centroid 564052 4123734

230.8 Montgomery Virginia No Pipe Workspace 64 26 Building Centroid 565527 4123133

230.9 Montgomery Virginia No Pipe Workspace 38 0 Yes Building Centroid 565687 4123039

233.9 Roanoke Virginia No MVP-MN-277.02 - TWS 2220 41 Aerial Digitize 570707 4123067
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233.9 Roanoke Virginia No MVP-MN-277.02 - TWS 2478 102 Aerial Digitize 570782 4123091

234.4 Montgomery Virginia Yes Pipe Workspace 148 111 WELL - WATER GPS 570308 4122350

234.6 Montgomery Virginia Yes Pipe Workspace 457 420 Building Centroid 570622 4122281

234.9 Roanoke Virginia Yes MVP-MLV-AR-27 - TWS 1331 421 Aerial Digitize 571159 4122170

234.9 Roanoke Virginia Yes MVP-MLV-AR-27 - TWS 1279 391 Aerial Digitize 571099 4122190

235.0 Roanoke Virginia Yes MVP-MLV-AR-27 - TWS 976 61 Aerial Digitize 571120 4122067

235.0 Roanoke Virginia Yes MVP-MLV-AR-27 - TWS 1024 113 Aerial Digitize 571185 4122050

235.0 Roanoke Virginia Yes MVP-MLV-AR-27 - TWS 1187 255 Aerial Digitize 571183 4122104

235.3 Montgomery Virginia Yes MVP-ATWS-725 712 335 Building Centroid 571106 4121415

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 1459 82 Building Centroid 571760 4121175

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 860 65 Building Centroid 571581 4121223

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 881 69 Building Centroid 571588 4121220

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 2017 388 Building Centroid 571944 4121287

235.4 Montgomery Virginia Yes MVP-MN-279 - PWS 764 39 Building Centroid 571554 4121237

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 2206 435 Building Centroid 571999 4121257

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 890 38 Building Centroid 571591 4121229

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 1531 62 Building Centroid 571782 4121178

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 890 39 Building Centroid 571592 4121228

235.4 Roanoke Virginia Yes MVP-MN-279 - PWS 1531 64 Building Centroid 571782 4121177

235.5 Montgomery Virginia Yes Pipe Workspace 457 419 Houses in this area may have public water Building Centroid 571309 4121039

235.5 Montgomery Virginia Yes Pipe Workspace 524 487 Houses in this area may have public water Building Centroid 571367 4121061

235.6 Montgomery Virginia Yes MVP-ATWS-645 437 391 Houses in this area may have public water Building Centroid 571253 4120988

235.6 Montgomery Virginia Yes Anode Bed TWS 608 111 Building Centroid 570948 4121110

235.6 Montgomery Virginia Yes Pipe Workspace 399 362 Houses in this area may have public water Building Centroid 571271 4121030

235.6 Montgomery Virginia Yes Pipe Workspace 300 262 Houses in this area may have public water Building Centroid 571182 4120961

235.7 Montgomery Virginia Yes MVP-ATWS-727 408 123 Building Centroid 570965 4121013

235.7 Montgomery Virginia Yes MVP-ATWS-727 803 465 Houses in this area may have public water Building Centroid 570819 4120987

235.7 Montgomery Virginia Yes MVP-ATWS-727 777 473 Houses in this area may have public water Building Centroid 570818 4120939

235.7 Montgomery Virginia Yes MVP-MN-279.01 - PWS 598 309 Houses in this area may have public water Building Centroid 570899 4120817

235.7 Montgomery Virginia Yes Anode Bed TWS 912 417 Aerial Digitize 570854 4121131

235.7 Montgomery Virginia Yes Pipe Workspace 239 201 Houses in this area may have public water Building Centroid 571141 4120925

235.8 Montgomery Virginia Yes MVP-ATWS-645A 241 46 Building Centroid 571057 4120710

235.8 Montgomery Virginia Yes Pipe Workspace 141 103 Building Centroid 571091 4120696

235.9 Montgomery Virginia Yes MVP-ATWS-645 631 295 Building Centroid 571322 4120742

235.9 Montgomery Virginia Yes Pipe Workspace 240 152 Building Centroid 571223 4120641

237.0 Roanoke Virginia No MVP-MN-278.01 - TWS 3125 148 Building Centroid 572156 4119477

237.6 Montgomery Virginia No MVP-MN-278.01 - TWS 784 43 Building Centroid 571694 4118809

237.6 Montgomery Virginia No MVP-MN-278.01 - TWS 1383 47 Building Centroid 571801 4118980

237.6 Montgomery Virginia No MVP-MN-278.01 - TWS 1880 51 Building Centroid 571915 4119103

237.7 Roanoke Virginia No MVP-MN-278.01 - TWS 1894 90 Building Centroid 571981 4119077

241.4 Roanoke Virginia No MVP-RO-281 - TWS 211 135 Building Centroid 576080 4115374

241.5 Roanoke Virginia No MVP-RO-281 - TWS 266 119 Building Centroid 576111 4115340

241.5 Roanoke Virginia No Pipe Workspace 57 20 Building Centroid 576085 4115238

241.6 Roanoke Virginia No Pipe Workspace 142 104 Building Centroid 576158 4115216

241.6 Roanoke Virginia No Pipe Workspace 78 41 Building Centroid 576125 4115216

241.6 Roanoke Virginia No Pipe Workspace 127 89 Building Centroid 576147 4115219

242.1 Roanoke Virginia No Pipe Workspace 93 6 Building Centroid 576432 4114365

242.3 Roanoke Virginia No MVP-ATWS-1304 3066 131 Building Centroid 577428 4114349

242.3 Roanoke Virginia No MVP-RO-283 - TWS 2897 24 Building Centroid 577402 4114129

242.3 Roanoke Virginia No MVP-RO-283 - TWS 3011 32 Building Centroid 577437 4114120

243.1 Roanoke Virginia No Pipe Workspace 22 0 Yes Building Centroid 576812 4113003

243.3 Roanoke Virginia No Pipe Workspace 132 95 Building Centroid 576945 4112770

243.7 Roanoke Virginia No MVP-ATWS-1326 182 76 Building Centroid 577404 4112443

243.7 Roanoke Virginia No MVP-ATWS-1326 138 55 Building Centroid 577390 4112446

243.7 Roanoke Virginia No MVP-ATWS-1326 208 132 Building Centroid 577411 4112428

243.7 Roanoke Virginia No Pipe Workspace 113 75 Building Centroid 577376 4112408

243.7 Roanoke Virginia No Pipe Workspace 106 68 Building Centroid 577378 4112425

244.2 Roanoke Virginia No MVP-RO-285 - TWS 1009 31 Building Centroid 576621 4111782
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Nearest Work Space 

Identification
Within Karst Terrain?State Notes Location Source (Note 1) UTM_x UTM_y

Within a Work Space 

Easement?

Distance To Nearest 

Workspace (feet)

Distance To Pipe 

Centerline (feet)
MilePost County

244.2 Roanoke Virginia No MVP-RO-285 - TWS 1044 58 Building Centroid 576608 4111778

244.2 Roanoke Virginia No Pipe Workspace 183 145 Building Centroid 576972 4111681

244.2 Roanoke Virginia No Pipe Workspace 69 32 Building Centroid 576936 4111685

244.5 Roanoke Virginia No MVP-RO-285 - TWS 1438 116 Building Centroid 576472 4111842

244.6 Roanoke Virginia No MVP-RO-286 - TWS 470 127 Building Centroid 576778 4111236

244.6 Roanoke Virginia No MVP-RO-286 - TWS 376 123 Building Centroid 576746 4111248

245.4 Roanoke Virginia No MVP-RO-287 - TWS 1625 34 Building Centroid 577068 4110309

245.4 Roanoke Virginia No MVP-RO-287 - TWS 1919 62 Building Centroid 577160 4110317

245.4 Roanoke Virginia No MVP-RO-287 - TWS 971 35 Building Centroid 576880 4110244

245.4 Roanoke Virginia No MVP-RO-287 - TWS 2354 90 Building Centroid 577289 4110350

245.4 Roanoke Virginia No MVP-RO-287 - TWS 1977 53 Building Centroid 577176 4110325

245.4 Roanoke Virginia No MVP-RO-287 - TWS 2291 25 Building Centroid 577264 4110363

245.4 Roanoke Virginia No Pipe Workspace 214 127 Building Centroid 576530 4110140

245.7 Roanoke Virginia No MVP-RO-288 - TWS 347 41 Building Centroid 576754 4109758

245.8 Roanoke Virginia No Pipe Workspace 30 0 Yes Building Centroid 576769 4109637

246.6 Franklin Virginia No MVP-FR-290 - TWS 1116 74 Building Centroid 578205 4108954

246.6 Franklin Virginia No MVP-FR-290 - TWS 1187 49 Building Centroid 578242 4108946

248.9 Franklin Virginia No MVP-FR-292 - TWS 352 32 Building Centroid 581330 4108689

256.3 Franklin Virginia No MVP-ATWS-1255 1461 2 Building Centroid 589599 4105036

256.3 Franklin Virginia No MVP-FR-294 - TWS 1658 141 Building Centroid 589650 4104976

256.7 Franklin Virginia No MVP-ATWS-1416 221 125 Building Centroid 590296 4105521

256.7 Franklin Virginia No Pipe Workspace 169 131 Building Centroid 590243 4105640

257.0 Franklin Virginia No Pipe Workspace 229 142 Building Centroid 590729 4105597

257.8 Franklin Virginia No MVP-FR-295 - TWS 586 81 Building Centroid 591680 4105147

257.8 Franklin Virginia No MVP-FR-295 - TWS 1149 134 Building Centroid 591745 4104986

257.9 Franklin Virginia No MVP-FR-295 - TWS 1484 127 Building Centroid 591806 4104886

258.2 Franklin Virginia No MVP-FR-295 - TWS 2314 132 Building Centroid 591978 4104620

258.9 Franklin Virginia No MVP-FR-296 - TWS 201 64 Building Centroid 593257 4105274

259.0 Franklin Virginia No MVP-ATWS-614 198 71 WELL - WATER Holland 593413 4105146

259.3 Franklin Virginia No MVP-ATWS-616 125 43 Building Centroid 593492 4104761

259.4 Franklin Virginia No MVP-FR-297 - TWS 1215 148 Building Centroid 593638 4104216

260.6 Franklin Virginia No MVP-FR-299 - TWS 323 43 Building Centroid 594358 4103362

260.9 Franklin Virginia No MVP-ATWS-1262 1523 100 Building Centroid 594961 4102686

260.9 Franklin Virginia No MVP-ATWS-1261 1450 105 Building Centroid 594865 4102673

260.9 Franklin Virginia No MVP-ATWS-1261 1570 128 Building Centroid 594939 4102660

260.9 Franklin Virginia No MVP-FR-300 - TWS 1121 77 Building Centroid 594900 4102792

261.8 Franklin Virginia No Pipe Workspace 163 125 WELL - WATER Holland 595782 4102637

263.8 Franklin Virginia No MVP-ATWS-1264 631 93 Building Centroid 597705 4101052

265.4 Franklin Virginia No Pipe Workspace 234 133 Aerial Digitize 599567 4101737

265.9 Franklin Virginia No Pipe Workspace 204 116 Aerial Digitize 599790 4102558

266.0 Franklin Virginia No Pipe Workspace 183 93 Aerial Digitize 599807 4102678

266.2 Franklin Virginia No Pipe Workspace 165 76 Aerial Digitize 599940 4102702

266.3 Franklin Virginia No MVP-FR-309.05 - TWS 256 77 Aerial Digitize 600079 4102739

266.3 Franklin Virginia No MVP-FR-309.05 - TWS 475 108 Aerial Digitize 600123 4102817

266.3 Franklin Virginia No Pipe Workspace 180 140 Aerial Digitize 600015 4102595

269.2 Franklin Virginia No MVP-FR-311 - TWS 740 104 Building Centroid 603587 4101404

269.5 Franklin Virginia No MVP-MLV-AR-32 - TWS 332 96 Building Centroid 604053 4101742

270.1 Franklin Virginia No MVP-FR-313 - TWS 940 99 Building Centroid 604760 4100842

270.2 Franklin Virginia No MVP-FR-313 - TWS 2526 121 Building Centroid 604728 4100293

270.2 Franklin Virginia No MVP-FR-313 - TWS 2679 115 Building Centroid 604820 4100197

270.9 Franklin Virginia No Pipe Workspace 143 106 WELL - UNKNOWN Holland 605853 4100356

272.8 Franklin Virginia No MVP-FR-315 - TWS 1249 80 Building Centroid 608352 4098628

272.8 Franklin Virginia No MVP-FR-315 - TWS 1142 96 Building Centroid 608362 4098661

272.8 Franklin Virginia No MVP-FR-315 - TWS 1077 44 Building Centroid 608345 4098681

273.7 Franklin Virginia No MVP-ATWS-527 224 137 Building Centroid 609555 4098453

275.0 Franklin Virginia No Pipe Workspace 134 47 Building Centroid 610832 4096864

276.9 Franklin Virginia No MVP-FR-319.01 - TWS 249 24 Building Centroid 612982 4094973

277.3 Franklin Virginia No MVP-ATWS-365 338 100 Building Centroid 613390 4094593
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Nearest Work Space 

Identification
Within Karst Terrain?State Notes Location Source (Note 1) UTM_x UTM_y

Within a Work Space 

Easement?

Distance To Nearest 

Workspace (feet)

Distance To Pipe 

Centerline (feet)
MilePost County

277.8 Franklin Virginia No MVP-FR-320 - TWS 174 5 WELL - WATER Holland 614249 4094366

278.2 Franklin Virginia No MVP-ATWS-369 359 149 Building Centroid 614793 4094458

278.5 Franklin Virginia No MVP-FR-321 - TWS 700 75 Building Centroid 615360 4094563

278.6 Franklin Virginia No MVP-FR-321 - TWS 248 43 Building Centroid 615471 4094407

278.6 Franklin Virginia No MVP-FR-321 - TWS 581 126 Building Centroid 615491 4094506

279.5 Franklin Virginia No MVP-FR-322 - TWS 1245 127 Building Centroid 616988 4094056

279.6 Franklin Virginia No MVP-FR-322 - TWS 782 21 Building Centroid 616975 4093899

279.6 Franklin Virginia No MVP-FR-322 - TWS 606 52 Building Centroid 616952 4093850

279.6 Franklin Virginia No MVP-FR-322 - TWS 506 68 Building Centroid 616968 4093805

280.3 Franklin Virginia No MVP-FR-323 - TWS 1573 87 Building Centroid 618007 4093447

280.3 Franklin Virginia No MVP-FR-323 - TWS 2178 51 WELL - WATER Holland 618073 4093627

280.8 Franklin Virginia No Pipe Workspace 146 108 WELL - WATER Holland 618453 4092670

281.3 Franklin Virginia No Pipe Workspace 61 24 WELL - WATER Holland 619224 4092547

282.6 Franklin Virginia No Pipe Workspace 195 108 Building Centroid 621179 4092133

285.5 Pittsylvania Virginia No MVP-ATWS-1286 1583 137 Building Centroid 625883 4092036

286.1 Pittsylvania Virginia No MVP-ATWS-383A 350 148 Building Centroid 626123 4090878

295.9 Pittsylvania Virginia No Pipe Workspace 185 148 Building Centroid 639357 4084050

296.5 Pittsylvania Virginia No Pipe Workspace 216 129 WELL - WATER Holland 639938 4083375

296.9 Pittsylvania Virginia No MVP-ATWS-1392A 318 130 Aerial Digitize 640390 4082971

298.1 Pittsylvania Virginia No MVP-ATWS-499A 275 129 Building Centroid 641704 4081796

298.1 Pittsylvania Virginia No Pipe Workspace 123 47 Building Centroid 641873 4081924

299.7 Pittsylvania Virginia No MVP-ATWS-1312 603 79 Building Centroid 643233 4079942

299.7 Pittsylvania Virginia No MVP-ATWS-1313 934 137 Building Centroid 643149 4079886

299.7 Pittsylvania Virginia No MVP-PI-339 - TWS 677 10 Building Centroid 643235 4079905

300.2 Pittsylvania Virginia No MVP-ATWS-1298 1003 112 Building Centroid 643849 4079336

300.2 Pittsylvania Virginia No MVP-ATWS-1298 884 108 Building Centroid 643926 4079349

300.2 Pittsylvania Virginia No MVP-ATWS-1298 946 142 Building Centroid 643925 4079329

300.2 Pittsylvania Virginia No MVP-PI-340 - TWS 793 70 Building Centroid 643838 4079408

Note (1):  Actual water supply locations to be confirmed through field observation and property owner contact (see Resource Report #2, Appendix 2-E).
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New-Martinsville Water Department WV3305203 New Martinsville WVa None requested

Pine Grove WV3305205 Pine Grove WVa None requested

West Union Municiple Water Plant WV3300901 West Union WVa None requested

Lumberport Water WV3301714 Lumberport WVa None requested

Salem Water Board WV3301720 Salem WVa None requested

Clarksburg Water Board WV3301705 Clarksburg WVa None requested

Jane Lew Public Service District WV3302103 Jane Lew WVa None requested

West Virginia American Water - Weston WTP WV3302104 Weston WVa None requested

Glenville Water Plant WV3301104 Glenville WVa None requested

Burnsville Public Utility WV3300408 Burnsville WVa None requested

West Virginia American Water- Gassaway WV3300406 Gassaway WVa None requested

Flatwoods Canoe Run PSD WV3300402 Sutton WVa None requested

Sugar Creek PSD WV3300404 Frametown WVa None requested

Clay Municipal Water WV3300801 Clay WVa None requested

West Virginia American Water - Webster Springs WV3305104 Webster Springs WVa None requested

Nettie-Leivasy PSD WV3303403 Nettie WVa None requested

Summersville Municipal Water WV3303404 Summersville WVa Call back 2017

Wilderness PSD WV3303405 Mt. Nebo WVa Call back 2017

Greenbrier County PSD #2 WV3301302 Quinwood WVa None requested

Rainelle Water Department WV3301309 Rainelle WVa None requested

Rupert Water Department WV3301311 Rupert WVa Call back 2017

Town of Meadow Bridge Water Dept. Town Clerk  Meadow Bridge WVa None requested

City of White Sulphur Springs Water Plant WV3301314 White Sulphur Springs WVa None requested

City of Lewisburg Water Plant WV3301307 Lewisburg WVa Call back 2017

Ronceverte Water Department WV3301310 Ronceverte WVa
n/a - Purchases water 

from City of Lewisburg

Big Bend PSD WV3304507 Talcott WVa

Follow-up with PSD in 

2017 to confirm 

sampling plan

Red Sulphur Public Service District WV3303206 Peterstown WVa

Follow-up with PSD in 

2017 to confirm 

sampling plan

Town of Union WV3303207 Union WVa None requested

Gap Mills Public Service District WV3303204 Gap Mills WVa None requested

Green Valley/Glenwood PSD - Bulltail Water Plant WV3302813 Bluefield WVa None requested

West Virginia American Water- Bluefield WV3302835 Bluefield WVa None requested

Giles County PSA 1071455 Pearisburg Va Call back 2017

NRV Regional Water Authority 1121057 Radford Va None requested

Western Virginia Water Authority (WVWA) 2770900 Roanoke Va None requested

City of Salem 2775300 Salem Va None requested

Town of Boones Mill 5067043 Boones Mill Va

Follow-up with Town in 

2017 to confirm 

sampling plan

Town of Rocky Mount 5067840 Rocky Mount Va

Follow-up with Town in 

2017 to confirm 

sampling plan

Franklin County 5067137 Rocky Mount Va

n/a - Served by Western 

Virginia Regional Water 

Authority

Town of Ferrum 5067120 Ferrum Va None requested

Town of Gretna 5143210 Gretna Va None requested

Town of Chatham 5143114 Chatham Va None requested

Table 5.2  Public water supplies located within 3 miles downstream, or within a HUC-10 watershed (Revised October 20, 2016)

Note: specific locations of water well, spring or surface intake to be determined from Supplier

Public Supply Name PWS ID# Locality State Plan for Follow-up



 

 

 

Table 5.3 –Target analytes for water resources baseline testing.   

Note that public water supply owner / operator will be consulted to identify additions or 

deletions to this target analyte list. 

Target Analyte 

(baseline water 

quality) 

Notes / Rationale for Testing 

pH 
Field-measured indicator parameter characterizing the relative acid-

base nature of water and a major indicator of overall water quality. 

Specific conductivity 

(mS/cm) 

Field-measured indicator parameter characterizing the dissolved ion 

content of water and a major indicator of overall water quality. 

Temperature (oC) 
Field-measured indicator parameter that is a general water quality 

descriptor.  

Turbidity (turb. units) 
Field-measured indicator parameter characterizing the suspended solids 

content of water. 

Total and Fecal 

coliform bacteria 

(MPN/100 ml) 

Measures bacteria content of water. Indicator of surface water and / or 

septic field impact to the water well.  

Total dissolved solids 

(TDS) (mg/L) 

Measures amount of charged ions that are dissolved in water. Indicative 

of dissolved mineral content of the water. 

Total suspended solids 

(TSS) (mg/L) 

Measures amount of solid material suspended in water. Similar to 

turbidity field indicator, but provides a quantitative assessment of 

suspended solids mass. 

Hardness (mg/L) 

Major water quality indicator. Hardness is commonly used to measure 

dissolved calcium and magnesium. “Hard” water is high in dissolved 

minerals. Hardness, TDS and Specific conductivity are evaluated in 

common to characterize the relative mineralization of groundwater. 

Report in CaCO3 equivalent (mg/L).  

Alkalinity (mg/L) 

Measures the ability of water to neutralize acid (buffering capacity) and 

is part of an overall water quality indicator. Report in CaCO3 

equivalent (mg/L) 

Sulfate (mg/L) 

Common major anion (negatively-charged compound) in groundwater 

and at high concentrations may lead to scaling of plumbing and impart 

poor taste to potable water. This is also used to evaluate charge balance 

(balanced anions and cations) of the overall water quality data set for 

each well. 

Chloride (mg/L) 

Common major anion (negatively charged) that is an indicator of 

overall salt content of water. This is also used to evaluate charge 

balance (balanced anions and cations) of the overall water quality data 

set for each well. 



 

 

Table 5.3 –Target analytes for water resources baseline testing.   

Note that public water supply owner / operator will be consulted to identify additions or 

deletions to this target analyte list. 

Target Analyte 

(baseline water 

quality) 

Notes / Rationale for Testing 

Nitrate (total) (mg/L) 

Common major anion (negatively charged compound) that is typically 

used as an indicator of surface water or septic influence on 

groundwater. Nitrate and bacteria analyses are evaluated in tandem to 

identify potential impacts to groundwater sources. This is also used to 

evaluate charge balance (balanced anions and cations) of the overall 

water quality data set for each well. 

Bicarbonate (mg/L) 

Common major anion (negatively charged compound) used to evaluate 

charge balance (balanced anions and cations) of the overall water 

quality data set for each well. Evaluating bicarbonate content along 

with alkalinity assists in understanding overall water quality. 

Calcium and 

Magnesium (mg/L) 

Common major cation (positively charged element) that will assist in 

characterizing overall water quality and Hardness, and will be used to 

evaluate charge balance (balanced anions and cations) of the overall 

water quality data set for each well. 

Sodium and Potassium 

(mg/L) 

Common major cation (positively charged element) that will assist in 

characterizing overall water quality and to evaluate charge balance 

(balanced anions and cations) of the overall water quality data set for 

each well. High levels of sodium may also have health effects for 

persons with high blood pressure. 

Iron and Manganese 

(mg/L) 

Common major cation (positively charged element) that will assist in 

characterizing overall water quality and to evaluate charge balance 

(balanced anions and cations) of the overall water quality data set for 

each well. These major elements, when dissolved in water at a high 

enough concentration, can have aesthetic concerns for staining home 

fixtures or affecting laundry. 

Target Analyte 

(Expanded Pollutant-

specific) 

Notes / Rationale for Testing 

Volatile Organic 

Compounds (VOCs); 

EPA Method 524.2 

Volatile organic compounds such as petroleum products, chlorinated 

compounds, solvents and degreasers, industrial chemicals, etc. 

Semivolatile Organic 

Compounds (SVOCs); 

EPA Method 525.2 

Semivolatile organic compounds potentially derived from industrial 

activity and materials. 

Total Petroleum 

Hydrocarbons (TPH) 

Methods 8015C 

Broad indicator of petroleum product in water (gasoline or diesel) 

 



 

 

WATER RESOURCES IDENTIFICATION AND TESTING PLAN  Mountain Valley Pipeline 
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Appendix A Information Collected from Water Supply Owners 

 

1 Route Specific Sort Order  

2 Parcel Number(s) 

3 APN(s) 

4 Name (Last, First or Company) 

5 Permission to Enter 

6 Date on Form 

7 Signed 

8 Address Line 1 

9 Address Line 2 

10 City, State, Zip 

11 Telephone Number 

12 Email Address 

13 Preferred Day/Time of Contact 

14 Community or Municipal Water 

15 Water Wells 

16 Drilled or Dug 

17 Used for Drinking 

18 Well Depth 

19 Treatment System or Filter 

20 Other Water Wells 

21 Number of Other Wells 

22 Drilled or Dug 

23 Used for Drinking 

24 Well Depth 

25 Treatment system 

26 Springs 

27 Number of Springs 

28 Used for Livestock/Irrigation 

29 Streams 

30 Number of Streams 

31 Used for Livestock/Irrigation 

32 Other Bodies of Water 

33 Number of Other Bodies of Water 

34 Description 

35 Used for Livestock/Irrigation 

36 Comments 
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Appendix B    Private Well Yield Testing Protocol 

The following outlines the methodology for measuring pre-construction well yield at private water 

supply wells. Public water supplies have documented production data and this will be used for pre-

construction baseline data. The private water well yield testing methods described below were 

taken from The Pennsylvania Department of Environmental Protection, Bureau of Mining 

Programs, Document 563-2112-605 (Water Supply Replacement and Permitting; Appendix B, 

Section C), and Document 563-2112-606 (Procedures for establishing the quantity of water in low-

yield wells) (PDEP 2007, PDEP 2009a).  

There are two (2) procedures discussed below. The first is well yield testing when the well is 

accessible for measuring water level during pumping and recovery. The second is a flow testing 

protocol when the well is not accessible, or the property owner does not authorize Mountain Valley 

to access the well but requests a well yield test.  

If the property owner requests a post-construction well yield test, it is critical that the test be 

conducted under the same conditions as the pre-construction test, to the extent possible, in order 

to provide as accurate a comparison as possible. Since pumping rate and the test duration both 

affect the well yield estimate, these parameters need to be nearly the same to compare results of 

post-construction to pre-construction tests. If possible, the two tests should be conducted during 

the same season of the year because seasonal variation of well recharge can influence the yield 

estimate. 

Yield Testing Protocol for Accessible Wells - Specific Capacity 

The “specific capacity” of a well is the number of gallons of water produced per minute for each 

foot of well drawdown.  

A test duration of 1 hour at a pumping rate of 5 gallons per minute (gpm) will be conducted to 

estimate well specific capacity.   

Procedure 

Request that the well owner not operate the well for as long as practical prior to conducting 

the test. Record when the owner last used the water system. 
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Well plumbing fixtures, such as the pressure shutoff switch, sediment filter and pressure 

tank may need to be by-passed or disconnected to maintain a stable, steady pumping rate.  

Ensure that the discharged water is collected, or discharged away from the well so that it 

does not artificially recharge the well. 

Measure and record the depth to water from the top of the well casing. 

Measure and record the depth to the pump from the top of the well casing, if possible. 

Record any pump installation data that are available. 

Record time that flow testing begins. 

The following measurements should be taken during the pumping period: 

Pumping rate – measure at the start of the test; at five minute intervals during the 

initial stages of the test; at 10 minute intervals during the latter stages of the test; 

and at the conclusion of pumping. Adjust flow controls as necessary to maintain 

the optimal 5 gpm pumping rate. 

Water level – measure at the start of the test; at one or two minute intervals during 

the first 10 to 20 minutes; at five minute intervals during the remainder of the 

pumping period; and at the conclusion of pumping. 

Terminate pumping if the water level drops within 5 feet of the pump, so the pump is not 

damaged by running it dry. 

Record time that flow testing ends. 

At the conclusion of the pumping test, commence recovery measurements in accordance 

with the following guidelines: 

0 – 5 minute interval: every 30 seconds 

5 - 10 minute interval: every 60 seconds 

10 - 20 minute interval: every two minutes 

20 - 60 minute interval: every five minutes 



 

Appendix B – Private Well Yield Testing Protocol  

Page B-3 

If after one hour the level of recovery is less than 50% of the depth of drawdown, continue 

to measure water levels at five minute intervals until water level has recovered to 90% of 

the depth of drawdown or until three hours since the start of recovery, whichever occurs 

first. 

Tabulate pumping rate, drawdown and recovery data, and prepare a graph of water level 

vs. time. 

Well yield can be calculated from specific capacity by multiplying the available drawdown in the 

well (the distance between the static water level and the normal pump setting in feet) with the 

specific capacity (units in gallons per minute per feet of drawdown), the result having the units of 

gpm. This calculated yield takes into consideration both the storage capacity of the well and the 

aquifer performance under the limited conditions of the specific capacity test.  

SC=R/D 

Where: SC = specific capacity (gpm/ft), R = adjusted discharge rate (gpm), and D = total 

drawdown (ft.) 

R = (Vt - Vs) / t 

Where: Vt = total volume of water discharged during test (gallons), Vs = volume of water 

discharged from borehole storage (gallons), and t = duration of the test (minutes). 

Vs = 23.5D r2 

Where: Vs = volume of water discharged from borehole storage (gallons), D = total drawdown 

(feet), r = well radius in feet. 

(Note, for a standard 6-1/2 inch diameter well, Vs = 1.72 gal./ft. X D) 

Yield (gpm) = AD x SC 

Where: AD = available drawdown (ft) = depth to pump intake - static water level - 5 ft. 
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Well storage may be overemphasized in specific capacity tests. Unlike a long-duration test of a 

high-performance, industrial well, a short-duration test of a low-yielding well, especially a deep 

well, may result in borehole storage water representing most of the water discharged during the 

test. A borehole storage problem becomes significant if the specific capacity is then multiplied by 

the available drawdown to calculate a yield. A poor-performing, unreliable well can appear to have 

a relatively good yield when borehole storage is large relative to the specific capacity. Mountain 

Valley will document both specific capacity from the test, and calculated well yield.  

Yield Testing Protocol for Inaccessible Wells - Peak Demand Test 

The Peak Demand Test (PDT) will be used if a well is inaccessible for direct monitoring of water 

level during pumping and recovery. The PDT is used to simulate well usage during peak demands, 

and does not provide an actual yield value. It only tests a delivery system’s ability to provide water 

to the user.  

Procedure 

The test will be performed by running the water from an outdoor spigot or indoor faucet. 

If possible, well plumbing fixtures, such as the pressure shutoff switch, sediment filter and 

pressure tank may need to be by-passed or disconnected to maintain a stable, steady flow 

rate.  

Ensure that the discharged water is collected, or discharged away from the well so that it 

does not artificially recharge the well. 

Open spigot or faucet for flow at 5 gpm for 15 minutes and then stop flow for recovery for 

15 minutes.  

The on/off pumping cycles are repeated for 4 hours or until the well fails, whichever comes 

first. 

Record time at the beginning and end of each cycle. 
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The discharge rate (flow rate) will be recorded every 5 minutes (three times per pumping 

cycle).  

If the pump intake breaks suction and the discharge rate drops noticeably, record the time 

when this occurs.  

The parameters of the PDT must be carefully recorded. Maintaining a constant discharge rate can 

be difficult to achieve because an in-place water delivery system for a home can be difficult to 

control and the discharge rate may decline as the test advances. 

Because the PDT does not require entry to the well bore, liability concerns from well damage are 

less. The test also provides a means of testing water supplies not physically accessible for water 

level measurements. A disadvantage of the test is that the PDT takes longer to perform than the 

short-duration specific capacity test. Because of the on-and-off cycles, the PDT will not adequately 

test the well if its duration is shortened to less than 4 hours. The PDT should only be allowed 

where borehole access requires an extraordinary effort, or the well owner does not authorize entry. 
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Draper Aden Associates (DAA) prepared this document (which may include drawings, specifications, reports, studies and attachments) in 

accordance with the agreement between DAA and Mountain Valley Pipeline, LLC. 

 

The standard of care for all professional engineering, environmental and surveying and related services performed or furnished by DAA under this 

Agreement are the care and skill ordinarily used by members of these professions practicing under similar circumstances at the same time and in 
the same locality.  DAA makes no warranties, express or implied, under this Agreement in connection with DAA’s services. 

 

Conclusions presented are based upon a review of available information, the results of our field studies, and/or professional judgment.  To the best 
of our knowledge, information provided by others is true and accurate, unless otherwise noted. 

 

Any reuse or modification of any of the aforementioned documents (whether hard copies or electronic transmittals) prepared by DAA without 
written verification or adaptation by DAA will be at the sole risk of the individual or entity utilizing said documents and such use is without the 

authorization of DAA.  DAA shall have no legal liability resulting from any and all claims, damages, losses, and expenses, including attorney’s 

fees arising out of the unauthorized reuse or modification of these documents.  Client shall indemnify DAA from any claims arising out of 
unauthorized use or modification of the documents whether hard copy or electronic. 
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1.0 INTRODUCTION   

Mountain Valley Pipeline, LLC (Mountain Valley), a joint venture between EQT Midstream 

Partners, LP and affiliates of NextEra Energy, Inc., WGL Holdings, Inc. Vega Energy Partners, 

Ltd., RGC Midstream, LLC, and Con Edison Gas Midstream, LLC, is seeking a Certificate of 

Public Convenience and Necessity from the Federal Energy Regulatory Commission (FERC) 

pursuant to Section 7(c) of the Natural Gas Act authorizing it to construct and operate the proposed 

Mountain Valley Pipeline (MVP) Project located in 17 counties in West Virginia and Virginia. 

Mountain Valley plans to construct an approximately 301-mile, 42-inch-diameter natural gas 

pipeline to provide timely, cost-effective access to the growing demand for natural gas for use by 

local distribution companies, industrial users and power generation facilities in the Mid-Atlantic 

and southeastern markets, as well as potential markets in the Appalachian region. 

The proposed pipeline will extend from the existing Equitrans, L.P. transmission system and other 

natural gas facilities in Wetzel County, West Virginia to Transcontinental Gas Pipe Line Company, 

LLC’s (Transco) Zone 5 compressor station 165 in Pittsylvania County, Virginia. In addition to 

the pipeline, MVP project components will include approximately 171,600 horsepower of 

compression at three compressor stations along the route, as well as measurement, regulation, and 

other ancillary facilities required for the safe and reliable operation of the pipeline. The pipeline is 

designed to transport up to 2.0 million dekatherms per day (MMDth/d) of natural gas. Resource 

Report 1 provides a complete summary of the MVP project and a general location map of the MVP 

components. 

This Karst Hazards Assessment (KHA) presents the results of desk top review and field 

reconnaissance identifying karst hazards. The KHA is part of the MVP Resource Report 6, which 

was prepared and organized according to the FERC Guidance Manual for Environmental Report 

Preparation (August 2002). Resource Report 6 describes existing geologic setting and resources, 

potential impacts, geologic hazards and mitigation in relation to MVP components. 

Mountain Valley previously submitted interim drafts of the KHA to FERC in October 2015 and 

April 2016 that identified karst features and associated hazards along the initial proposed 

alignment and various alternatives of the MVP. The current KHA submitted herein presents an 
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assessment of karst features and associated hazards within 1/4-mile of the currently proposed route 

as of February 2017.  
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2.0 KARST FEATURES AND ASSOCIATED HAZARDS    

Figure 1 illustrates the proposed MVP alignment and alternatives (including the currently 

proposed route) that are underlain by karst terrain. Figure 2 and Figure 3 illustrate more detail in 

terms of MVP alignment and alternatives underlain by karst terrain in West Virginia and Virginia, 

respectively. 

Karst features within ¼-mile (generally termed the secondary karst buffer) and within 150 feet 

(corresponding to the construction easement) of the currently proposed route were identified 

through desktop review of public and proprietary data (discussed below). Field confirmation was 

completed on properties where landowners allowed access in order to verify the desk top review 

results and identify previously unmapped karst features.  

Karst features identified within the secondary karst buffer (¼ mile) and the construction easement 

(150 feet) are summarized in Table 2, and are illustrated in Map Sheets 1 through 37 in Appendix 

A. Karst features associated with minor potential for impact are highlighted in yellow, and with 

moderate potential for impact in orange. Mountain Valley made numerous adjustments to the 

proposed MVP alignment to avoid significant karst features (note that there are no red highlighted 

karst features or concerns in Table 2). Karst features that are at negligible risk from pipeline 

construction, or pose negligible risk to pipeline construction and long-term operation, are not 

highlighted in color in Table 2.  

Mountain Valley prepared a Karst Mitigation Plan (under separate cover) that provides mitigation 

protocols for karst features that cannot be avoided through minor variations within the construction 

easement. Mountain Valley will deploy Karst Specialist inspection teams during construction to 

monitor karst features and provide recommendations for avoidance or mitigation.  

2.1 Methods for Desktop Review and Field Reconnaissance 

The KHA was completed under the direction of the Project Karst Specialist, who holds 

qualifications of a professional geologist having direct work experience with karst hydrology and 

geomorphic processes. The Karst Specialist team has over 140 years of combined direct field 

experience evaluating karst features in southern West Virginia and Southwest Virginia (the 

vicinity of the proposed MVP alignment).  
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Desk top analysis and field reconnaissance was focused on a 1/4-mile buffer from the proposed 

alignment (termed herein the secondary karst buffer), which incorporated the 150-foot lateral 

construction easement. The secondary karst buffer was expanded beyond ¼-mile where the 

likelihood of karst feature occurrence was deemed to be high. Certain carbonate bedrock 

formations in southern West Virginia and southwest Virginia are more prone to karstification than 

are others, and the desktop review and field reconnaissance were focused accordingly.  

Desk top analysis included review of publicly available data sources, and data provided by the 

Virginia Speleological Survey (VSS) or West Virginia Speleological Survey (WVASS). Location 

information for many karst features was taken from information collected by volunteer amateur 

cavers, continuously compiled since the early 1940s. Many of these historically-documented karst 

features, originally mapped on 15-minute USGS topographic quadrangle maps, were transcribed 

onto more modern 7.5-minute topographic maps and location coordinates estimated. It is noted 

that information included in the desk top review that was provided by the VSS or WVASS are not 

associated with guarantees by these sources for accuracy or correctness of any information.  Field 

verification was conducted (where property owner permission was granted) to verify a mapped 

karst feature and to identify previously undocumented karst features.   

The KHA greatly expanded the knowledge base regarding local karst features. More than 12 new 

cave features were identified. Numerous previously undocumented springs and insurgences were 

identified and mapped. As well, locations of previously identified features were confirmed and 

updated. Equally important to identifying karst features, is documenting a lack of karst features in 

areas that previously had little to no historic karst review. Direct interaction with property owners, 

commenters, and state agencies during the KHA process facilitated karst feature identification and 

this additional knowledge will serve as an asset to future karst research efforts. Mountain Valley 

adjusted the proposed alignment in numerous locations to avoid karst features and mitigate 

associated hazards using the information gathered through the current and previous KHA efforts. 

2.2 Coordination on Geologic Formation Names 

The discussion of karst-related hazards presented below includes references to specific geologic 

formations, and to support that discussion the generalized stratigraphic column from McDowell 

and Schultz (1990) is presented below, to identify the major rock types in the karst area.  
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From McDowell and Schultz, 1990 
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For added clarity, we note that geologic formations comprising the local karst terrain are referred 

to by different names, particularly between practitioners in West Virginia versus Virginia. The 

geologic mapping work of McDowell and Schultz (1990) presented a useful correlation for 

formation names, as reproduced below (Table 1).   
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From McDowell and Schultz, 1990 
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From McDowell and Schultz, 1990 
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2.3 Karst Features Identified  

Karst features located within the secondary karst buffer (minimum ¼-mile) and construction 

easement (minimum 150-feet) of the proposed MVP alignment are summarized in Table 2.  The 

karst features presented in the summary table were mapped or otherwise recorded through desktop 

review. Features that were further characterized through field observation are specifically noted in 

Table 2. A description of the feature, potential impact to avoid or mitigate, and recommendations 

are included in Table 2. Note the color-code system for karst features (e.g., white is negligible 

risk; red is notable risk, etc.). The karst features identified in Table 2 are also shown in the 

corresponding Map Set provided in Appendix A.  Note that the karst features listed in the specific 

route table includes a cross-reference to the map sheet. Each karst feature listed on Table 2 is 

associated with a unique identifier number for cross reference to route maps (see Map Sheets in 

Appendix A). 

2.4 Karst Feature Mitigation 

Refer to the MVP Karst Mitigation Plan for a detailed discussion on karst hazard mitigation 

where an identified feature cannot be reasonably avoided within a proposed construction easement, 

or where an unidentified feature is encountered during construction.  
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2.6 Figures 1 Through 3 
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Map Sheets (1-37) for Karst Hazards Assessment 

 



Mile Post Sheet # Feature Identification Field Confirmed? Description (Note, left and right location references are relative to increasing milepost on proposed alignment) Potential Impacts and Recommendations for Avoidance / Mitigation County

172.90 1 of 37 Contact - begin limestone Yes Northern extent of karst terrain (approximate). n/a Summers

173.28 1 of 37 Sinkhole Yes Sinkhole mapped approximately 240 feet to right (Southwest). See Note (1) at bottom of table  Summers

173.34 2 of 37 Sinkhole Yes Sinkhole approximately 280 feet left (Northeast). Proposed MVP crosses surface drainage leading to sinkhole. See Note (1) at bottom of table  Summers

173.62 2 of 37 Sinkhole Yes Sinkhole approximately 400 feet right (Southwest).  Proposed MVP crosses surface drainage leading to sinkhole. See Note (2) at bottom of table  Summers

173.70 2 of 37 Spring Yes Small spring approximately 260 feet right (west). 

Proposed alignment is topographically above the spring. In general, uncontrolled storm water or 

other construction-related fluid from the Limit of Disturbance could impact the spring and stream. 

Field reconnaissance indicates negligible risk for impact to the karst feature and BMPs will prevent 

incidental impacts. Construction may encounter pinnacled bedrock or unstable soil. See Note (2) 

for recommendations.  Construction may encounter shallow groundwater and bedrock. See Note 

(2) for recommendations, with particular emphasis on enhanced BMPs to prevent fluid and 

sediment migration to spring and stream.  

Summers

173.78 2 of 37 Sinkhole Yes Compound sinkhole approximately 500 feet right (southwest) of the proposed alignment. See Note (1) at bottom of table  Summers

174.02 2 of 37 Sinkhole Yes Sinkhole edge approximately 30 feet to left (east) of proposed MVP alignment. See Note (2) at bottom of table  Summers

174.22 2 of 37 Contact - end limestone Yes End of limestone area (approximate). n/a Summers

191.60 3 of 37 Contact - begin limestone Yes Short section of Union Limestone. n/a Monroe

191.86 3 of 37 Losing Stream, Insurgence Yes Below the pond there is an area where a minor stream sinks into the ground. Elevation of sink is about 30 feet above creek base level. See Note (2) at bottom of table  Monroe

192.04 3 of 37 Springs (2) Yes
440 feet left (southeast), and 105 feet southwest of Access Road MVP-MO-230, is a small wet weather seep. 705 feet left (southeast), and 370 feet 

southwest of Access Road MVP-MO-230, is a spring.
n/a Monroe

194.84 4 of 37 Contact - begin dolomite No
Begin dolomite area (approximately). St. Clair thrust fault (ancient, inactive fault). This area historically known to have extensive and well documented cave 

and karst development. High karst potential with significant cave and karst feature development.
n/a Monroe

195.18 4 of 37 Sinkhole No
Sinkhole mapped by desktop review approximately 100 feet to right (west) of the proposed alignment. An additional sinkhole is located approximately 150 

feet to the right (west).
See Note (3) and Note (2) at bottom of table  Monroe

195.30 4 of 37 Sinkhole No Sinkholes mapped by desktop review more than approximately 800 feet right (west) of alignment See Note (3) and Note (1) at bottom of table  Monroe

195.30 4 of 37 Contact - begin limestone No Begin limestone area (approximately). High karst feature potential. n/a Monroe

195.35 4 of 37 Sinkhole and Cave No Bobcat Cave, described as a small room located in a large sinkhole, location uncertain, approximately 1100 feet to right (west). Mapped by desktop review. See Note (3) and Note (1) at bottom of table  Monroe

195.41 4 of 37 Sinkhole No Open throat sinkhole located approximately 600 feet right (west) of the proposed alignment. Mapped by desktop review. See Note (3) and Note (1) at bottom of table  Monroe

195.42 4 of 37 Spring and Cave No

Rich Creek Spring (headwaters of Rich Creek, water supply for Red Sulphur PSD and Town of Peterstown, WV), Rich Creek Cave, and Rich Creek Fish 

Hatchery were mapped approximately 1,500 feet right (west) of the proposed alignment. The proposed alignment is at a higher elevation than the spring 

which distances it from potential impact. However, the presence of sinking streams and open throat sinkholes could provide direct conduit to the subsurface 

flow. 

MVP contacted the Red Sulphur Public Service District and is providing support to the PSD to 

develop a contingency plan to ensure no interuption of water service during construction. Also, see 

Note (2) and Note (3) at bottom of this table

Monroe

195.52 4 of 37 Sinkhole No Sinkhole located approximately 80 feet left (east) of the proposed alignment See Note (2) and Note (3) at bottom of table  Monroe

195.56 4 of 37 Sinkhole No Several sinkholes mapped by desktop review approximately 250 feet to the right (west) of the proposed alignment. See Note (1) and Note (3) at bottom of table  Monroe

195.72 4 of 37 Contact - limestone No End of limestone area (approximately) n/a Monroe

196.80 5 of 37
Contact - Tonoloway 

limestone
Yes Several short sections of Tonoloway limestone. n/a Giles

198.48 6 of 37
Contact - limestone to 

dolomite 
Yes

Begin dolomite area (Knox Group). Medium karstification potential. Complex structural disconformity due to ancient thrust faulting (Narrows Fault), 

preferential hydrology, possible voids.
n/a Giles

200.20 8 of 37 Sinkhole No Sinkholes located greater than 1,000 feet left (Northeast) of alignment See Note (1) and Note (3) at bottom of table  Giles

200.73 9 of 37
Contact - dolomite to 

limestone
Yes End dolomite area (Knox Group). Begin limestone (undivided) area. High karst feature potential. n/a Giles

200.85 9 of 37 Lhoist Cave Yes Lhoist Cave is located approximately 370 feet right (southwest) of the proposed alignment. See Note (1) at bottom of table  Giles

201.00 9 of 37 Several sinkholes Yes
Several sinkholes approximately 400 to 1,000 feet to left (northeast) of proposed alignment, distributed approximately linearly along a southwest trending 

surface drainage. 
See Note (1) at bottom of table  Giles

201.40 9 of 37 Sinkhole complex Yes
Sinkhole complex approximately 1,000 feet right (southwest) and on the other side of a topographic high from the proposed alignment. Spring and swallet 

associated with sinkhole.
See Note (1) at bottom of table  Giles

201.66 10 of 37 Sinkholes Yes
Sinkholes observed approximately 80 feet left and 60 feet right of proposed MVP alignment. Another cluster of sinkholes further to the right (southwest) 

prevents avoidance of sinkholes altogether.
See Note (2) at bottom of table Giles

202.05 10 of 37 Sinkhole Yes A small natural opening is within 50 feet left (northeast) of alignment in an area of cutter and pinnacle karst. Possible cutter or even animal hole. See Note (2) at bottom of table Giles

202.08 10 of 37 Cave Yes Crooks Crevice, 50-foot pit along roadside approximately 800 feet right (southwest) of proposed alignment. See Note (1) at bottom of table  Giles

202.32 10 of 37 Contact - limestone Yes End of limestone (undivided) area n/a Giles

202.73 11 of 37 Spring Yes Small spring approximately 830 feet left (northeast) of alignment that serve as livestock watering sources. See Note (1) at bottom of table  Giles

204.06 12 of 37 Spring No Little Stoney Spring is located approximately 1,100 feet right (south) of proposed MVP alignment. See Note (1) and Note (3) at bottom of table  Giles

205.02 13 of 37 Contact - begin limestone Yes
Begin limestone (undivided) area. Upper limestone contact in drainage swale with high potential for voids in bedrock. High karst potential with significant 

cave and karst feature development. 
Karst Specialist Team to provide more intensive inspection during construction Giles

205.02 13 of 37 Cave Yes Eight Point Pit entrance is approximately 250 feet right (West). See Note (1) at bottom of table  Giles

205.04 13 of 37 Cave Yes Williams Contact Shaft entrance is approximately 500 feet right (west). See Note (1) at bottom of table  Giles

205.20 13 of 37 Cave Yes
High Voltage Cave is located approximately 140 feet left (east), in APCO high voltage electric transmission easement clearing. The area southwest of the 

electric line has large bedrock benches and pinnacles.
See Note (2) at bottom of table Giles

205.20 13 of 37 Note Yes
Exposed bedrock, heavy benches, thin overburden mantle. This observation is characteristic of the relatively near vicinity of the proposed alignment and not 

limited to the specific mile post.
n/a Giles

205.45 13 of 37 Sinkhole Yes Shallow sinkhole approximately 250 feet left (northeast) of proposed alignment. See Note (1) at bottom of table  Giles

205.48 13 of 37 Sinkhole and cave Yes
Sinkhole is approximately 150 feet left (northeast) of MVP alignment. Conklin Sink Cave entrance is approximately 440 feet left (east) of alignment.  

Proposed MVP alignment crosses watershed surface drainage to Conklin Sink Cave.
See Note (2) at bottom of table Giles

205.69 14 of 37
Contact - limestone to 

dolomite
Yes End of undivided  limestone area. Begin dolomite area (Knox Group). Moderate karst feature potential. n/a Giles

205.89 14 of 37 Sinkhole Yes Sinkhole observed approximately 50 feet left (northeast). See Note (2) at bottom of table Giles

206.90 15 of 37
Contact - dolomite to 

limestone
Yes End of dolomite area. Begin limestone (undivided) area. Exposed bedrock, benches, pavement, pinnacles, thin overburden mantle. n/a Giles

207.55 16 of 37 Contact - end limestone Yes End of  limestone (undivided) area. Exposed bedrock, benches, pavement, pinnacles, thin overburden mantle. n/a Giles

207.72 16 of 37 Swallet No
Sinking stream dye traced to Doe Creek Spring on New River by VaDCR. Approximately 430 feet to right (south) of proposed alignment. No sink point was 

identified during field review (wet weather).
See Note (1) and Note (3) at bottom of table  Giles

208.67 17 of 37 Contact - begin limestone Yes Begin limestone (undivided) area. High karst feature potential. n/a Giles

208.85 17 of 37 Sinkhole Yes Sinkhole on east side of access road, approximately 1,000 feet right (southwest) of alignment. See Note (1) at bottom of table  Giles

Table 2   Karst Features and Hazards Analysis - Proposed FERC 5.0.0 Alignment (Refer to Karst Review FERC 5.0.0 Sheets 1-37 that are referenced in this Table).  

Key:

= Significant potential for impact - Alignment adjustments to avoid karst features removed all areas of significant concern

= Moderate potential for impact - Additional evaluation during construction may be required

= Minor potential for impact - Highlighted for construction inspection

= Negligible potential for impact
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209.00 17 of 37 Swallet, Losing stream Yes Crossing a losing stream. Multiple stream sink points mapped by desktop review approximately 760 feet left (northeast) of proposed alignment. See Note (1) at bottom of table  Giles

209.10 17 of 37 Sinkhole Yes Proposed MVP alignment is on edge of sinkhole, to left (northeast). See Note (2) at bottom of table  Giles

209.30 17 of 37 Cave Yes Pighole cave system located more than 1/4-mile left (northeast) of proposed alignment. n/a Giles

209.33 17 of 37 Cave Yes Echols Cave approximately 970 feet right (southwest) of alignment, and 150 feet above proposed access road. n/a Giles

209.62 18 of 37 Contact - end limestone Yes End of undivided  limestone area. Begin dolomite area (Knox Group). Moderate karst potential. n/a Giles

209.75 18 of 37 Sinkhole Yes Compound sinkhole approximately 150 feet right (south). Additional sinkholes in vicinity farther away. See Note (2) at bottom of table  Giles

209.95 19 of 37 Sinkhole Yes Sinkhole approximately 660 feet to right (southeast). See Note (1) at bottom of table  Giles

210.54 19 of 37 Sinkhole Yes Sinkhole approximately 80 feet to left (north). See Note (2) at bottom of table  Giles

210.62 19 of 37 Sinkhole Yes Several sinkholes to left (south) approximately 170 feet or more. See Note (1) at bottom of table  Giles

210.65 19 of 37
Contact - dolomite to 

limestone
Yes Begin limestone (undivided) area. This area has been historically known to contain caves and karst features. High karst feature potential. n/a Giles

211.05 19 of 37 Cave, Spring Yes
Tawneys Cave and Spring at base of hill and road embankment. Two cave entrances approximately 800 feet to left (northeast) of alignment. Extent of 

Tawney's cave does not extend beneath the alignment.
n/a Giles

211.39 19 of 37 Sinkholes Yes Two sinkholes approximatley 200 feet and 350 feet left (northeast) of the alignment. See Note (1) at bottom of table  Giles

211.45 19 of 37 Contact - end limestone Yes Undivided limestone ends, Martinsburg siliciclastics begin. n/a Giles

211.66 20 of 37 Cave Yes Hog Hole No. 2.  A small cave approximately 140 feet to right (southwest). See Note (2) at bottom of table  Giles

211.67 20 of 37 Contact Yes Narrow band of limestone. Hog Hole Cave associated with this formation. n/a Giles

212.43 20 of 37 Contact - begin dolomite Yes Saltville thrust fault (ancient, inactive fault) disconformity. Preferential hydrology, possible voids n/a Giles

212.85 21 of 37 Contact Yes Narrow band of undivided limestone and Honaker / Nolichucky dolomite. n/a Giles

213.08 21 of 37 Sinkhole Yes Sinkhole approximately 350 feet left (northeast) of alignment. See Note (1) at bottom of table  Giles

214.03 22 of 37 Sinkholes Yes Several sinkholes between 50 and 150 feet left (northwest) of the proposed alignment See Note (2) at bottom of table  Giles

214.26 22 of 37 Spring Yes Proposed alignment cuts immediately above and approximately 100 feet left of a large spring at the convergence of two topographic drainage features.
Primary concern is the potential to disrupt the spring hydrology and compromising the spring water 

flow. See Note (2) at bottom of this table
Giles

214.39 22 of 37 Sinkholes Yes Several sinkholes in vicinity of a proposed access road. n/a Giles

214.67 23 of 37 Sinkholes Yes Two (2) sinkholes in vicinity of proposed access road. n/a Giles

214.86 23 of 37 Spring Yes
Large spring located approximately 360 feet right (east) and upstream of the proposed alignment. Alignment crosses the spring's stream. The source is most 

likely from the flank of the mountain to the northeast.
See Note (2) at bottom of table  Giles

214.98 23 of 37 Cave Yes Canoe Cave is located approximately 1,000 feet right (southeast) of the alignment. See Note (1) at bottom of table  Giles

215.01 23 of 37 Sinkhole Yes Sinkhole containing debris approximately 240 feet right (southeast) of proposed alignment. See Note (1) at bottom of table  Giles

215.24 23 of 37 Sinkhole Yes Sinkhole approximately 50 feet right (southeast) of proposed alignment. See Note (2) at bottom of table  Giles

215.35 23 of 37 Sinkhole Yes Sinkhole approximately 440 feet right (southeast) of the proposed alignment. See Note (1) at bottom of table  Giles

215.59 24 of 37 Contact - begin limestone Yes End of dolomite area (Knox). Begin limestone (undivided) area. High karst feature potential. n/a Giles

215.60 24 of 37 Sinkholes Yes Two sinkholes approximately 410 feet right (southeast) of proposed alignment. See Note (1) at bottom of table  Giles

215.91 24 of 37 Sinkhole Yes Sinkole approximately 280 feet left (northwest) of proposed alignment. See Note (1) at bottom of table  Giles

216.22 24 of 37 Cave, Stream insurgence Yes
A possible cave with stream insurgence approximately 240 feet right (southeast) of the proposed alignment. The alignment is in the vicinity of the insurgence 

drainage and karst related features may be relatively near the surface.
See Note (2) at bottom of table  Giles

216.52 25 of 37
Cave, spring, stream 

insurgence and sinkholes
Yes

Jones Cave, a large spring, and sinkholes, one with a stream insurgence are 400 to 600 feet left (northwest) of the proposed alignment. The proposed 

alignment also crosses the watershed leading to the sinkholes and crosses the conveyance of a spring-fed stream where the spring is located upslope of the 

proposed alignment. A proposed access road along existing private and farm roads is located near the sinkholes and Jones Cave.

See Note (2) at bottom of table  Giles / Craig

216.65 25 of 37 Spring Yes A spring that serves three (3) houses, located approximatley 800 feet right (southeast) of proposed alignment See Note (1) at bottom of table  Giles

216.89 25 of 37 Sinkholes Yes
Two (2) sinkholes just left (west) and along workspace of the proposed alignment, and a historic report of a filled sinkhole approximately 300 feet left 

(northwest) of the proposed alignment.
See Note (2) at bottom of table  Giles

217.03 25 of 37 Sinkhole Yes Sinkhole approximately 120 feet right (east) of the proposed alignment. See Note (2) at bottom of table  Craig

217.13 25 of 37 Sinkholes Yes Sinkhole approximately 50 feet left (northwest) of the proposed alignment. Additional sinkholes approximately 320 and 370 feet left. See Note (2) at bottom of table  Craig

217.24 25 of 37 Sinkhole Yes Sinkhole 180 feet left (northwest) of the proposed alignment. See Note (1) at bottom of table  Craig

218.09 26 of 37 Sinkhole Yes A sinkhole is located approximately 230 feet left (north) of the proposed alignment. See Note (1) at bottom of table  Craig
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Mile Post Sheet # Feature Identification Field Confirmed? Description (Note, left and right location references are relative to increasing milepost on proposed alignment) Potential Impacts and Recommendations for Avoidance / Mitigation County

Table 2   Karst Features and Hazards Analysis - Proposed FERC 5.0.0 Alignment (Refer to Karst Review FERC 5.0.0 Sheets 1-37 that are referenced in this Table).  

Key:

= Significant potential for impact - Alignment adjustments to avoid karst features removed all areas of significant concern

= Moderate potential for impact - Additional evaluation during construction may be required

= Minor potential for impact - Highlighted for construction inspection

= Negligible potential for impact

Updated for MVP October 2016 Proposed Route

218.15 26 of 37
Cave and stream 

insurgence sinkhole
Yes

Possible cave entrance and stream insurgence within an open throat sinkhole approximately 140 feet left (northeast), and about 40 feet down a very steep hill 

from the proposed alignment. The alignment is likely downstream of the insurgence drainage and karst related features may be relatively near the surface.
See Note (2) at bottom of table  Craig

218.20 26 of 37 Contact Yes End of limestone area (approximate). n/a Craig

221.70 27 of 37

Contact - Pulaski Fault, 

begin dolomite. Begin 

Mount Tabor sinkhole plain

Yes

Approximate beginning of Mt Tabor sinkhole plain (MP 221.70). Approximate location of Pulaski Fault. Geology is poorly mapped in this area. This area is 

historically known to have extensive and well documented cave and karst development. Dye traces  in the Mount Tabor sinkhole plain indicated that karst 

water flow toward Slussers Chapel Cave and Mill Creek Cave and spring in the TNC-DCR natural area preserve.

See Note (2) and Note (3) at bottom of table. MVP is evaluating an alternate alignment to avoid 

the sinkhole plain to the extent practical. The desk top review of the alternate route suggests less 

karstification; field work is underway to verify. See Note (3) at bottom of table for certain 

properties.

Montgomery

221.86 27 of 37 Note, Stream insurgence Yes Alignment stream crossing in vicinity of Pulaski Fault, edge of karst area, Stream insurgence approximately 150 feet left. See Note (2) at bottom of table  Montgomery

221.93 27 of 37 Cave, Stream insurgence Yes Slusser Chapel Cave and stream insurgence are approximately 3,000 feet downstream of the proposed alignment. n/a Montgomery

222.26 27 of 37 Sinkhole Yes Sinkhole approximately 430 feet right (southeast). See Note (1) and Note (3) at bottom of table  Montgomery

222.40 28 of 37 Stream insurgence No
A stream insurgence is located approximately 2000 feet right, downstream. Dye trace indicates flow to Slussers Chapel Cave and Mill Creek Cave and 

spring.
See Note (1) at bottom of table  Montgomery

222.84 28 of 37 Note Yes Alignment stream crossing in vicinity of Pulaski Fault, edge of karst area. See Note (2) at bottom of table  Montgomery

223.25 28 of 37 Sinkhole Yes Sinkhole approximately 90 feet right (southwest). Several sinkholes trend to the southwest and appear to be distributed along a lineament. See Note (2) at bottom of table  Montgomery

223.33 28 of 37 Sinkhole Yes Sinkholes along alignment workspace. See Note (2) at bottom of table  Montgomery

223.34 28 of 37 Sinkhole Yes Open throat sinkhole approximately 70 feet left (north). See Note (2) at bottom of table  Montgomery

223.46 28 of 37 Sinkhole Yes Sinkhole along alignment workspace. See Note (2) at bottom of table  Montgomery

223.70 29 of 37 Sinkhole Yes Sinkhole approximatley 310 feet right (southwest). See Note (1) at bottom of table  Montgomery

224.00 29 of 37 Sinkhole Yes Sinkhole along alignment workspace. See Note (2) at bottom of table  Montgomery

224.06 29 of 37 Sinkhole Yes Sinkhole approximately 125 feet right (west). See Note (2) at bottom of table  Montgomery

224.33 29 of 37 Sinkhole Yes Sinkhole approximately 720 feet left (northeast), and approximately 150 feet below access road. See Note (1) at bottom of table  Montgomery

224.59 29 of 37 Sinkhole Yes Sinkhole approximately 40 feet right (southwest). See Note (2) at bottom of table  Montgomery

225.02 30 of 37 Sinkhole No Sinkhole approximately 470 feet right (south). See Note (1) and Note (3) at bottom of table  Montgomery

225.61 30 of 37 Sinkhole Yes Sinkhole approximately 195 feet right (west). See Note (1) at bottom of table  Montgomery

226.03 31 of 37 Cave Yes
Orr Pit No.1, No.2. Located along proposed access road MVP-MN-266. The immediate area contains several very small sinkholes likely indicating cutter 

and pinnacle bedrock surface.
Adjust access road alignment. Montgomery

226.18 31 of 37 Sinkhole Yes Sinkhole approximately 165 feet right (southwest). See Note (1) at bottom of table  Montgomery

226.20 31 of 37 Sinkhole Yes Sinkhole approximately 95 feet left (northeast). See Note (2) at bottom of table  Montgomery

226.39 31 of 37 Sinkholes Yes Several sinkholes approximately 240+ feet left (northeast). See Note (1) at bottom of table  Montgomery

226.51 31 of 37 Sinkholes Yes Several sinkholes approximately 145 feet left (northeast) along a lineament. See Note (2) at bottom of table  Montgomery

226.55 31 of 37 Sinkholes Yes Several sinkholes approximately 150 feet right (southwest) along a lineament. See Note (2) at bottom of table  Montgomery

226.89 32 of 37 Sinkhole Yes Sinkhole approximately 160 feet right (southwest) along a lineament. See Note (2) at bottom of table  Montgomery

226.83 32 of 37 Contact - limestone Yes Approximate section of Lincolnshire New Market, and Edinburg Limestones. High potential for karst development. n/a Montgomery

226.89 32 of 37 Sinkhole lineament Yes

Several sinkholes are mapped by desktop review within a linear cluster roughly perpendicular to the proposed MVP pipeline, ranging from approximately 

160 to 2,000 feet to the northeast and southwest. This lineament may represent a fracture or zone of weakness in the bedrock. There is a possibility of 

unconsolidated bedrock along this lineament extended. The access road also passes in the vicinity of these sinkholes.

See Note (2) at bottom of table  Montgomery

227.23 32 of 37 Spring, Cave Yes
Johnsons spring, water probably from the hollow to (northeast). Johnsons Cave carries a small stream and is approximately 430 feet right (southwest) of 

proposed MVP alignment. Several sinkholes located near Johnsons Cave and spring.
See Note (1) at bottom of table  Montgomery

227.53 32 of 37 Sinkhole lineament Yes
Sinkholes observed right (west). This lineament may represent a fracture or zone of weakness in the bedrock. There is a possibility of unconsolidated 

bedrock along this lineament extended.
See Note (1) at bottom of table  Montgomery

227.57 32 of 37 Losing Stream, Insurgence Yes
Losing stream and wet weather insurgence was observed approximately 100 feet right of proposed MVP alignment. May be associated with sinkhole 

lineament along ridge. Very likely contributes to the water flowing through Johnsons Cave and spring.
See Note (2) at bottom of table  Montgomery

227.70 32 of 37 Stream insurgence Yes Stream insurgence was observed approximately 600 feet left the proposed alignment. See Note (1) at bottom of table  Montgomery

227.70 32 of 37 Contact - end Limestone Yes Limestone ends. n/a Montgomery

234.21 34 of 37 Contact - begin dolomite Yes Elbrook dolomite begins. n/a Montgomery

234.43 34 of 37 Stream insurgence Yes A minor stream sinks approximately 140 feet right (southwest). See Note (2) at bottom of table  Montgomery

234.53 34 of 37 Sinkhole Yes
Numerous small sinkholes (about 6 feet diameter) likely indicate a cutter and pinacle bedrock surface between MP-234.50 and MP-234.70. These are along 

and to the left (east) of the alignment. 
See Note (2) at bottom of table  Montgomery

234.73 34 of 37 Sinkhole Yes Proposed alignment along steep edge of a 1.0 Ac., 34 foot deep sinkhole. See Note (2) at bottom of table  Montgomery

235.09 34 of 37 Sinkhole Yes Sinkhole approximately 160 feet left (east) of the proposed alignment. See Note (1) at bottom of table  Montgomery

235.13 34 of 37 Sinkholes Yes Two sinkholes approximately 65 feet right (southwest) of the proposed alignment. See Note (2) at bottom of table  Montgomery

235.79 35 of 37 Contact Yes Begin Rome Formation. Very limited karst potential. n/a Montgomery

235.79 36 of 37 Note Yes No karst features identified in this proposed alignment. n/a Montgomery

238.67 37 of 37 Contact Yes End Rome Formation. Karst assessment ends. n/a Montgomery

Notes:

(3) -

(1) -

(2) - The karst feature(s) and/or drainage is proximal to the Limit of Disturbance. In general, uncontrolled storm water or construction-related fluid release from the Limit of Disturbance could potentially impact groundwater or surface water via karst feature(s) or spring, and/or accentuate soil raveling and sinkhole formation. 

Field reconnaissance indicates negligible risk for impact to the karst feature or spring and BMPs will prevent incidental impacts. Construction may encounter pinnacled bedrock or unstable soil or shallow groundwater. Recommendations: Adjust the construction right-of-way to the extent practical to avoid a karst feature. If 

avoidance is not possible, refer to Karst Mitigation Plan for mitigation and stabilization; Do not convey stormwater or discharge construction-related fluid to a karst feature or drainage leading thereto; Implement Project-specific Erosion Sediment Control Plan and Spill Prevention Control and Countermeasures Plan.

In general, uncontrolled storm water or construction-related fluid release from the Limit of Disturbance could potentially impact groundwater or surface water via the karst feature(s) or spring, and/or accentuate soil raveling and sinkhole formation. Field reconnaissance indicates negligible risk for impact to the karst feature 

or spring and BMPs will prevent incidental impacts. Construction may encounter pinnacled bedrock or unstable soil or shallow groundwater. Recommendations: Do not convey stormwater or discharge construction-related fluid to a karst feature or drainage leading thereto; Implement Project-specific Erosion Sediment 

Control Plan and Spill Prevention Control and Countermeasures Plan.

The primary concern is that MVP was not permitted access to the property to field verify karst feature(s). See Note (1) or Note (2) above for recommendations. Further recommendations: Provide MVP permission to conduct field verification of the property for potential karst feature(s).
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Contact - Limestone, 
Begin limestone area (approx).

Sinkhole, 
Sinkhole ~280' left.
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Sinkhole ~400' right.
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Contact - Limestone, 
Begin limestone area (approx).

Contact - Limestone,
End of limestone area (approx)

Sinkhole, 
Sinkhole ~280' left.

Sinkhole, 
Sinkhole edge ~30' left.

Sinkhole, 
Sinkhole ~400' right.

Spring, A small 
spring 260' right.

Sinkhole, Compound 
sinkhole ~500' right.Sinkhole, 

Sinkhole ~240' right.
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Creek
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Contact - Limestone, 
Short section of Union Limestone.

Losing Stream, 
Very small stream sinks into ground.

Spring, 
Wet weather seep.

Spring, Spring.

Blue Lick Creek
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Contact - Dolomite, 
Begin Dolomite area (approx).

Contact - Limestone,
End of limestone
area (approx)

Sinkhole, 
Sinkhole ~80' left.

Sinkhole, Open throat 
sinkhole to right (approx).

Sinkhole, 
Sinkhole ~100' right.

Sinkhole, Several 
sinkholes to right.

Cave, Bobcat Cave, 
described as a small room 
located in a large sinkhole,
location uncertain.

Spring, Rich Creek Spring is large, 
serves a fish hatchery, headwater of 
Rich Creek which is back up water 
supply for Peterstown with intake 
approx 7.75 miles downstream..

Cave, Rich Creek Cave, 
Carries a large stream and trends 
eastward approx 900' (extent and 
vertical range unknown).

Contact - Limestone, 
Begin Limestone area (approx). 
This area historically known to have 
extensive cave and karst development. 
High karst feature potential.

Sinkhole, Several
sinkholes to right.
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Note, Several short 
sections of Tonoloway.
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Contact - Dolomite, 
Begin dolomite area. 
Medium karstification potential.

Fault, Complex structural disconformity 
due to ancient thrust faulting 
(inactive Narrows thrust fault), 
possible preferential hydrology, voids.
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Cave, Lhoist C
ave. 

Small ca
ve approx 370' rig

ht. 

Contact - 
Limestone, 

End dolomite, Begin lim
estone. 

High karst f
eature potential.

Sinkhole, Several
sinkholes 1000'+ left.
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Sinkhole, Sinkhole ~60' right.
Cave, Lhoist Cave. 
Small cave approx 370' right. 

Sinkhole, Sinkhole ~80' left.

Contact - Limestone, 
End dolomite, Begin limestone. 
High karst feature potential.

Sinkhole, Several 
sinkholes in region.

Sinkhole, Several

sinkholes 1000'+ left.

Sinkhole, Sinkhole 
complex 1000'+ right.
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Sinkhole, 
Sinkhole ~60' right.

Contact - Limestone, 
End of limestone area.

Sinkhole, 
Sinkhole ~80' left.

Sinkhole, Small natural 
hole in slight depression.

Cave, Small pit
approximately 50' deep 
at side of road.

Sinkhole, Sinkhole 
complex 1000'+ right.

Elderberry
Junc tion

Dry Branch Rd

Bu
ffa

lo A
nkl

ets
Dr

Buffalo Anklets Dr

Big Stony Ck Rd

Big S
ton

y C
k R

d

2400

2300

2100

200
0

2400

2300

2300

2200

21
00

20
00

2200

2000

2500

2300

Dry Bra
nch

201
.6

201
.7

201
.8

202
.0 202

.1 202
.2 202

.3

MP-
201.66

MP-
202.05

Martinsburg / Eggleston / Moccasin

Limestone - undivided

,

,

Crooks Crevice, (50', 50')
est 50' pit

small hole, grike, or animal hole

,

,

,

,
,

MP- 202.32

MP- 201.66

MP- 202.08

±

Alleghany

Botetourt
Craig

Giles Roanoke
Montgomery Salem

Pulaski

GreenbrierGreenbrier
Summers

Monroe

NAD 1983 UTM 17N 0 400200
Feet Do

cu
me

nt 
Pa

th:
 P:

\B1
4\1

00
\B1

41
88

B\B
14

18
8B

-00
\G

IS\
Ma

ps
_D

es
kto

p\F
ER

C-
50

0 M
ap

bo
ok

.m
xd

1:4,800

Geology: Geologic Map of Giles County, Virginia. 1986. Ed. E.K.Rader and T.M.Gathright II. Pub.69,
Virginia Dept. of Mines, Minerals and Energy
Caves: Douglas (1964); Holsinger (1975); Zokaites (1995), Va and WVa Speleological Surveys.
Contours: VA: VGIN 2007/2011 Terrain Models,WV: USGS 1/9 NED. For Visualization Only.
Sinkholes: VaDMME, http://dmme.virginia.gov/webmaps/DGMR
Appalachian Trail: https://www.appalachiantrail.org/about-the-trail/mapping-gis-data

Karst Features and 
Hazards Assessment

MVP October 2016 Proposed Route

09-30-16

Mountain Valley Pipeline Project

Legend

k Cave (Length, Depth)ESpring

ØØ# Swallet

!(l! Sinkhole

B Quarry / Mine

Known Cave Extent
Sinkholes VGIN-5ft
Sinkholes VaDMME
Select Sinkhole Watersheds
Fault
Lineament
150' Buffer, Primary Karst Review Zone
1320' Buffer, Secondary Karst Review Zone
MVP October 2016 Proposed Route

" MVP October 2016 Proposed Route Milepost
MVP October 2016 Proposed Access Roads
MVP October 2016 Proposed Permanent Easement
MVP October 2016 Proposed Temporary Work Space
MVP October 2016 Proposed Ancillary and ATWS

Sheet 10 of 37

VGIN Contour Disclaimer: "Any determination of topography or contours, or any depiction of
physical improvements, property lines or boundaries is for general information only and shall not
be used for the design, modification, or construction of improvements to real property or for
flood plain determination."

Aerials: USGS NAIP Series. Monroe Co. 10/27/2014; Giles Co. 10/02/2014; Montgomery Co. 10/25/2014.
Service Layer Credits: Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS User Community



Contact - Limestone, End of limestone area.

Spring, Springbox, 
water for livestock ~830' left.
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Spring, Little Stoney 
Spring, ~1100' right.
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Contact - Limestone, Begin limestone area. 
Historic cave review limited in this area. 
High karst feature potential.

Cave, Cave Williams Contact 
Shaft, ~75' pit, ~500' right.

Cave, Sinkhole, 
Conklin Sink Cave.
approximately 
440' left.

Contact - Dolomite, 
End limestone, Begin dolomite. 
Moderate karst feature potential.

Cave, High Voltage Cave. 
Entrance in electric r-o-w, ~140' left.

Sinkhole,
Small shallow
depression.Cave, Cave Eight Point 

Pit, ~75' pit, 250' right.

Casc
ade

 Dr

Archer Trl

Collins Ave

Ford Ln

Ko
w 

Ca
mp

 R
d

2700

2600

2200

2100

2400

2300

230
0

2200

210
0

200
0

250024
00

22
00

21
00

25
00

2400

20
00 Little Stony Creek

204
.5 204

.6 204
.7

204
.8

204
.9

205
.0

205
.3

205
.4

205
.5

,

Limestone - undivided

Marti
nsb

urg
 / E

ggle
ston

 / M
occ

asin
NCNR Easement

MP- 205.02

MP- 205.04

MP- 205.48

MP- 205.20
MP- 205.45MP- 205.02

Williams Contact Shaft, (75', 75')

Conklin Sink Cave, (unknown)
15' climb down ent.

Snidow Trash Sink, (unknown)
trash filled ent?

High Voltage Cave, (unknown)
can see in 15'.

,
very smallEight Point Cave, (100', 75')

,

±

Alleghany

Botetourt
Craig

Giles Roanoke
Montgomery Salem

Pulaski

GreenbrierGreenbrier
Summers

Monroe

NAD 1983 UTM 17N 0 400200
Feet Do

cu
me

nt 
Pa

th:
 P:

\B1
4\1

00
\B1

41
88

B\B
14

18
8B

-00
\G

IS\
Ma

ps
_D

es
kto

p\F
ER

C-
50

0 M
ap

bo
ok

.m
xd

1:4,800

Geology: Geologic Map of Giles County, Virginia. 1986. Ed. E.K.Rader and T.M.Gathright II. Pub.69,
Virginia Dept. of Mines, Minerals and Energy
Caves: Douglas (1964); Holsinger (1975); Zokaites (1995), Va and WVa Speleological Surveys.
Contours: VA: VGIN 2007/2011 Terrain Models,WV: USGS 1/9 NED. For Visualization Only.
Sinkholes: VaDMME, http://dmme.virginia.gov/webmaps/DGMR
Appalachian Trail: https://www.appalachiantrail.org/about-the-trail/mapping-gis-data

Karst Features and 
Hazards Assessment

MVP October 2016 Proposed Route

09-30-16

Mountain Valley Pipeline Project

Legend

k Cave (Length, Depth)ESpring

ØØ# Swallet

!(l! Sinkhole

B Quarry / Mine

Known Cave Extent
Sinkholes VGIN-5ft
Sinkholes VaDMME
Select Sinkhole Watersheds
Fault
Lineament
150' Buffer, Primary Karst Review Zone
1320' Buffer, Secondary Karst Review Zone
MVP October 2016 Proposed Route

" MVP October 2016 Proposed Route Milepost
MVP October 2016 Proposed Access Roads
MVP October 2016 Proposed Permanent Easement
MVP October 2016 Proposed Temporary Work Space
MVP October 2016 Proposed Ancillary and ATWS

Sheet 13 of 37

VGIN Contour Disclaimer: "Any determination of topography or contours, or any depiction of
physical improvements, property lines or boundaries is for general information only and shall not
be used for the design, modification, or construction of improvements to real property or for
flood plain determination."

Aerials: USGS NAIP Series. Monroe Co. 10/27/2014; Giles Co. 10/02/2014; Montgomery Co. 10/25/2014.
Service Layer Credits: Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS User Community



Contact - Limestone, Begin limestone area. 
Historic cave review limited in this area. 
High karst feature potential.

Cave, Sinkhole, 
Conklin Sink Cave.
approximately 
440' left.

Contact - Dolomite, 
End limestone, Begin dolomite. 
Moderate karst feature potential.

Cave, High Voltage Cave. 
Entrance in electric r-o-w, ~140' left.

Sinkhole,
Small shallow
depression.

Sinkhole, 
Sinkhole ~50' left.
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Contact - Limestone, End dolomite, 
Begin limestone. Exposed bedrock, 
benches, pavement, pinnacles, 
thin overburden mantle.

Contact - Limestone, 
End of limestone area
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Contact - Limestone, 
End of limestone area

Swallet, Sinking stream ~430' right.
Dye traced to Doe Creek Spring
on New River by DCR.
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Contact - Limestone, Begin limestone area. 
High karst feature potential with significant 
cave and karst feature development. Swallet, Multiple stream 

sink points along losing
stream, 760' left.

Cave, 
Pighole Cave System

Cave, Echols Cave
 ~150' above 
access road.

Sinkhole, Alignment 
along edge of sinkhole.

Sinkhole, Sinkhole 
beside access road.
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Sinkhole, Sinkhole ~150' right. 
Additional sinkholes in vicinity farther away.

Swallet, Multiple stream 
sink points along losing
stream, 760' left.

Cave, 
Pighole Cave System Contact - Dolomite, 

End limestone, Begin dolomite. 
Moderate karst feature potential.

Sinkhole, Several 
sinkholes to left, ~170'+.

Cave, Echols Cave
 ~150' above 
access road.

Sinkhole, 
Sinkhole ~660' right.
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Sinkhole, Several 
sinkholes to left, ~170'+.

Contact - Limestone, End dolomite, 
Begin limestone. High karst feature 
potential with significant cave and 
karst feature development.

Contact - Limestone, 
Narrow outcrop of limestone.

Cave, Tawneys and Smokehole Cave 
Systems and related springs. (upstream). 
Hydrologic system drains Clover Hollow.

Cave, Hog Hole 
No.2, ~140' right.

Contact, End
limestone area.

Sinkhole, 
Sinkhole ~80' to right.

Sinkhole, Sinkhole ~200' left. 
Second sinkhole at ~350'.
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Contact - Limestone, 
Narrow outcrop of limestone.

Contact - Dolomite, Small band of undivided 
limestone and Honaker / Nolichucky dolomite
 between sections of Knox dolomite.

Fault, Area of fault, structural disconformity, 
possible preferential hydrology, voids.
Contact - Dolomite,
Begin dolomite area.

Cave, Hog Hole 
No.2, ~140' right.

Contact, End
limestone area.

Sinkhole, Sinkhole ~200' left. 
Second sinkhole at ~350'.
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Contact - Dolomite, Small band of undivided 
limestone and Honaker / Nolichucky dolomite
 between sections of Knox dolomite.

Sinkhole, 
Sinkhole ~350' left.

Fault, Area of fault, structural disconformity, 
possible preferential hydrology, voids.
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Sinkhole, Several sinkholes
in vicinity of access road.

Cave, 
Canoe Cave, ~950' right.

Sinkhole, Several
sinkholes to left.

Spring, Large 
spring 360' right.

Sinkhole, Two sinkholes 
in vicinity of access road.

Spring, Alignment cuts 
above a large spring ~100' left..
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Contact - Limestone, 
End dolomite, Begin limestone. 
High karst feature potential.

Sinkhole, Several sinkholes
in vicinity of access road.

Cave, 
Canoe Cave, ~950' right.

Sinkhole, 
Sinkhole ~50' right

Sinkhole, Sinkhole containing 
farm debris, 240' right.

Spring, Large 
spring 360' right.

Sinkhole, Two sinkholes 
in vicinity of access road.

Sinkhole, 
Sinkhole, ~440' right.

Sinkhole, 
Sinkhole ~410' right.

Spring, Alignment cuts 
above a large spring ~100' left..
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Contact - Limestone, 
End dolomite, Begin limestone. 
High karst feature potential.

Sinkhole, Large
stream insurgence
in sinkhole filled with
farm trash.

Cave, Stream 
insurgence ~240' right.

Cave, 
Canoe Cave, ~950' right.

Sinkhole, 
Sinkhole ~50' right

Sinkhole, 
Sinkhole, ~440' right.

Sinkhole, 
Sinkhole ~280' left.

Sinkhole, 
Sinkhole ~410' right.

Spring, Large 
spring 800' left.

Sinkhole, Report of historic
sinkhole (1940s), filled.

Spring, Water supply
spring 800' right.
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Sinkhole, 
Sinkhole ~50' left.

Sinkhole, 
Sinkhole ~120' right.

Sinkhole, Large
stream insurgence
in sinkhole filled with
farm trash.

Sinkhole, Two sinkholes 
along workspace.Cave, Stream 

insurgence ~240' right.

Spring, Large 
spring 800' left.

Sinkhole, Report of historic
sinkhole (1940s), filled.

Sinkhole, 
Sinkhole ~180' left.

Spring, Water supply
spring 800' right.
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Cave, Stream insurgence in 
open throat sinkhole, ~140' left.

Sinkhole, 
Sinkhole ~50' left.

Sinkhole, 
Sinkhole ~120' right.

Sinkhole, 
Sinkhole ~180' left.

Sinkhole, Shallow 
sinkhole ~230' left.

Contact, End
limestone area.
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Cave, Fred Bulls Cave, 
Stream cave trending southeast. 
VaDCR dye trace 2004 shows flow 
to Slussers Chapel Cave, then to Mill 
Creek Cave and Spring.

Sinkhole, Losing 
streambed and swallets

Note, Begin drainage 
to Fred Bull sinkhole.

Coal Mine, Approx. 
area of old coal mine.

Note, Location of Pulaski Fault
approximated in this area.

Cave, Slussers Chapel Cave and stream 
insurgence. VaDCR dye trace 2004 shows 
flow to Mill Creek Cave and Spring.

Note, Stream crossing in vicinity of contact. 
Edge of Slussers Chapel sinkhole.

Sinkhole, 
Sinkhole ~430' right.
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Sinkhole, Sinkhole 
~90' right, along lineament.

Sinkhole, Sinkholes 
along alignment.

Sinkhole, Sinkholes 
along alignment.

Sinkhole, Sinkhole 
~70' left, open throat.

Sinkhole, 
Sinkhole ~310' right.

Note, Stream crossing 
in vicinity of contact.

Sinkhole, 
Sinkhole in workspace.
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Sinkhole, 
Sinkhole ~40' right.

Sinkhole, 
Sinkhole ~125' right.

Sinkhole, Sinkholes 
along alignment.

Sinkhole, Sinkholes 
along alignment.

Sinkhole, 
Sinkhole ~310' right.

Sinkhole, Sinkhole ~720' left, 
~150' below access road.

Sinkhole, 
Sinkhole ~470' right.

Sinkhole, 
Sinkhole in workspace.

Moun
t Ta

bor
 Rd

2200

2100

2100

200
0

2100

2000

1900
2200

2100

2100

200
0

2100

2000

2100

2000

2300

2200

2100

200
0

2100

2100

2100

223
.6

223
.7

223
.8

223
.9

224
.1

224
.2

224
.3

224
.5

224
.6

224
.7

224
.8

224
.9

Dry Run

Dolomite

- Beek
man

tow
n

Dolomite - Conococheague

Dolomite - Elbrook

MP- 224.59

MP- 224.06

MP- 223.70

MP- 224.33

MP- 224.00

,

,

,

,

,

,
small

±

Alleghany

Botetourt
Craig

Giles Roanoke
Montgomery Salem

Pulaski

GreenbrierGreenbrier
Summers

Monroe

NAD 1983 UTM 17N 0 400200
Feet Do

cu
me

nt 
Pa

th:
 P:

\B1
4\1

00
\B1

41
88

B\B
14

18
8B

-00
\G

IS\
Ma

ps
_D

es
kto

p\F
ER

C-
50

0 M
ap

bo
ok

.m
xd

1:4,800

Geology: Geologic Map of Giles County, Virginia. 1986. Ed. E.K.Rader and T.M.Gathright II. Pub.69,
Virginia Dept. of Mines, Minerals and Energy
Caves: Douglas (1964); Holsinger (1975); Zokaites (1995), Va and WVa Speleological Surveys.
Contours: VA: VGIN 2007/2011 Terrain Models,WV: USGS 1/9 NED. For Visualization Only.
Sinkholes: VaDMME, http://dmme.virginia.gov/webmaps/DGMR
Appalachian Trail: https://www.appalachiantrail.org/about-the-trail/mapping-gis-data

Karst Features and 
Hazards Assessment

MVP October 2016 Proposed Route

09-30-16

Mountain Valley Pipeline Project

Legend

k Cave (Length, Depth)ESpring

ØØ# Swallet

!(l! Sinkhole

B Quarry / Mine

Known Cave Extent
Sinkholes VGIN-5ft
Sinkholes VaDMME
Select Sinkhole Watersheds
Fault
Lineament
150' Buffer, Primary Karst Review Zone
1320' Buffer, Secondary Karst Review Zone
MVP October 2016 Proposed Route

" MVP October 2016 Proposed Route Milepost
MVP October 2016 Proposed Access Roads
MVP October 2016 Proposed Permanent Easement
MVP October 2016 Proposed Temporary Work Space
MVP October 2016 Proposed Ancillary and ATWS

Sheet 29 of 37

VGIN Contour Disclaimer: "Any determination of topography or contours, or any depiction of
physical improvements, property lines or boundaries is for general information only and shall not
be used for the design, modification, or construction of improvements to real property or for
flood plain determination."

Aerials: USGS NAIP Series. Monroe Co. 10/27/2014; Giles Co. 10/02/2014; Montgomery Co. 10/25/2014.
Service Layer Credits: Sources: Esri, HERE, DeLorme, USGS, Intermap, increment P Corp., NRCAN, Esri Japan, METI, Esri China (Hong Kong), Esri (Thailand), MapmyIndia, © OpenStreetMap contributors, and the GIS User Community



Sinkhole, 
Sinkholes ~195'+ right.

Sinkhole, 
Sinkhole ~470' right.
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Note, DCR Dye Traces indicate flow from Dry Branch,
 ~3000 feet to the northeast of MP-226.4, to Old Mill 
Cave Spring, Dam Spring, and Hancock Spring ~6000 
feet southwest of the alignment. 

Cave, Hancocks Blowhole Caves No.1, No.2, 
Southern edge of electric clearing, ~170' right.

Sinkhole, 
Sinkhole ~150 left.

Cave, Possible 
cave entrance in small 
sinkhole, ~180' left.

Sinkhole, Sinkholes
along lineament.

Sinkhole, Sinkhole ~160' right, 
along lineament, additional 
sinkholes in vicinity of access road.

Sinkhole, Sinkhole ~150' right,
along lineament.

Sinkhole, Sinkholes ~145' left,
along lineament.

Sinkhole, Several 
sinkholes ~240'+ left.

Sinkhole, 
Sinkhole ~95' left.

Sinkhole, 
Sinkhole ~165' right.

Sinkhole, Area of very small 
sinkholes indicating coarse 
bedrock surface (access road).

Cave, Orr Pit No.1, No.2, 
in vicinity of access road.
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Sinkhole, Losing 
stream, wet 
weather insurgence.

Cave, Johnsons Cave; 
Carries a small stream.

Spring, Johnsons Cave Spring, 
Water probably from hollow to east.

Spring, Water for 
livestock, ~2000' right.

Sinkhole, Sinkhole
lineament to west.

Contact, End 
limestone area.

Insurgence, 
Stream sinks.

Sinkhole, Sinkhole ~160' right, 
along lineament, additional 
sinkholes in vicinity of access road.

Sinkhole, Sinkhole ~150' right,
along lineament.

Sinkhole, Sinkholes ~145' left,
along lineament.

Sinkhole, Several 
sinkholes ~240'+ left.
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Sinkhole, Losing 
stream, wet 
weather insurgence.

Sinkhole, Sinkhole
lineament to west.

Contact, End 
limestone area.

Insurgence, 
Stream sinks.
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Sinkhole, 
Sinkhole adjacent, left.

Sinkhole, Two 
sinkholes ~65' right.

Contact, Begin Elbrook 
Dolomite (approx).

Sinkhole, 
Sinkhole ~160' left.

Insurgence, Very small 
stream sink, ~140' right.

Sinkhole, Area of very small sinkholes (<6' across) 
likely indicating a cutter and pinnacle bedrock surface.
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sinkholes ~65' right.

Contact, End Elbrook, Begin Rome
(approx), very marginal karst formation.

Sinkhole, Area of very small sinkholes (<6' across) 
likely indicating a cutter and pinnacle bedrock surface.
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Appendix 9: 
Supporting Karst Information 
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Draper Aden Associates (DAA) prepared this document (which may include drawings, specifications, reports, studies and attachments) in accordance with the agreement between DAA and MVP 

Gathering, LLC. 

 

The standard of care for all professional engineering, environmental and surveying and related services performed or furnished by DAA under this Agreement are the care and skill ordinarily used 

by members of these professions practicing under similar circumstances at the same time and in the same locality.  DAA makes no warranties, express or implied, under this Agreement in connection 

with DAA’s services. 

 

Conclusions presented are based upon a review of available information, the results of our field studies, and/or professional judgment.  To the best of our knowledge, information provided by others 

is true and accurate, unless otherwise noted. 

 

DAA's liability, hereunder, shall be limited to amounts due DAA for services actually rendered, or reimbursable expenses actually incurred. 

  

Any reuse or modification of any of the aforementioned documents (whether hard copies or electronic transmittals) prepared by DAA without written verification or adaptation by DAA will be at 

the sole risk of the individual or entity utilizing said documents and such use is without the authorization of DAA.  DAA shall have no legal liability resulting from any and all claims, damages, 

losses, and expenses, including attorney’s fees arising out of the unauthorized reuse or modification of these documents.  Client shall indemnify DAA from any claims arising out of unauthorized 

use or modification of the documents whether hard copy or electronic. 



 

 

Karst Mitigation Plan      Mountain Valley Pipeline 

i 

TABLE OF CONTENTS 

 

1.0 KARST MITIGATION PLAN ..................................................................... 1 

1.1 Regulatory Framework ........................................................................................... 3 

1.2 Overview of Potential Karst Hazards ..................................................................... 5 

1.3 Karst Hazards Assessment ...................................................................................... 6 

1.4 Karst Terrain Inspection Prior to and During Construction .................................... 8 

1.5 Sinkhole Stabilization ............................................................................................. 9 

1.6 Level 1 Inspection of a Karst Feature ................................................................... 10 

1.7 Level 2 Inspection of a Karst Feature ................................................................... 11 

1.8 Management of Newly Identified Karst Features ................................................. 13 

1.9 Measures to Avoid Impacts to the Karst Aquifer and Environment ..................... 14 

1.10 Figure 1 – Karst Zone ........................................................................................... 17 

Appendix A - Karst Feature Inspection Form................................................................... 18 

 



 

 

Karst Mitigation Plan      Mountain Valley Pipeline 

1 

1.0 KARST MITIGATION PLAN 

This Karst Mitigation Plan addresses the assessment and mitigation of potential hazards 

associated with land disturbance in karst terrain to support Mountain Valley Pipeline (MVP) 

construction. Hazards include the potential to impact sensitive karst features during construction, 

as well as potential hazards presented to pipeline construction and operation associated with karst 

terrain.  

Karst feature assessment and mitigation efforts that are covered in this plan will take place within 

the limits of land disturbance (LOD) along the MVP alignment that is underlain by karst terrain. 

The LOD is identified in this Plan as an area within the MVP construction easement where ground 

cover is removed or where the grade is altered, through MVP construction activities (clearing and 

grubbing, trenching, blasting, boring or drilling). It is noted that MVP does not plan to utilize 

horizontal directional drilling (HDD) in karst terrain.  

Karst terrain occurs from southern Summers County, West Virginia into Roanoke County, 

Virginia along an approximately 33-mile corridor within which the MVP alignment is proposed 

for construction (Figure 1). Note that karst terrain is not continuous throughout the karst zone 

illustrated in Figure 1. The Appalachian Plateau and Valley and Ridge geologic provinces are 

characterized by Mississippian to Ordovician age sedimentary bedrock, with folding and ancient 

thrust faulting resulting in a complicated distribution of rock types through this region. Siliciclastic 

sedimentary bedrock that does not form karst terrain is interbedded, or otherwise in contact with 

karst-forming carbonate bedrock. 

The Karst Hazards Assessment (provided under separate cover) for the currently proposed MVP 

alignment in karst terrain included a desk top review using public and proprietary data sources 

extending a minimum of 0.25-mile from either side of the currently proposed MVP alignment. A 

more detailed assessment was made through field confirmation of karst features within a minimum 

of 150 feet from the proposed MVP alignment on parcels where landowner permission was granted 

to access the property.   

Avoidance of a karst feature constitutes the first and foremost recommendation for mitigating 

impact. If an identified karst feature cannot be reasonably avoided, or if a previously unidentified 
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karst feature is encountered or forms during construction, this Karst Mitigation Plan provides 

recommendations for impact mitigation and feature stabilization.  

MVP will deploy a Karst Specialist (KS) prior to, and during construction to confirm, monitor, 

and mitigate if necessary, existing karst features, and to assess and mitigate previously unidentified 

karst features that are encountered or observed to form during MVP land disturbance and 

construction.  
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1.1 Regulatory Framework  

Land disturbance for natural gas pipeline construction and installation constitutes a construction 

practice that is regulated under federal and state laws for stormwater management and erosion and 

sediment control (ESC). Construction within karst terrain carries additional regulations to protect 

caves. The following summarizes the regulatory programs currently in-place in Virginia and West 

Virginia that will apply to pipeline construction in karst terrain. 

In Virginia, ESC is governed by the Erosion & Sediment Control Law (§62.1-44.15:51 et seq) and 

the Erosion & Sediment Control Regulations (9VAC25-840) and falls under the purview of the 

Virginia Department of Environmental Quality (DEQ). Note that effective July 2, 2013, DEQ 

assumed stormwater permitting responsibilities from the Virginia Department of Conservation and 

Recreation. These laws and regulations serve to let the State regulate construction ESC in 

compliance with the Clean Water Act NPDES Permit program. Specifically, construction 

stormwater discharges are covered by the General VPDES permit for discharges of stormwater 

from construction activities, which requires that the Erosion Control/Stormwater regulations are 

followed for applicable sites. In normal cases, Erosion & Sediment Control regulations are 

triggered if land disturbance exceeds 10,000 square feet, and stormwater regulations are triggered 

if land disturbance exceeds one acre. 

West Virginia also administers stormwater general permits through the West Virginia Department 

of Environmental Protection (DEP). Activities that disturb more than one (1) acre but less than 

three (3) acres are required to comply with the terms of the General Permit by completing a “Notice 

of Intent” form, while projects disturbing greater than three (3) acres must submit a site registration 

application form. For projects disturbing between three (3) and 99 acres, the form must be 

submitted to DEP at least 60 days prior to starting the project. Sites disturbing 100 acres or more, 

discharge to Tier 3 waters, have an initial grading construction phase of one (1) year or greater, or 

a common plan of development greater than 10 acres must submit the form at least 100 days prior 

to starting the project. 

Virginia codified a law for protecting caves (the Virginia Cave Protection Act, Code of Virginia 

Section 10.1-1000 to 1008); there is no corresponding law that specifically protects karst. 
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The Virginia Department of Conservation and Recreation, a division of the Department of 

Environmental Quality, includes a Karst Protection Coordinator branch. Coordination with the 

Karst Protection Coordinator is described in more detail in this plan. 

West Virginia also has a state law designed to protect caves (West Virginia Cave Protection Act, 

West Virginia Code - Chapter 20, Article 7A-1 through 7A-6) but does not address karst protection 

measures in general. 

There are no specific laws or regulations governing blasting to remove shallow bedrock for 

pipeline trench construction. Nonetheless, a blasting plan will be prepared by the qualified blasting 

contractor and the Plan enforced to mitigate impacts to structures, sensitive features, and water 

resources in karst resulting from blasting. 
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1.2 Overview of Potential Karst Hazards 

The term “karst” refers to a type of landform or terrain that is characterized by the presence of 

sinkholes, caverns, irregular “pinnacled” bedrock surface, and springs. The development of karst 

terrain is a result of the presence of soluble bedrock such as limestone, dolomite, marble or 

gypsum. Any landscape that is underlain by soluble bedrock has the potential to develop a karst 

terrain landform. 

The most prevalent type of karst feature observed at the ground surface along the proposed MVP 

alignment in karst terrain (Figure 1) are sinkholes. Sinkholes fall into two broad categories, termed 

“vault-collapse” sinkholes, or “cover-collapse” sinkholes. Vault-collapse type sinkholes (i.e., 

where a cavern “vault” or roof has failed catastrophically) are relatively rare in karst terrain along 

the proposed MVP alignment. However, cover-collapse type sinkholes are more commonly 

observed. 

Cover-collapse sinkholes typically develop by the raveling of overburden into solution channels 

within the bedrock mass, in which water is the transport medium for the movement of the fines. 

The natural raveling process is generally slow such that sinkhole development generally occurs 

over a long time span. However, various changes at a site can sometimes lead to the sudden and 

unanticipated development of sinkholes. 

The most common changes that may initiate sinkhole development are: 

1. Increase or redirection of overland or subsurface water flow paths, which accelerates the 

raveling of fines; 

2. Removal of vegetation cover and topsoil (i.e., stripping and grubbing), which can reduce 

the cohesive strength of overburden that overlies a conduit; and 

3. Sudden changes in the elevation of the water table (such as drought, over-pumping of wells, 

or quarry dewatering), which removes the neutral buoyancy of the water supporting a 

conduit plug, and may result in rapid collapse. 

As noted earlier, caves, pinnacled bedrock and karst springs are also observed within karst terrain 

underlying the proposed MVP alignment and are addressed later in this plan. 
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1.3 Karst Hazards Assessment   

MVP deployed a Karst Specialist (KS) team to evaluate the karst terrain of southern West 

Virginia and southwestern Virginia through which the proposed MVP alignment will traverse. The 

KS team holds qualifications of, or work under the direction of, a professional geologist having 

direct work experience with karst hydrology and geomorphic processes. The KS team has over 70 

years of combined direct field experience evaluating karst features in the vicinity of the proposed 

MVP alignment. 

The KS team provided a detailed inventory in the Karst Hazards Assessment (provided under 

separate cover) of karst features within a minimum 0.25-mile of the centerline of the currently 

proposed MVP alignment. The KS team evaluated publicly available and proprietary karst feature 

data to inventory karst features. Direct field observations (where property access was granted) was 

used to confirm the desktop review and evaluate the terrain for additional, previously 

undocumented karst features. 

Recommendations were provided to MVP on the locations of sensitive karst features, or areas that 

are particularly susceptible to karst formation but had limited mapping and field reconnaissance. 

For these specific karst areas, the KS team recommended that geophysical remote sensing 

techniques (e.g., electrical resistivity, ground penetrating radar, etc.,) be used, and if necessary 

invasive borings be completed, to further elucidate a karst feature or a discrete area suspected to 

have subsurface karst formations. In response to the karst feature assessment, MVP has made, and 

continues to make alignment adjustments to avoid sensitive karst areas. Alignment adjustments 

therefore reduce the corresponding recommendations for remote sensing and invasive boring 

evaluations.    

The currently proposed alignment minimizes risks related to karst hazards. As of the date of this 

report, there remains field reconnaissance to be completed on properties where access is currently 

denied. The KS team remains confident with the overall karst assessment and recommendations 

provided to MVP as related to the currently proposed alignment.  At this time, additional 

generalized application of geophysics, borings, etc., along the proposed alignment is not 

considered necessary by the KS team to provide additional data that are particularly reliable or 

actionable.  
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As noted, recommendations for avoiding major karst features were provided to MVP via the Karst 

Hazards Assessment, and proposed alignment adjustments were made. Karst features located in 

the final alignment will be minor in nature and extent (e.g., cover-collapse sinkholes). These 

features will be confirmed and monitored by the KS team prior to and during construction 

(discussed below) and if necessary stabilized. Formation of a significant karst feature during 

construction would be monitored and evaluated by the KS. Additional site evaluation (including 

geophysical remote sensing and invasive borings) may be recommended by the KS to evaluate 

potential that the feature serves as a conduit to groundwater and if necessary to support mitigation 

measures (discussed later in this report).  
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1.4 Karst Terrain Inspection Prior to and During Construction 

MVP will deploy a KS team prior to tree clearing and complete a Level 1 inspection of karst 

features in the LOD (see Appendix A for Karst Feature Inspection Form). The final MVP 

alignment for construction will have accommodated for karst feature avoidance recommendations. 

Therefore, a karst feature located within the LOD is likely to be minor in its extent and nature and 

a candidate for mitigation and stabilization prior to disturbance.  

The KS will consult with MVP Construction to determine the recommended course of action prior 

to tree clearing in the vicinity of the feature. It is anticipated that the most common karst feature 

requiring mitigation for MVP construction will be cover-collapse sinkholes (discussed below). 

Karst feature stabilization would be completed in conjunction with recommendations from the 

appropriate state agency (Virginia Department of Conservation and Recreation, Karst Protection; 

West Virginia Department of Environmental Protection). 

MVP will deploy an on-site KS team during construction activities (clearing and grubbing, 

trenching, blasting, boring or drilling) within karst terrain. The role of the KS is to observe 

construction activities to assist in limiting potential negative impacts, and to inspect, assess and if 

necessary mitigate karst features that are encountered or form during construction in conjunction 

with recommendations from the appropriate state agency (Virginia Department of Conservation 

and Recreation, Karst Protection; West Virginia Department of Environmental Protection). 

Two or more KS will be available to conduct multiple inspections in karst terrain where MVP 

Construction crews may be working at different locations simultaneously. 

 

 

 

 

  



 

 

Karst Mitigation Plan      Mountain Valley Pipeline 

9 

1.5 Sinkhole Stabilization  

Sinkholes are common surficial geomorphic expressions of karst terrain. If a sinkhole is located 

within the proposed LOD and cannot be reasonably avoided, the sinkhole will be stabilized prior 

to construction in accordance with recommendations provided by the KS, and in conjunction with 

recommendations from the appropriate state agency (Virginia Department of Conservation and 

Recreation, Karst Protection; West Virginia Department of Environmental Protection).  

A weekly Level 1 Inspection (described below) of the stabilized feature will be completed and 

documented by the KS (see Appendix A for Karst Feature Inspection Form) while construction 

activities (clearing and grubbing, trenching, blasting, boring or drilling) are on-going within 150 

feet of the feature. 

Mitigation activities will be documented upon completion in a report prepared by the KS, to be 

delivered to MVP. 

See the following sections of this report for activities to be followed under this Mitigation Plan for 

karst features other than sinkholes that are located within the MVP LOD.
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1.6 Level 1 Inspection of a Karst Feature 

A Level 1 Inspection of a karst feature will entail observation and documentation of the following 

ground and feature characteristics:  

1. soil subsidence; 

2. rock collapse; 

3. sediment filling; 

4. swallet (sinking stream) or notable increased surface water infiltration; 

5. spring / seep / flooding; 

6. cave or void space; 

7. clogging; and/or other changes in morphology or function that might indicate potential 

impact to the epikarst stratum caused by the work. 

The inspection will be recorded on a Karst Feature Inspection Form (Appendix A), including 

digital photographs, GPS coordinates and reference to the nearest MVP milepost. 

If any of the representative changes listed above are observed at a karst feature, the KS will 

complete a Level 2 Inspection (discussed below).  
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1.7 Level 2 Inspection of a Karst Feature 

The Level 2 Inspection will be conducted as follows, and recorded on a Karst Feature Inspection 

Form provided in Appendix A.   

The KS will examine the suspected karst feature to identify potential connectivity to the 

subterranean environment and risk for impacting groundwater quality. The choice of 

characterization methods will be proposed to MVP by the KS, and will include any combination 

of (but not be limited to): 

1. visual assessment and physical inspection; 

2. geophysical survey; 

3. track drill probes; 

4. infiltration or dye trace testing; or 

5. other techniques utilized to facilitate subsurface characterization of karst features. 

 

If the karst feature does not appear to have connectivity to the subterranean environment and risk 

for impacting groundwater quality, the KS will provide MVP Construction with a recommendation 

on stabilization measures for the feature (see Section 3.5 of this Plan), and construction activities 

will continue after the feature is stabilized. 

If it is determined that the feature has connectivity to the subterranean environment and potential 

to impact groundwater, the KS will consult with MVP Construction regarding appropriate 

mitigation. Mitigation activities would be conducted in conjunction with recommendations from 

the appropriate state agency (Virginia Department of Conservation and Recreation, Karst 

Protection; West Virginia Department of Environmental Protection). In addition: 

 As requested by Virginia DCR, The KS will contact Mr. Wil Orndorff, DCR Karst 

Protection (540-230-5960; Wil.Orndorff@dcr.virginia.gov) to alert DCR of a newly 

discovered karst feature and proposed mitigation activities. DCR may request to review the 

feature prior to further disturbance. 

o If the karst feature is observed in West Virginia, it is recommended that the KS also 

contact Mr. Jon Bosley, Program Manager, WVDEP Stormwater Permitting (304-

926-0499, ext. 1059; Jon.M.Bosley@wv.gov).   

mailto:Wil.Orndorff@dcr.virginia.gov
mailto:Jon.M.Bosley@wv.gov
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A weekly Level 1 Inspection of the stabilized or mitigated feature will be completed and 

documented by the KS on a Karst Feature Inspection Form (Appendix A) while construction 

activities (clearing and grubbing, trenching, blasting, boring or drilling) are on-going within 150 

feet of the feature.  

Mitigation or stabilization activities will be documented upon completion in a report prepared by 

the KS, to be delivered to MVP. 
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1.8 Management of Newly Identified Karst Features  

If a suspected karst feature is intercepted during work activities, or forms within the LOD during 

construction activities (clearing and grubbing, trenching, blasting, boring or drilling), the KS will 

conduct a combined Level 1 and Level 2 Inspection of the feature.  

Suspected karst features include: 

1. Sinkhole; 

2. Spring; 

3. Bedrock enclosed conduit(s) or void; 

4. Solution pocket that extend beyond visual examination range (and therefore may be open); 

5. Soil void; 

6. Highly fractured karst bedrock; 

The KS will follow the procedural outlines listed above for Level 1 and Level 2 Inspections. 
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1.9 Measures to Avoid Impacts to the Karst Aquifer and Environment  

The following procedures will be used during pipeline construction activities (clearing and 

grubbing, trenching, blasting, boring or drilling) to limit potential impact to karst features and 

related water resources. 

1. Protect known and/or future mapped recharge areas of cave streams and other karst features 

(see Karst Hazards Assessment provided under separate cover to identify the relevant 

construction area where these features are located) by following relevant conservation 

standards, specifically those pertaining to stream and wetland crossings, erosion and sediment 

control, and spill prevention, containment, and control. 

2. MVP construction activities (clearing and grubbing, trenching, blasting, boring or drilling) will 

be conducted in a manner that minimizes alteration of existing grade and hydrology of karst 

features: 

a. In linear excavations adjacent to karst features, spoils will be stockpiled and managed up-

slope of the excavation, and runoff controlled according to the MVP project-specific 

stormwater management and ESC Plan (under separate cover). 

b. Surface water control measures, including, but not limited to diversion (direct water flow 

into trench or off right-of-way areas past the area of concern), detention or collection and 

transportation, will be utilized to prevent construction-influenced surface water from free 

flowing into karst features. 

c. Karst features will not be utilized for the disposal of water. 

3. Blasting will be conducted in a manner that will not compromise the structural integrity or alter 

the karst hydrology of known or inferred subsurface karst structures. If rock is required to be 

hammered or blasted, the following parameters will be adhered to: 

a. The excavation will be carefully inspected for voids or other openings, or signs of 

enhanced secondary porosity. 

b. If the rock removal intercepts an open or clay-filled void, cave, or other signs of 

enhanced secondary porosity, see previous section of this plan for Level 1 and Level 2 

Inspections. 

c. Blasting will be conducted by a qualified blasting contractor, in accordance with the 

contractors written and approved blasting plan. 
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d. If a track drill is used to prepare the hole(s) for the explosive charge(s) and the boring 

encounters an open or clay-filled void, cave, or other signs of enhanced secondary 

porosity, see previous section of this plan for Level 1 and Level 2 Inspections. 

4. Comply with requirements of project Spill Prevention, Control, and Countermeasures Plan 

(SPCC) prepared by Contractor (under separate cover). The following general guidelines will 

be incorporated into the SPCC for construction practices in karst terrain:  

a. To reduce the risk of groundwater contamination, equipment will not be parked or left 

idling for extended periods of time (more than 12 hours), refueled or serviced within 100 

feet of any karst feature. 

b. Equipment refueling will not be performed within flagged or marked buffer areas of 

streambeds, sinkholes, fissures, or areas draining into these or other karst features, except 

by hand-carried cans (5 gallon maximum capacity) when necessary.  

c. Equipment servicing and maintenance areas will be sited outside of flagged or marked 

buffer areas of streambeds, sinkholes, fissures, or areas draining into these or other karst 

features.  

d. Prevent runoff resulting from construction equipment washing operations to directly enter 

any karst feature by locating these operations outside of the buffer area.  

e. Hazardous materials, chemicals, fuels, lubricating oils, and petroleum products will not be 

stored within 100 feet of any karst feature.  

f. All equipment will be checked by a construction inspector daily for leaks prior to beginning 

work in karst areas. If any leaks are observed, or damaged or defective equipment is 

discovered, drip pans and other containment will be deployed immediately and the 

equipment removed or repaired as soon as practical.  

g. If a reportable spill (reportable volume will be defined in the project-specific SPCC Plan) 

occurs within a karst feature or water body, refer to the project-specific SPCC Plan. 

5. The intent of ESC and related Best Management Practices (BMPs) is to confine project-related 

disturbance to the LOD, protect sensitive karst features, and minimize erosion and enhance 

revegetation in those areas. In addition to ESC BMPs for standard pipeline construction, which 

includes specifications by regulatory agencies, additional BMPs will be implemented as 

specified by the KS.   
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6. Discharge of hydrostatic testing water in karst areas will be avoided if practicable. If 

circumstances require hydrostatic testing water to be discharged in karst areas, the KS will 

recommend a discharge location in consideration of the following guidelines:   

a. Do not discharge hydrostatic testing water directly into flagged or marked buffer areas of 

karst features or channels or surface features that flow towards karst feature(s).  

b. Where possible, discharge hydrostatic test water down-gradient of karst features unless on-

the-ground circumstances (e.g., manmade structures, terrain, and other sensitive resources) 

prevent such discharge. 

i. If those circumstances occur, discharge water into uplands greater than 500 feet 

from flagged or marked buffer areas of karst features unless on-the ground 

circumstances (e.g. manmade structures, terrain, other sensitive resources) prevent 

such discharge. 

ii. If  i.) above is not practicable, discharge water as far from flagged or marked karst 

features as practical and utilize additional sediment and water flow control devices 

to minimize effects. 

c. Control the rate and volume of discharge to prevent land erosion, sediment mobilization 

and ponding of water. 
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Appendix A - Karst Feature Inspection Form  

Page 1 of 2 

 

Date:__________ Karst Specialist:________________________  MVP Milepost:___________ 

 

GPS Coordinates (X, Y; coordinate system):__________________________________________  

Digital image documentation: 

Photo # View toward (circle): Description: 

 North  South  East  West  

 North  South  East  West  

 North  South  East  West  

 North  South  East  West  

Continue on next page if necessary.   

Sketch: 

 

 

 

 

 

 

 

 

North Approximate Scale:  
0 feet ____ feet 
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Appendix A - Karst Feature Inspection Form       Page 2 of 2 

Level 1 Inspection:  Check characteristics observed:  

____ soil subsidence ____ rock collapse    ____sediment filling 

 

____ swallet / notable increased surface water infiltration   ____spring / seep or flooding 

 

____ clogging; and/or other changes in morphology or function that might indicate potential 

impact to the epikarst stratum caused by the work. 

Description:______________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

Recommend Level 2 Inspection? (circle one)  Yes   /   No       

 

Level 2 Inspection:  Check inspection method(s): 

 

_____ visual assessment    _____ geophysical survey     _____ track drill probes 

 

_____ infiltration or dye trace testing 

 

_____ other: __________________________________________________________________ 

Mitigation recommended? (circle one)  Yes   /   No 

Summarize recommended mitigation method(s): 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 

KS contact Wil Orndorff, DCR (540-230-5960)?  Yes  /  No    Date__________    Time________   

DCR Inspection requested? (circle one)      Yes  /   No 

 

KS contact Jon Bosley, WVDEP Stormwater Permitting (304-926-0499, ext. 1059)?   Yes / No    

Date__________    Time________   

WVDEP Inspection requested? (circle one)      Yes  /   No 

 

Notes: 

______________________________________________________________________________

______________________________________________________________________________ 
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Response: 

Accession number 20161222-5394 (Commonwealth of Virginia) was submitted to the 
FERC by the Virginia Department of Conservation and Recreation (DCR), and included 
a comment letter from the Virginia Cave Board (VCB) that highlighted concerns over 
specific karst features in the vicinity of the proposed alignment. The VCB’s primary 
focus in the letter was to encourage dye trace studies for many if not all of the karst areas 
crossed by the pipeline to determine subterranean flow paths. The VCB also suggested a 
more extensive inventory of karst features beyond the prescribed 0.25-mile buffer, 
particularly in zones of influence of surface runoff. Additionally, the VCB recommended 
continuous water quality monitoring to replace Mountain Valley’s proposed pre-
construction (grab) sampling discussed in the Water Resources Identification and Testing 
Plan. 
The VCB questioned the 500-foot employed by Mountain Valley to identify water 
resources in karst terrain that are recommended for pre-construction testing. However, 
the 500-foot criterion is not a limiting buffer distance, but rather a guideline from which 
Mountain Valley may increase under certain karst conditions assessed by the Mountain 
Valley Karst Specialist Team (KST) and documented in the Karst Hazards Assessment 
(KHA) to select water resources that are further from a Project component. In several 
cases, Mountain Valley has identified springs to be monitored that are well beyond the 
500-foot buffer distance from a Project component (e.g., spring on Kow Camp Road, 
Giles County, Virginia; KHA). 
Mountain Valley’s KST has an in-depth understanding of likely groundwater flow paths 
in the areas of concern identified by the VCB, based on the KST’s combined 160-plus 
years of experience in assessing karst hydrogeology, particularly in the karst terrain 
traversed by the proposed alignment, in addition to the analysis of existing dye trace 
studies for the area and conducting electrical resistivity surveys along the proposed 
alignment in the Mount Tabor area. Therefore, Mountain Valley does not concur with the 
VCB’s recommendation for completing extensive hydrologic research in the specified 
karst areas. The flow patterns can be extrapolated from existing knowledge of the areas. 
For example, the Mount Tabor sinkhole plain drains to Mill Creek Spring. There is no 
need to trace every sinkhole or sink point within the sinkhole plain.  
Also, many of the small sinkholes on ridges and hilltops in the vicinity of the alignment 
have very limited catchment other than the sink themselves, and therefore possess limited 
risk to underlying karst hydrogeology.  
The VCB identified several specific areas of karst terrain where dye tracing was 
suggested. These areas are listed below, with the Karst Hazards Assessment (Appendix A 
sheets identified illustrating the areas. 
VCB-recommended Features or areas in Virginia along MVP for which hydrology 
studies (dye tracing) is advised: 



• 201.66 (2 features) – (Sheet 10); 
• 205.02 (Eight Point Cave) and 205.20 (High Voltage Cave) – (Sheet 13); 
• 209.10 (Sheet 17) and 209.75 (Sheet 18); 
• 215.24 (Sheet 23) and 216.22 (Sheet 24) and 216.52, 217.13 (Sheet 25) and 

218.15 (Sheet 26); 
• 223.33, 223.34, 223.46 (Sheet 28) –a single dye trace or possibly 2; 
• 224.00 (Sheet 29); 
• 226.20 (Sheet 31) -consistent with dye traces by DCR-DNH as cited; 
• 226.89 (Sheet 32); 
• 227.57 (Sheet 32); and 
• 234.43, 234.73, 235.13 (Sheet 34). 

Each area listed above is discussed in the following section, some areas are grouped 
together for continuity. The local karst hydrogeology is discussed, and recommendations 
are provided on whether, or what, additional information is recommended by Mountain 
Valley to provide additional confidence in characterizing the local hydrology with respect 
to the proposed pipeline construction. Maps associated with the discussion for each area 
are identified in that discussion, and found as Attachment DR5 Geology 1b.   
VCB item: 201.66 (2 features) – (Sheet 10) 
See Figure 1 of 7 in Attachment DR5 Geology 1b 
The VCB references a group of sinkholes straddling and adjacent to Big Stoney Creek 
Road near MP 201.66. These sinkholes lie along a small hill between the New River and 
Butt Mountain. The larger of the sinkholes is about 25 acres in size and is bisected by Big 
Stoney Creek Road (State Route.635). This road is used extensively by trucks associated 
with the active mining operations for the Lhoist Chemical lime plant, Kimballton, 
Virginia. The ground surface of these sinks in the vicinity of the alignment is covered by 
sandstone colluvium. The location is also between two high voltage transmission lines. A 
second large abandoned stone quarry, Klotz Quarry, is located one mile southwest. 
The subsurface flow direction from the vicinity of these sinkholes is most likely along 
strike to the southwest toward the New River. This southerly groundwater flow would 
likely intersect the Dry Branch subterranean flow. Dry Branch sinks in its bed just over a 
mile south-southeast and resurges at a spring on the New River. This was dye traced by 
the DCR in 2002 (see map 1). 
The VCB also mentions nearby access roads. The access road in the vicinity of the 
sinkholes follows Hoot Owl Road, which serves a residence and is the access to an 
APCO electric substation adjacent to the alignment at MP-201.4. The other access road 
mentioned by the VCB, near MP 200.50, is along an existing road in the Lhoist limestone 
quarries. Negligible impacts are anticipated from the use of these existing roads. 
Based on field observations, the geologic setting, strike and dip of the bedrock, and 
proximity of a previous dye trace, little additional information would be provided with 
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respect to the overall understanding of the local karst hydrogeology by tracing these sinks 
or others in this general vicinity. 
VCB item: 205.02 (Eight Point Cave) and 205.20 (High Voltage Cave) – (Sheet 13) 
Figure 2 of 7 in Attachment DR5 Geology 1b 
The VCB calls out a location where the proposed alignment crosses the southwest ridge 
of Doe Mountain and where it overlies limestone that outcrops near the top of the ridge. 
In very typical fashion for Giles County where the bedrock strata tend to dip southeast 
into the mountain, two caves have formed near the geologic contact of the Moccasin 
siliciclastic sedimentary formation and the conformably underlying limestone. However, 
at this location there is limited contributing watershed because of the high position on the 
ridge. The proposed alignment deviates to avoid these features, then bypasses a third cave 
feature as the alignment progresses southeast down the mountain side.  
Groundwater flow in this area is most likely to the southwest along bedrock strike toward 
Little Stoney Creek. It is likely that the subterranean flow discharges into the alluvial 
deposits underlying the creek, from which it could flow southerly in alluvium to the 
nearby New River, or it could flow along a prominent west-trending lineament to Klotz 
Spring. A dye trace conducted by DCR in 2002 from a swallet on the west side of Little 
Stony Creek confirms some degree of flow along this lineament, which lies along the 
contact of the limestone and the overlying Eggleston formation.  
This assessment of flow is based on existing knowledge, decades of experience studying 
karst hydrogeology in this area, previous DCR dye testing, and sound fundamentals of 
hydrogeology. Dye trace study is not needed to confirm what is the most reasonable 
assessment of subterranean groundwater flow. 
The Mountain Valley KST identified a water supply spring in the dolomite near Kow 
Camp Road approximately 1,900 feet south of and 100 feet topographically below the 
proposed alignment stream crossing at MP 205.3. Mountain Valley will be contacting the 
property owner in mid-2017 to request permission to conduct pre-construction testing of 
the spring as part of the Water Supply Identification and Testing Plan. 
VCB item: 209.10 (Sheet 17), 209.75 (Sheet 18) 
Figure 3 of 7 in Attachment DR5 Geology 1b 
The VCB notes two sinkholes features in the vicinity south of Cave Hill Road. The first 
is a large, dry, forest floored and unaltered sink near MP 209.10. The second is a 
collection of sinks near MP 209.80, some of which have been partially filled with field 
rock over the decades as a result of traditional pasture clearing. These locations are just 
south of the well-known Pighole Cave (Mountain Valley completed a major realignment 
of the proposed route to avoid Pighole Cave, and is now 1600 feet south and 
downgradient of the cave). Pighole Cave is a 428-foot deep vertical cave (total vertical 
extent). The lowest point of Pighole Cave is at an elevation of approximately 1,865 feet 
above mean sea level (AMSL) where a small stream disappears under the wall and can no 
longer be humanly followed. This confirms that local groundwater base level is at least 
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lower than this point and there is a downward flow gradient well below the sinkholes 
identified by the VCB and toward Sinking Creek at an elevation of approximately 1,800 
feet AMSL. The regional subterranean flow pattern is to the west-southwest along strike 
towards the New River, more or less trending with the direction of Sinking Creek.  
In 1981 Saunders, et. al. traced a sinking stream, just northeast of this area, near 
Mountain Lake Road. A trace during low flow went to the resurgence of Sinking Creek 
on the New River to the west-southwest. A trace during high flow went to Bell Spring, 
also on the New River but slightly farther north. These springs are over four miles away 
from our site of discussion. During dry periods Sinking Creek flows underground from a 
point just west of its crossing with US-460 and it resurges about a mile upstream on the 
New River on its wet weather surface flow path junction with the New River. Bell Spring 
is about a half mile downstream of the Sinking Creek surface flow junction on the New 
River. An interpretation of this high/low flow condition difference is that the lower 
conduit flow network closer to the New River becomes full and the water flows over a 
drainage divide to the north and the next outlet downstream, which is Bell Spring. 
The KST suggest that the Saunders et al (1981) traces would have passed several hundred 
feet below the MVP alignment en route to known resurgence. 
A dye trace study is not needed to confirm what is already the most reasonable 
conclusion about subterranean groundwater flow paths as shown by previous dye studies. 
And, as noted, the proposed alignment entails excavating an approximate 10-foot ditch 
that would be 200 or more feet above the flow path identified in the Saunders et al (1981) 
trace. Practically speaking, little information would be gained by tracing these sinkholes 
relative to pipeline construction, and proper dye studies would likely be focused two 
miles to the west of the MVP route.  
Literature Cited 
Saunders, J.W.; Ortiz, R.K.; and Koerschner III, W.F., 1981, Major groundwater flow 

directions in the Sinking Creek and Meadow Creek drainage basins of Giles and 
Craig Counties, Virginia, USA., in Beck, B.F. (editor), Proceedings of the Eighth 
International Congress of Speleology, Bowling Green, Kentucky, July 18-24, 
1981. 

VCB item: 215.24 (Sheet 23), 216.22 (Sheet 24), 216.52, 217.13 (Sheet 25), 218.15 (Sheet 
26) 
Figure 4 of 7 in Attachment DR5 Geology 1b 
The proposed alignment follows the northwest flank of Sinking Creek Mountain, in the 
lowland valley underlain by dolomite or limestone depending upon its position, and is 
generally 100 to 200 feet in elevation above Sinking Creek (i.e., the localized 
groundwater discharge zone) (see Sheet 23 of 37). The exception to this relative 
positioning of the proposed alignment is the major alignment adjustment that avoids the 
Canoe Cave and associated spring near MP 214.9 (Sheet 23 of 37 of the Mountain Valley 
Karst Hazards Assessment). Mountain Valley followed the recommendation of FERC 
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and adopted a re-route of the proposed alignment centerline to avoid Canoe Cave by 950 
feet (Sheet 23 of 37).  
There is effectively no risk for disturbing the physical portions of the cave since the 
construction right of way (ROW) is separated by approximately 800 feet from the 
mapped extent of the cave (Figure 4). The extent of Canoe Cave was confirmed as 
recently as 2016 by field mapping conducted by the Virginia Department of Conservation 
and Recreation. The cave trends northeast and along bedrock strike approximately 600 
feet (Figure 4). A large buffer of undisturbed land (approximately 800 feet) will be 
maintained between the edge of the construction right-of-way and the Canoe Cave. 
Furthermore, the proposed alignment in the vicinity of Canoe Cave is situated on 
previously cleared farmland such that additional tree-clearing will not be necessary near 
the cave and spring and this greatly reduces the potential for impact to the local 
hydrology.  
The cave encounters subsurface pools of standing water at the approximate elevation of 
the spring (Figure 4).  These pools located in Canoe Cave are at the elevation of the 
spring, appear to represent the local water table, and are likely connected to the 
subterranean karst flow regime of the localized catchment for Canoe Cave. The air-filled 
section of Canoe Cave (i.e., between the entrance and the above-referenced water pools) 
does not host perennial flowing water. 
The proposed route is topographically lower than the spring associated with Canoe Cave 
and crosses the spring outflow approximately 370 feet downstream of the spring itself 
(see Figure 4). As with numerous springs along Sinking Creek, it represents the local 
groundwater base level or water table of the local karst drainage networks. Allogenic 
recharge to the karst system(s) in the vicinity of Canoe Cave is typically found 
topographically higher on Sinking Creek Mountain, at the upper limestone contact 
(Figure 4). The proposed alignment construction entails an approximately 7-foot to 10-
foot narrow excavation that is downslope and downgradient hydrologically from Canoe 
Cave and spring and as such will not affect the cave or spring (see enclosed Figure 4). 
The following discussion presents an assessment of the larger karst catchment and 
potential allogenic recharge to Canoe Cave and the associated spring. While the surficial 
karst features observed in the area of Canoe Cave and its catchment (i.e., sink holes, 
losing streams) are important contributors to the local groundwater hydrology and 
possible recharge to the cave, there is a larger groundwater hydrologic system underlying 
this area that receives recharge from the catchment (i.e., not all precipitation that falls on 
the catchment necessarily recharges Canoe Cave and spring).  
The following discussion summarizes Mountain Valley’s hydrogeologic assessment of 
the karst terrain northwest of Sinking Creek Mountain that is part of the Canoe Cave 
catchment. 
Approximately 6,400 feet northeast of Canoe Cave, along bedrock strike, there is a small 
insurgence cave in the limestone approximately 240 feet southeast of the alignment, 
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Sinking stream #1, near MP-216.2 (Figure 4).  This feature was discovered during field 
reconnaissance completed as part of Mountain Valley’s Karst Hazards Assessment.  It is 
most likely the primary source of water for the spring near Canoe Cave. This area is 
potentially near the upstream edge of the majority catchment for the spring near Canoe 
Cave because just further northeast is another spring near Steele Acres Road. 
Presumably, this spring near Steele Acres Road would drain the catchment that is further 
northeast of the Canoe Cave and spring catchment (i.e., a separate catchment) and 
includes an insurgence near MP-218.1 (Figure 4), which is near the point where the 
alignment turns southeast to cross Sinking Creek Mountain. With this understanding of 
the larger karst catchment relative to Canoe Cave, the proposed pipeline construction is 
topographically and hydrologically lower than the primary (allogenic) water sources that 
feed the springs along the flank of the mountain. Therefore, the location of the proposed 
alignment relative to the catchment results in negligible risks to karst features and 
hydrology related to Canoe Cave and spring. 
Additional contribution to the spring located west of Canoe Cave comes from several 
small sinkholes along the upper limestone contact between the general area of Canoe 
Cave and the aforementioned insurgence at MP-216.2 (Figure 4). These sinkholes were 
observed during initial field reconnaissance for Mountain Valley’s Karst Hazards 
Assessment. No sink openings or surface water flow to the sinks was observed during 
field reconnaissance; however, the geographic and geologic location suggests that these 
are points of infiltration for precipitation (allogenic recharge) that may contribute to 
Canoe Cave and spring. However, these sinkhole locations are topographically and 
hydrologically above the proposed alignment (i.e., pipeline construction will not 
adversely affect hydrology recharging the Canoe Cave and spring) (Figure 4). 
Other sinkholes in the Canoe Cave catchment and adjacent areas were considered for this 
analysis. Near MP 215.0, and continuing along just north of the Canoe Cave and spring 
are a few sinkholes (Figure 4). The largest sinkhole, which is also the one closest to the 
Canoe Cave spring contains farm refuse, apparently deposited in the sinkhole over many 
years. The other sinkholes are much smaller and are situated well away from the 
proposed alignment. Another insurgence identified as Sinking stream #2 near 216.5 
(Figure 4) also contains many years of farm refuse, scrap metal, and old tires. However, a 
constructed ditch (presumably for farm use) directs water away from Sinking stream #2 
(Figure 4). Sinkholes further to the northeast, toward the Giles and Montgomery County 
line at MP 217.0 (Figure 4) likely accumulate wet weather recharge and will be avoided 
or mitigated as specified in the Karst Mitigation Plan. Another karst feature of note is the 
insurgence at MP 218.1 (Figure 4), located approximately 50 feet lower in elevation and 
down a steep ravine just beyond the point where the alignment turns south to cross 
Sinking Creek mountain. As a sinking stream feature, water flowing underground near 
this location will rapidly seek the local water table, which is approximately 100 to 200 
feet lower than the ground surface and will not be affected by pipeline construction. 
The Mountain Valley KST’s detailed understanding of Canoe Cave karst hydrology 
means that in the highly unlikely event of construction-related release of fluid or 
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sediment the likely receptors to be monitored and mitigated are known (i.e., there is no 
need to conduct a dye trace study).  In addition to understanding the local karst 
hydrology, Mountain Valley will conduct pre-construction outreach directly to property 
owners along the alignment to request information on springs and wells in the local 
catchments, and request permission to conduct pre-construction water quality and 
quantity testing. Through these measures, Mountain Valley will possess an accurate 
accounting of water supply locations for future monitoring in needed. Furthermore, in the 
unlikely event of a release, Mountain Valley will immediately implement mitigation 
measures specified in the Karst Mitigation Plan, SPCC Plan, and E&S Plan to prevent 
infiltration or migration of construction related fluid or sediment from the limit of 
disturbance and entering the karst or a karst feature, thus protecting the subsurface karst 
environment.    
In summary, the proposed alignment poses negligible risk for impacts to Canoe Cave and 
spring, and other related karst features and resources in the vicinity due to the location of 
the proposed alignment being both topographically and hydrologically below (at lower 
elevations) than these karst features. 
VCB item: 223.33, 223.34, 223.46 (Sheet 28) –a single dye trace or possibly 2. 
Figure 5 of 7 in Attachment DR5 Geology 1b 
The VCB identifies an area of concern containing sinkholes just south of Mount Tabor 
Road. In late 2016 DCR conducted a dye trace from a sinkhole in this vicinity but just 
north of the road. The trace flowed southwest paralleling a sinkhole lineament to Slussers 
Chapel Cave and related hydrologic complex thus extending the proven subsurface 
catchment to this saddle between Mill Creek and Dry Run surface watersheds.  
The sinkholes in question are within a few hundred feet of each other and the DCR dye 
trace, thus it is highly likely the flow pattern will be the same. The elevation change from 
the DCR dye input to the spring is approximately 400 feet, though it passes through 
Slussers Chapel Cave achieving a depth range of about 315 feet at that location. Based on 
knowledge of karst development demonstrated by the caves of the area, the KST 
reasonably interprets that water infiltrating the bedrock in this vicinity will also drop 
rapidly downward toward base groundwater level.  
Based on this evidence, which expands and confirms the understanding of subterranean 
flow in the Mount Tabor area by the KST, additional dye trace studies are unnecessary 
and redundant, especially immediately adjacent to a recent study. 
VCB item: 224.00 (Sheet 29) 
Figure 5 of 7 in Attachment DR5 Geology 1b 
Small sinkholes with little or no catchment area are located near the top of the hills and 
ridges near MP 224 identified by the VCB. These small sinkholes are almost 
indiscernible in the LiDAR data. They likely represent more of a coarse bedrock surface 
than a well-developed karst process. This is also the location of recent high-grade logging 
operations and is just beyond the DCR Slussers Chapel Conservation Site. Precipitation 
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that does not flow on the surface to lower elevations will enter the ground in a diffuse 
manner. The alignment carefully avoids the sinkhole(s) in this area and Mountain Valley 
anticipates no impact to the karst environment as a result of crossing the ridge at this 
location. Practically speaking, little information would be gained by attempting to trace 
these sinkholes relative to pipeline construction. 
VCB item: 226.20 (Sheet 31) -consistent with dye traces by DCR-DNH as cited. 
Figure 6 of 7 in Attachment DR5 Geology 1b 
A large sinkhole located east of the alignment near MP 226.3 is called out by the VCB. 
The alignment traverses the edge of the catchment for this sinkhole. The sinkhole is 
approximately 500 feet in elevation above the base level flow pattern that was identified 
by DCR dye traces. The KST suggests that precipitation received by the sinkhole and 
general karst infiltration in this area will ultimately join these identified flow patterns and 
discharge at Old Mill Cave Spring, Dam Spring, or Hancock Spring. This is the most 
reasonable interpretation of subterranean flow based upon the KST’s decades of 
experience, and would make dye tracing at this location of limited value. Mountain 
Valley anticipates negligible impact to the karst environment resulting from crossing the 
hill at this location.  
VCB item: 226.89 (Sheet 32) 
Figure 6 of 7 in Attachment DR5 Geology 1b 
At this location the VCB highlights a linear sinkhole feature that trends toward a small 
spring that was of concern with the close proximity of the previous FERC 4.0.0 proposed 
alignment. The current proposed alignment is about 2000 feet northeast further away but 
still crosses the aligned set of sinkholes. These sinkholes are formed along bedrock strike 
adjacent to a narrow and unmapped shale stratum. This shale layer likely acts as an 
impervious barrier that guides subsurface flow along the carbonate-shale contact to the 
southwest to discharge at the small spring. The location where the current alignment 
crosses the lineament it is at an elevation approximately 100 feet higher than the spring. 
Construction activities here are much less likely to impact the spring than if they were 
immediately above the spring. The KST believes that groundwater would flow along this 
lineament to the spring and possibly to the base level discharge point which is Hancock 
Spring.  This is the most reasonable flow interpretation, based on decades of experience. 
Dye tracing this sinkhole alignment to the spring would provide little relevant 
information in the context of pipeline construction. 
VCB item: 227.57 (Sheet 32) 
Figure 6 of 7 in Attachment DR5 Geology 1b 
On the southeast side of the North Fork of the Roanoke River is the final karst-forming 
carbonate outcrop in the Mount Tabor – Catawba Road area where a small surface stream 
sinks at the contact between the Edinburg Limestone and the non-carbonate Bays 
Formation. Subterranean water is expected to flow southwest, generally in alignment 
with three sinkholes and through Johnsons Cave, to discharge at Johnsons Cave Spring 
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on the North Fork of the Roanoke River. The total estimated direct line flow distance of 
the localized network is approximately 2,500 feet.  
The alignment crosses this small stream in non-karst terrain approximately 930 feet uphill 
from the swallet. During wet periods this stream overflows its sink point and continues to 
the River by overland flow. Thus, during construction, there may not be flowing water 
and/or there is ample distance for appropriate erosion and sediment control measures. 
Similarly, a potential wet weather swallet was observed just west of MP 227.55. This 
streambed was dry at the time of field visit by the KST.  
At the time of field visit on October 21, 2015 this west stream at MP-227.55 was dry and 
the east stream was flowing. The USGS shows both streams as intermittent. During very 
wet periods both streams overflow their sink points and continue to the North Fork of the 
Roanoke River by overland flow as is evidenced by observing the stream beds. The sink 
point locations are below the contact between the Edinburg limestone and the non-
carbonate Bays formation. For both sink points the KST suggests the subterranean water 
flows westerly along strike and coincident with the aligned sinkholes, through Johnsons 
Cave, and out at Johnsons Cave Spring. 
The KST suggests that the surface and subsurface flow patterns described above are the 
most reasonable interpretation of local conditions. Dye tracing the swallet described 
above would provide little relevant information in the context of pipeline construction, 
and would only confirm what is a relatively uncomplicated karst setting. 
VCB item: 234.43, 234.73, 235.13 (Sheet 34) 
Figure 7 of 7 in Attachment DR5 Geology 1b 
The VCB’s final area of interest regards a small section of Elbrook limestone observed 
by the KST between Interstate-81 and the Roanoke River. In particular, at MP 234.43 a 
very small stream swallet was observed on July 15, 2016 approximately 140 feet 
southeast of the proposed alignment within a topographic drainage alongside Cannery 
Road. In wet weather, this drainage joins a small intermittent stream approximately 600 
feet further to the southeast.  This stream includes drainage from storm water culverts 
under and alongside Interstate-81. In this vicinity, the proposed alignment parallels a high 
voltage electric power line corridor as it crosses a short section of karst exhibiting 
numerous small sinkholes that likely indicate a pinnacle/cutter type bedrock surface. 
These sinkholes are on the scale of three to six feet in diameter and approximately one 
foot deep. These sinkholes are not revealed in Montgomery County’s 2015 high 
resolution LiDAR data. The proposed alignment continues to the southeast and was 
routed to avoid several sinkholes before traversing the Norfolk Southern Railroad, the 
Roanoke River, and US Route 11.  
The sinkholes in the area are formed on the top of a small ridge and have little or no 
catchment beyond their edges. Precipitation infiltration therefore is predominantly diffuse 
from the surface to the local water table. At present no springs are known to exist along 
the base of the ridge. The KST suggests that attempting to demonstrate a flow path from 
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the top of the ridge to the flood plain along the river at the base of the ridge would 
provide little or no useful information in the context of pipeline construction. 
Practical issues concerning dye tracing: 
There are several practical problems associated with many of VCB’s suggestions for dye 
tracing. Foremost is access to dye injection and monitoring locations. Most of the 
property owners in the areas under discussion by VCB are reticent to allow access to their 
property, and would likely be less inclined to allow repeated visits for dye trace 
monitoring studies. Many of the sinkholes noted by the VCB are in forested areas located 
far from roads, therefore access for a water truck to facilitate injection of dye would be 
limited. Furthermore, for several of the areas there are no known springs and many 
properties would have to be contacted in order to search for such locations to monitor for 
dye emergence. Some of the large known springs that act as major karst resurgences are 
likewise on other properties quite distant from MVP activities. In addition to these 
obstacles, the potential benefit is limited for assessing pipeline construction issues. It is 
also noted that dye traces are not always conclusive and more likely than not would 
provide no clear resolution to the VCB’s stated concerns. 
The VCB-suggested Sinking Creek Mountain Variation: 
The VCB suggested that the proposed alignment from approximately MP-214.7 to MP-
218.1, which traverses pastureland on the low north-west flank of Sinking Creek 
Mountain be moved over the ridge and onto the National Forest on the southeast side of 
Sinking Creek Mountain. Mountain Valley considers this suggestion to not be viable 
from an engineering and construction standpoint due to side slope conditions. Mountain 
Valley seeks to minimize tree clearing along the proposed alignment, as well as minimize 
changes to current land use, which would be required to establish the route in the 
National Forest. 
The VCB recommends more stringent watershed basin delineation: 
The Mountain Valley KST provided a discussion above on the most reasonable 
interpretation of surface and subsurface flow directions in karst terrain areas of concern 
pointed out by the VCB. Those portions of watersheds (above or below ground) that are 
upgradient from the proposed alignment, with respect to flow, are not at risk. Mountain 
Valley suggests that formal watershed basin delineation would provide little relevant 
information in the context of pipeline construction. 
The VCB recommends additional water source testing: 
The Water Supply Identification and Testing Plan establishes the criteria for property 
owner outreach, data gathering and testing of water sources (including springs) along the 
proposed alignment, including karst terrain. The Plan is currently being implemented in 
the northern and southern extents of the proposed alignment. In the karst areas of the 
alignment, property owner outreach and water source identification, assessment and 
testing will commence in mid-2017. This Plan directs Mountain Valley to complete a 
comprehensive and relevant water resource assessment and testing program. Many 
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property owners have not granted Mountain Valley permission to access their property, 
which is also anticipated for water resource testing.  
The VCB charges the DEIS does not document channels terminating in swallets: 
Please refer to the table provided below that identifies karst swallets more than 500 feet 
from the proposed alignment and spring outlet. 

Downgradient Karst Swallets Identified More Than 500 feet from the Proposed Alignment and 
Spring Outlet 

County Swallet Name MP Approximate 
Distance (miles) Spring / Resurgence 

Giles Sink on Dry Branch 202.3 0.6 Klotz Spring (traced DCR) 
Giles Losing stream and/or sinks 207.2 1 Bell Spring (most likely) 
Giles Losing stream and/or sinks 207.4 0.8 Bell Spring (most likely) 
Giles Losing stream and/or sinks 207.8 1 Bell Spring (traced DCR) 

Giles Sinks of Sinking Creek 211.1 3 Rise of Sinking Creek  (traced, 
Saunders) 

Giles Swallet in sinkhole filled with 
farm refuse 216.5 0.13 Spring at Steele Acres Road (most 

likely as only 370 feet away) 
Montgomery Slussers Chapel Cave 221.9 0.6 Mill Creek Spring (traced DCR) 
Montgomery Mill Creek sink point 1 222.4 0.4 Mill Creek Spring (traced DCR) 
Montgomery Mill Creek sink point 2 222.85 0.12 Mill Creek Spring (traced DCR) 

Montgomery Swallet near Johnsons 
Cave 227.7 0.17 Johnsons Cave Spring (most likely) 

 

The VCB charges that the DEIS fails to adequately identify karst features: 
The VCB states in its letter: 

“FERC relies upon the applicant’s desktop review of publicly available data to 
identify 94 instances of karst features within Summers and Monroe Counties, West 
Virginia and Giles, Craig, and Montgomery Counties, Virginia. That review is 
limited to areas within ¼ mile of the MVP Filing Alignment. FERC describes these 
features as “sinkholes, caves, and caverns.” That level of review is far too narrow 
and fails to account for portions of the karst system beyond mapped caves and the 
most obvious surface features. Because the DEIS fails to identify and assess 
impacts to the broader karst system, it does not comply with NEPA.” 

The KST established a 0.25-mile karst review buffer (noted as the secondary karst buffer 
in the Karst Hazards Assessment) as a guideline. In some locations, it is more than 
enough to adequately catalogue and describe karst. In other locations, the KST included 
features well beyond the 0.25-mile buffer. Some notable examples of karst delineation 
beyond the 0.25-mile buffer are features in the Mount Tabor area such as Slussers Chapel 
Cave, Mill Creek Spring, Old Mill Cave Spring, as well as insurgences on Dry Branch. 
Beyond just sinkholes and caves, the KST observations have included water insurgences 
(swallets), losing streams, resurgences (springs), seeps, and small limestone quarries. The 
KST also identified faults and fractures in the field along with various contacts between 
geologic units. Throughout the Project the KST considered the full extent of the karst 
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hydrologic system and based the assessments on the KST’s combined decades of 
experience in assessing karst terrain in the areas traversed by the proposed alignment. 
In conclusion, based on the nature of construction, controls to be implemented by 
Mountain Valley, and on the nature of karst terrain, Mountain Valley considers the 
primary risk to karst hydrology (this is generally applied to all karst terrain, for any 
construction project) to be potential sediment release and transport along autogenic 
recharge pathways. In the vicinity of the valley floor northwest and parallel to Sinking 
Creek Mountain (the larger karst catchment is shown in Figure 4), several alignment 
adjustments were made to avoid sinkholes, swallet, and losing streams to the extent 
possible. Where a flowing stream is crossed by the proposed alignment that may 
subsequently sink into karst terrain, stringent stream crossing measures will be taken to 
ensure that the stream is not degraded (this applies to any location in karst terrain). The 
Mountain Valley Karst Mitigation Plan, and karst-specific Erosion and Sediment Control 
Plan specify avoidance and mitigation measures to prevent sediment release to karst 
features. To put this in the proper perspective, sediment migration in karst terrain occurs 
routinely with every precipitation event, regardless of the presence of the pipeline. 
Mountain Valley will take all reasonable and necessary actions to prevent any additional 
sediment migration in karst terrain from construction beyond what is already naturally 
occurring. 
Mountain Valley will deploy the KST as construction inspectors in karst terrain during all 
phases of construction where karst terrain traversed by the proposed pipeline. The KST 
will monitor construction to ensure that karst features are identified and protected during 
construction and in the highly unlikely event of a construction-related fluid or sediment 
release. 
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   (along strike)

The lowest point of known dry cave is 1865'.
Thus base flow is at gradient and approaching 
the elevation of Sinking Creek.

Probable karst drainage is to the southwest 
and joining the subterranean Sinking Creek 
flow regime which resurges on the New River.

Traced to Sinking Creek Rising (low flow)
and Bell Spring (high flow); (Saunders, 1981).

DCR Pig Hole Cave
Conservation Site

Sinks of Sinking Creek

£¤460
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All Locations Area Approximate
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Variation 250
Stream Avoidance Route

Dye Traces

DCR Slussers Chapel
Conservation Site

Stream
Sink

Mill Creek
Cave and Spring

Spring

Losing Stream,
Multiple Sink Points

Blake 
Preserve

Karst drainage is shown by dye trace vectors.
Sinking stream / loosing stream locations
and volumes vary with weather patterns. 
Localized storm water rapidly passes through
the karst system to Mill Creek Spring.

Stream
Sink

S
Stream
Sinks

All Locations Area Approximate

Note: Location of Pulaski Fault
is approximated in this area.

Mount Tabor 
Sinkhole Plain
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Sinkhole lineament along 
narrow unmapped shale band.

Probable karst drainage is to
the southwest along lineament 
and shale band to small spring.

Dye Traces

DCR Old Mill Cave
Conservation Site

Stream
Sink

Johnsons Cave Spring

Probable karst drainage is to
the southwest along lineament 
and Johnsons Cave to small spring.

Spring

Probable karst drainage is to the
southwest to Hancock Spring.

Probable karst drainage is to the
southwest to Old Mill Cave and
Dam Spring, and/or Hancock Spring.

Losing Stream,
Multiple Sink Points

Blake 
Preserve

Wet Weather Sink

All Locations Area Approximate

Karst drainage is shown by dye trace vectors.
Sinking stream / loosing stream locations
and volumes vary with weather patterns. 
Localized storm water rapidly passes through
the karst system to Mill Creek Spring.
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!!

River Flow

Very small swallet in ditch / 
swale alongside road. Probable diffuse flow to local water table.

No springs known.

Area of small shallow sinkholes. Likely
indicating subsurface pinnacle/cutter and
uneven bedrock (Elbrook) along ridge.
Sinkholes have little or no contributing watershed.
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Norfolk Southern Railroad

Norfolk Southern Railroad
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All Locations Area Approximate
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