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From: White, Charles G [charles.g.white@shawgrp.comj

Sent: Friday, June 13, 20084:13 PM

To: Desisto, Carl

Subject: Fw: Vogtle Logistics Study

It is expected that this could be authorized soon, unless the needed information exists elsewhere.

Regards,
Charlie G, White
Shaw Power Group
Office +1 856 482 4000
Mobile +16092875247

From: Nance, Steve
To: Bigelow, Richard; Beckman, Alan
Cc: Allison, Kenneth; White, Charles G
Sent: Fri Jun 13 08:08:55 2008
Subject: RE: Vogtle logistics Study

Team,

: fact, the current WEd plan has the eqUiP~ent offloaded at Charlestontot Savannah) and transferred to inland
barges for the 100 mile ferry to Savannah. j ; I
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From a construction engineering standpoint, we need to do this qulckly, since the civil engineering for the barge
slip affects the site grading and the other contents of the master earthwork contract which is
currently underway.

Steve S. Nance
Project Engineer - AP1000 Vogtle 3&4
Shaw Power Group
(269)-369-6395

From: Bigelow, Richard
sent: Friday, June 13, 20088:40 AM
To: Beckman, Alan
Cc: Nance, Steve; Allison, Kenneth; White, Charles G
SUbject: Vogtle Logistics Study

AI:

Charlie got me in touch with Carl DeSisto yesterday. Carl is the Global Logistics Manager for Shaw. He works out
of Cambridge, MA.

Carl's group did a study of the logistics for Vogtle It•••••••• in 2007.

Here's an excerpt from the Vogtle Study - inland water mode is highlighted:

B. PURPOSE OF STUDY
o To investigate all modes of transport (MOT) for shipments of general, break bulk and

over-dimensional & over-weight equipment coming inbound from abroad, through
the Port of Savannah, Georgia, to Plant Vogtle Nuclear Facility, Girard, GA. 30426.c._
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o INLAND WATER- Georgia Power / Southern Company has solicited the Army
Corp. of Engineers (ACOE), Savannah District, to do a Study on the Savannah River.
The name of the Project is "The Savannah River- Below Augusta Report", due to be
available for public access in April 2007.The repot will include hydrographic
soundings throughout the waterway, side scan surveys, bridge clearance heights and
width verification, identification of all other natural or man-made impediments, etc.

Per the ACOE, they stopped dredging the Savannah River up to Augusta in 1979 and
started to return the river back to its natural state in the 1980's. From the mouth of the
Port of Savannah (Ft. Pulaski) to Augusta is 202 nautical miles, to Plant Vogtle is
approx. 146 nautical miles.
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Let me know ifyou'd like a hard copy of the report and also the report, This file is huge
(58Mb) so it probably wouldn't go via e-mail. I can probably get you access to the logistics portal if
you'd like.

Rick

Rick Bigelow
Prime Contract Manager, Vogtle 3 & 4 AP1000
Shaw Power, Nuclear
128 South Tryon St.
Charlotte. Ne 28202
980,321-8065Direct
660.930.3074 Cell

'j

Shaw® a worldof SolutionsTM

www,shawofQ&QID
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From: Desisto, Carl [carl.desisto@shawgrp.com]

Sent: Tuesday, JUly 22, 2008 7:12 AM

To: White, Charles G; Hooper, Ashley; Terres, Edwin

SUbject: FW: Southern Company VogtleTransportation Plan

Gentlemen; Please see a two part message from Westinghouse that outlines a presentation madeto Southern
Companies by Westinghouse. The actualpresentation slidesare contained in a separate message.
I understand from Westinghouse that the results of the Savannah River Dredge Study has completed and that the
preliminary results indicated that approximately 6000yardsof the river needsremedial action in the form of
dredging. This is significantly less than was expected. However, the studydid uncoverthe need to remove
extensive amountsof dead trees and tree debris fromthe river. This was unexpected.
The rail study is not yet finished.
As I understand it, Southern Companies and Westinghouse are scheduled to meetwith the ArmyCorpsof
Engineers to discussthe resultsof the River.Shaw has beenaskedto attend and Westinghouse will advise
further.

Pleaseadviseif any questions.

Carl F. DeSisto
Manager ofGlobal Logistics
The Shaw Group, Inc
One Main Street
Cambridge, MA 02142
Direct: 617-494-744
Cell: 617-388-8896
Email: ~IJ.desi~~~hawgrp.cQm

shaw" a world of Solutions™
www.shawgrp.com

From: Neubert, Jeffrey [mailto:neuberj@westinghouse,com]
Sent: Tuesday, July 22, 20087:19 AM
To: Desisto, carl
SUbject: Southern Company Vogtle Transportation Plan

Carl,

As we discussed, here is the presentation I used last week to update Southern Company on the transportation
plans for Vogtle. Please call with any questions. Thanks.

Jeff

12/3/2008
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From: Newberry. Glen [glen.newberry@shawgrp.comJ

Sent: Monday, June 16,2008 5:58AM

To: Holt, Robert

Subject: FW: VogUe Logistics Study

Importance: High

FYI

Glen Newberry
Site Development Manger
Vogtle Project
Office704-331-6186
Cell 423-243-8066

From: Allison, Kenneth
sent: Friday, June 13, 2008 12:18 PM
To: Newberry, Glen
SUbject: FW: VogtleLogistics Study
Importance:· High

Carl Desisto - (617) 494-7441 Desk: (617)388-8896 Cell

Meeting will be in Birmingham, 6119, at 9:00am. Wewill probably haveto travel Wednesday evening. Steve
Nance, Car Desisto (or equivalent), you and I will be fromShaw. NormBoyterand otherswill be fromWEC.

Ken Allison
Project Manager- Vogtle 3 & 4 AP1000
Shaw Power - Nuclear
128 South Tryon SI.
Charlotte, NC 28202
704.378.5006 Office
704.331.1312 Fax
817.371.5421 Cell

From: Nance, Steve
sent: Friday, June 13, 20089:09 AM
To: Bigelow, Richard; Beckman, Alan
Cc: Allison, Kenneth; White, Charles G
Subject: RE: Vogtle Logistics Study

Team,

In fact, the currentWECplan has the equipment offloadedat Charleston (not Savannah) and transferred to inland
bargesfor the 100mile ferry to Savannah. As you see from the summary below, Savannah hasvery little in the
way of heavy lift capability- which is why they are performing a majorupgrade to their deepwater harboron the
north bank.
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From a construction engineering standpoint, we need to do this quickly, since the civil engineering for the barge
slip affects the sile grading and the other contents of the master earthwork contract which is
currently underway.

Steve S. Nonce
Project Engineer - APlOOO Vogtle 3&4
Shaw PowerGroup
(269)-369-6395

From: Bigelow, Richard
Sent: Friday, June 13, 2008 8:40 AM
To: Beckman, Alan
Cc: Nance, Steve; Allison, Kenneth; White, Chartes G
SUbject: Vaglle logistics Study

AI:

Charlie got me in touch with Carl DeSisto yesterday. Carl is the Global logistics Manager for Shaw. He works out
of' Cambridge, MA.

12/3/2008
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Cart's groupdid a studyof the logistics for VogUe•••••• in 2007.

Here'sanexcerptfromthe VogUe Study - inland watermode is highlighted:

B.PURPOSE OF STIJDY
o To investigate all modes of transport (MOT)for shipments of general,breakbulkand

over-dimensional & over-weight equipment coming inboundfromabroad, through
the Port of Savannah, Georgia, to PlantVogtleNuclearFacility, Girard, GA.30426.

o INLANDWATER- Georgia PowerI Southern Company hassolicited the Anny
Corp. of Engineers (ACOE), Savannah District, to do a Studyon the Savannah River.

121312008
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The name of the Projectis "The Savannah River- BelowAugustaReport".due to be
availablefor public access in Apri12007.The repotwill includehydrographic
soundingsthroughoutthe waterway, side scansurveys,bridgeclearanceheightsand
widthverification, identification of all other naturalor man-made impediments, etc.

Per the ACOE, they stopped dredging the Savannah Riverup to Augustain 1979and
startedto return the riverbackto its natural state in the 1980's. From the mouthof the
Port of Savannah(Ft. Pulaski) to Augustais 202 nautical miles, to Plant Vogtleis
approx. 146nauticalmiles.

E.
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..
Let me know if you'd like a hard copyof the reportand also the report, This file is huge
(58Mb)so it probablywouldn't go via e-mail. I can probablyget you accessto the logistics portal if
you'd like.

Rick

Rick Bigelow
PrimeCOntnlct Manager. VogUe 3 & 4 AP10DO
Shaw Power· Nuclear
128SouthTryon SL
Charlotte, Ne 28202
9B0-321-8065 DIrect
860.930.3074 Cell

Sh~ a wond of Solulions'lM
www.shaWgrn.com
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From:

Sent:

To:

Page 1 of 1

Lotterhos, David [david.lotterhos@shawgrp.comj

Thursday, June 12,2008 11:44 AM

Bradberry, Dolan; Ehele, Stephen; Lafoon, Jack; McDade, Christopher; Newberry, Glen;
Rutherford, Michael

SubJect: Condition Survey

Attachments: Condition Survey.PDF

Team VogtJe:

Here is the initial reportby the USACE Savannah Districton the depthcondition of the Savannah Riverand
estimated dredging
quantitiesrequired to providenavigability for the barge traffic (module andequipment transport) to Vogtle. A
secondmore detailed
version is expected. This continues to be the biggest challenge to our logistics plan.

David L.

12/3/2008
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Savannah River Below Augusta
U.S. ARMY CORPS OF ENGINEERS· SAVANNAH DISTRICT

HOUGHLIHAN BRIDGE TO AUGUSTA LOCK AND DAM (....··ml.21· mi. 187)
5-Feb-G8

Page 1 of 2

Location Reach Date of Authorized Protect We.tQtr
From I To Lenath Survey Width Depth Mln.Depth

MileMal1ter miles .(Ft.)

Houghllhan Bridge 21.5 21.0 25.0 4.0 14-Dec-G7 90 9 11.0

26.0 30.0 5.0 " 90 9 10.0

30.0 35.0 5.0 " 90 9 10.0

36.0 40.0 5.0 " 90 9 7.0

40.0 45.0 5.0 " 90 9 5.0

Ebenezer landing 44.8 46.0 50.0 5.0 13-Dec-G7 90 9 4.0

50.0 55.0 5.0 .. 90 9 5.0

55.0 60.0 6.0 " 90 9 4.5

Tuck landing 62.0 60.0 65.0 5.0 " 90 9 6.0
Bostlck-8toke. landing 63.75

66.0 70.0 5.0 " 90 9 6.0

Porter's landing 70.0 70.0 75.0 5.0 " 90 9 5.0

HUdson Ferry Landing 77.0 75.0 80.0 5.0 " 90 9 5.0

80.0 85.0 5.0 " 90 9 6.0

Poor Robin 86.0 86.0 90.0 6.0 .. 90 9 5.0

90.0 96.0 5.0 12-Dec-G7 90 9 5.0

Brier Creek 97.0 95.0 100.0 5.0 .. 90 9 6.0

Cohen's Bluff 104.0 100.0 105.0 5.0 " 90 9 5.5

Tuckahoe landing 107.0 105.0 110.0 5.0 " 90 9 5.5

Tucker Camp Landing 114.0 110.0 115.0 5.0 " 90 9 6.0

Burton's Ferry 119.0 115.0 120.0 5.0 " 90 9 6.0

Johnson's landing 124.0 120.0 125.0 5.0 29·Nov-07 90 9 6.0

125.0 130.0 5.0 " 90 9 5.0

Little Hell Landing 135.0 130.0 135.0 5.0 " 90 9 5.0

135.0 140.0 5.0 28·Nov'()7 90 9 4.0

Steele Creek Landing 141.0 140.0 145.0 5.0 " 90 9 5.0

Brlgham's Landing 144.0
Vogtle Point Landing 149.0 145.0 150.0 5.0 " 90 9 5.5

Hancock Landing 151.6 150.0 155.0 5.0 " 90 9 5.5

SNC794 VESP_00001485



Savannah Riveraelow Augusta
U.S.ARMY CORPS OF ENGINEERS· SAVANNAH DISTRICT

HOUGHLIHAN aRIDGE TOAUGUSTA LOCK AND DAM (*mml. 21 • mi. 187)
5oFebo08

Page 2 of 2

Location Reach Oate of Authorized Project
From I To Length Survey Width Depth

landings Mile Marker mil•• (Ft.)

Hancock landing 151.6 150.0 155.0 5.0 28·Nov-G7 90 9 5.5

155.0 1&0.0 5.0 .. 90 9 5.0

Shell Bluff Landing 161.8 160.0 165.0 5.0 .. 90 9 6.0

Gray'. landing 169.0 165.0 170.0 5.0 27·Nov-G7 90 9 6.0

Sliver BlufflandIng 174.0 170.0 175.0 5.0 .. 90 9 6.0

175.0 180.0 5.0 .. 90 9 6.0

180.0 185.0 5.0 .. 90 9 6.5

Savh aluff Lock and Dam 185.0 187.0 5.0 .. 90 9 6.5
MUe187.00

Savannah River Below Augusta
Hydrologic: Conditions Summary

Depths were measured between Houlihan Bridge (River Mile 21.S) and the New Savannah Bluff Lock and
Dam (River Mile 187) between 27 Nov 2007 and 14 Dec 2007. The Savannah River Basin was experiencing a
persistent drought during this time which set new record low streamflows on several headwater gages. In the
Savannah River below Augusta, all mainstem gages were below 1alh percentile flow. Below is a table of average
flow during the measurement period:

Table 1. Summary of SRBA flow for 27Nov - 14 December 2007
Gage Location Observed Mean Flow (cfs) Median Flow (cfs)
Augusta 3910 6300
Waynesboro 4460 6000
Millhaven 4160 7000
Clyo 4400 8000
• Provisional data subject to revision by the United States Geological Survey

Extreme drought has resulted in reduced base flow from tributaries. The Savannah District reservoir system is in
drought trigger level 2 with a daily average minimum release target of 3600 cfs from Thurmond Dam.
Navigational use at these river stages is significantly impacted and potentially hazardous for deeper draft vessels.

SNC794 VESP_00001486
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SRBAyardage calculations

, naeptn 2 novel'depth
mile mile length bank width cyds length bank width 00

45 50 750 1.0 90 2,500 750 2.0 90 5,000
50 55 3,000 2.0 90 20,000 3,000 2.0 90 20,000
55 60 1,000 1.5 90 5,000 1,000 2.0 90 6,667
60 65 4.000 2.0 90 26,667 4,000 2.0 90 26,667
65 70 1.500 1.0 90 5,000 1,500 2.0 90 10,000
70 75 2,500 1.0 90 8.333 2,500 2.0 90 16.667
75 80 2.000 1.0 90 6,667 2.000 2.0 90 13,333
80 85 1,700 1.0 90 5,667 1,700 2.0 90 11.333
85 90 3,000 1.0 90 10,000 3,000 2.0 90 20,000
90 95 1,000 0.5 90 1,667 1,000 2.0 90 6.667
95 100 200 0.5 90 333 200 2.0 90 1,333
100 105 1,000 0.5 90 1,667 1,000 2.0 90 6,667
105 110 1,000 0.5 90 1,667 1,000 2.0 90 6,667
110 115 1,000 0.5 90 1,667 1,000 2.0 90 6,667
115 120 500 0.5 90 833 500 2.0 90 3,333
120 125 1,000 0.5 90 1,667 1,000 2.0 90 6.667
125 130 3,000 0.5 90 5.000 3,000 2.0 90 20,000
130 135 2.500 1.0 90 8.333 2,500 2.0 90 16,667
135 140 2,500 1.0 90 8.333 2.500 2.0 90 16,667
140 145 1,500 0.5 90 2,500 1,500 2.0 90 10,000
145 150 5,000 1.0 90 16,667 5,000 2.0 90 33,333
150 155 4.000 1.0 90 13,333 4,000 2.0 90 26,667
155 160 1,000 0.5 90 1,667 1,000 2.0 90 6,667
160 165 1,000 0.5 90 1,667 1,000 2.0 90 6,667

<m
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o
o
o
o
....Jo.

~
00......

Totals 45,650 156,833 304,333



From:
Sent:
To:

Cc:
Subject:

Day, Ed
Wednesday, November 19, 2008 4:56 PM
Cuchens, James W.; Hawkins, Tracy L.; McGill, Ted Milan, Jr.; Woodfield, Steve W.;
Manuel, Penny Morris
Lazenby, Chris; McKinney, David L.; Bruhn, G. Mitch; Campbell, Ronald R.
RE: AP1000 Nuclear Support

Absolutely. Any information pertaining to nuclear from E&CS should be copied to me, David
McKinney and Mitch Bruhn.

Thanks for the heads up.

From:
Sent:
To:
Cc:
Subject:

Cuchens, James W.
Wednesday, November 19, 2008 4:09 PM
Hawkins, Tracy L.; McGill, Ted Milan, Jr.; Woodfield, Steve W.; Manuel, Penny Morris; Day, Ed
Lazenby, Chris
AP1000 Nuclear Support

SNC795

As you are aware, SNC is in various stages of permitting 2 new units at Vogtle (3 & 4).
In the process of permitting, various contentions were filed against Vogtle 3 & 4 by
joint interveners which were targeted at the implementation of dry cooling technologies.

« File: vogtle 3-4 schedule.jpg »
The following link depicts the NRC's ruling on SNC's motion to strike the contention
filed against Vogtle 3 & 4.

http://www.cleanenergy.org/documents/ASLB-Vogtle Memorandum and Order LBP-08
3%20EC1.3%20011508.pdf

The Joint Interveners include the Center for a Sustainable Coast, Savannah Riverkeeper,
Southern Alliance for Clean Energy, Atlanta WomenBs Action for New Directions, and
Blue Ridge Environmental Defense League.

As a result of these contentions, SNC has engaged Chris Lazenby and myself to
conduct various design studies associated with comparisons of cooling technologies
and the feasibility (or lack thereof) of utilizing an Air Cooled Condenser on the current
AP1000 standard unit design. We have also been working vvith SNC and lawyers at
Balch & Bingham and serving in the capacity of expert witnesses in the area of cooling
technology. To this extent, we have prepared and signed an official affidavit to be entered
as evidence in the upcoming hearing on this issue before the NRC, and have prepared a
presentation to be given in person at the same hearing. A copy of the study as well
as our prepared testimony and presentation to the NRC are located FYI at the following
temporary link:

S:\Temporary User Storage (Deleted each Sunday)\Inverness - Area 1\SNC AP1000

We thought you might be interested in knowing of Technical Services involvement in
supporting the future nuclear units on the Southern Company. We also thought you
should be aware of our involvement and responses associated with serving as expert
witnesses before the NRC licensing board expected to occur early next yea.r/2009.

The PowerPoint presentation has some degree on animation and should be viewed as
a slide show for full visual effects. If you have any interest in hearing the presentation

VESP_00001488
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1st hand, please let us know.

Thanks for your interest and support !
Regards,

Jim Cuchens Principal Engineer· Cooling Systems
Southern Company Generation - Technical Services/Power Engineering
if Phone: (205) 992-6525 Link: 1*60*6014 Gil Fax: (205) 992-0361 Q) Cell: (205) 527·9695
?M SNAIL MAIL: P.O.Box2625.Birmingham.AL 35202
1?J EXPRESS MAIL: 42InvernessCenterParkwaY.Birmingham.AL 35242
o EMAIL:_mailto:jwcuchen@southernco.com

Jim Cuchens Principal Engineer· Cooling Systems
Southern Company Generation - Technical Services/Power Engineering
S Phone: (205) 992-6525 Link: 1*60*6014 Gil Fax: (205) 992-0361 Q) Cell: (205) 527-9695
o SNAIL MAIL: P.O. Box2625,Birmingham,AL 35202
o EXPRESS MAIL: 42 Inverness Center Parkway, Birmingham, AL35242
o EMAIL:_mailto:jwcuchen@southernco.com

VESP_00001489



From:

Sent:

To:

SNC796

Page 1 of 4

Wilson, Jeffrey A.

Tuesday,October 28,200812:11 PM

Blalock, Tanya D.; Moorer, Tom C.; Godfrey, Mike (Environmental); Montz, Matthew
Thomas

Cc: Just, RonnyD.

Subject: RE: SACEIProposedNuclearExpansion in Ga. Sees Setback

Follow Up Flag: Follow up

Flag Status: Purple

Amoi Geter in SNC Public Affairs will respond.

--_..,--_.,-------------------
From: Blalock, Tanya D.
Sent: Tuesday, October 28,20081:10 PM
To: Moorer, Tom C.; Godfrey, Mike(Environmental); Montz, MatthewThomas
Cc: Just, Ronny D.; Wilson, Jeffrey A.
SUbject: FW: SACE I Proposed Nuclear Expansion in Ga. Sees Setback

Advice please!!!! Does SNC have a response to the ruling? I have askedJeff Wilson (corpcomm)to get
with Carrie Philips.

Tanya

From: Wilson, Jeffrey A.
Sent: Tuesday,October 28, 2008 1:01 PM
To: Wright, W. Tal; Just, Ronny D.; Blalock, Tanya D.
Subject: FW: SACE I Proposed Nuclear Expansion in Ga.Sees Setback

Rob Paveyat The AugustaChronicle wants our response to this ruling. Will it prolong/threaten the ESP?
How muchdredging wouldbe necessary?

He's writing a short articleabout this for tomorrow's edition.

From: Pavey, Rob [mailto:rob.pavey@augustachronicle.com]
Sent: Tuesday, OCtober 28,200812:57 PM
To: Wilson, Jeffrey A.
SUbject: FW: SACE I Proposed Nuclear Expansion in Ga. sees Setback

Jeff,
Here ya go
Robbie

Rob Pavey, Outdoors Editor
The Augusta Chronicle
4272 Washington Road, Suite 3·B
Evans, Ga., 30809
706-868-1222, ext. 119
FAX: 706-868-9824
rob.pavey@augustachronicle.com

12/3/2008
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From: Christina Connally Honkonen [mailto:christina@c1eanenergy.org]
Sent: Tuesday, October 28, 2008 12:08 PM
To: Christina Connally Honkonen
Subject: SACE I Proposed Nuclear Expansion in Ga. sees Setback

THE SOUTHERN ALLIANCE FOR CLEAN ENERGY
FOR IMMEDIATE RELEASE
Tuesday, Oct. 28, 2008

CONTACT:
Christina C. Honkonen, Media Liaison,

865.228.1567

Proposed Nuclear Power Expansion in Georgia Suffers Another Setback:

Judges rule that barging impacts on Savannah River must be considered

Savannah, Ga. - Georgia utilities pursuing nuclear power expansion at Plant Vogtle
were told by the U.S. Nuclear Regulatory Commission's three-judge panel Friday that
the impacts of the proposed restoration of navigation and dredging of the Savannah
River must be considered before the federal agency can issue permits for the new
nuclear reactors. This ruling was another victory for concerned public interest
organizations engaged in an ongoing legal effort to prevent environmental damage
from the proposed addition of two more reactors at Southern Company's Plant Vogtle
along the Savannah River, near Augusta, Ga.
''This ruling reminds us that certain new power plant proposals are not just costly to our
pocketbooks but are costly to the water resources upon which our economy, residents
and the environment rely," said Sara Barczak, program director with Southern Alliance
for Clean Energy, one of the intervening organizations in their Savannah field office.
Southern Company plans to use the Savannah River to barge components for the
proposed Vogtle expansion. The organizations argued that barging would require
dredging the channel, releasing massive amounts of water from lakes Hartwell and
Thurmond. And the final Environmental Impact Statement for the early site permit,
issued by the Nuclear Regulatory Commission (NRC) in August, did not analyze these
impacts. By admitting the new navigation contention, the Atomic Safety and Licensing
Board agreed that these impacts must be considered now, and rejected Southern
Company's argument that these impacts are beyond the scope of the NRC's permitting
authority.
The Savannah River has not been used for navigation in three decades. In fact, the
Army Corps of Engineers has allowed the river to begin recovering from the past uses
and abuses. Starting commercial navigation would reverse years of the Corps'
environmental stewardship and collaboration. Resumption of regular commercial
shipping on the river would require the Corps to use significant amounts of water from
upstream reservoirs. This could impact lake levels at Hartwell and Thurmond (two of
the most popular Corps recreation sites in the country), the power generation capacity
of reservoirs, and the water supply for other municipal and industrial users. Under
recent drought conditions, releases from the reservoirs have been curtailed by the
Corps to preserve water in the lakes. It is unlikely that current releases from the

12/3/2008
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reservoirs would be sufficient to support barge traffic on the river.
Resuming commercial navigation for Southern Company's proposed nuclear expansion
project would be an expensive project, requiring major dredging of over 116 miles from
Savannah to Augusta requiring over 100 barge shipments to nuclear Plant Vogtle.
Dredging could stir up contaminated, toxic and even radioactive sediment that could be
costly to dispose. The impacts to water quality for water users and aquatic habitat as
well as sport fisheries for striped bass, shad, and others could be devastating.
"It is gratifying to see that the Board agrees that dredging the river is a consequence of
Vogtle expansion that should have been dealt with in the original Environmental Impact
Statement," said Dr. Frank Carl, executive director of the Savannah
Riverkeeper. "Indeed, dredging is a very disruptive activity that should be done only if
no acceptable alternatives are available. Fortunately, there are alternatives."
The organizations have consistently stated that increased energy demand in Georgia
and across the region should be met by aggressive energy efficiency and conservation
measures and clean energy choices such as wind; solar and bioenergy. Throughout
the legal challenge, the organizations have argued that these other energy measures
pose significantly less risk to the economy, local communities and water resources
while playing an important role more quickly and affordably reducing global warming
pollution.
The Early Site Permit is the first step by Georgia utilities to obtain federal approval for
new nuclear reactors at Plant Vogtle. Southern Company's nuclear division, Southern
Nuclear Operating Company, filed for the permit with the NRC in August 2006 on
behalf of Plant VogUe's co-owners, Georgia Power (a subsidiary of the Southern
Company), Oglethorpe Power, the Municipal Electric Authority of Georgia (MEAG
Power) and Dalton Utilities. If approved, the permit could be used at any time for up to
twenty years in any future applications with the NRC.
The Board will consider impacts of barging at a hearing on March 16-19, 2009 in
Waynesboro or Augusta.
Download the Savannah River navigation and dredging contention that was filed in
September 2008.
http://www.cleanenergy.org/documentsNogtle IntervFI NALMotion NewContention0922
08.pdf
Download the Atomic Safety and License Board Panel's ruling on Oct. 24, 2008,
accepting the filed contention listed above.
http://www.c1eanenergy.org/documents/ASLBVogtleNewContentionAdmittedOrder1 0
24-08.pdf
The original December 2006 petition filed by the intervening organizations can be
downloaded at bUJ2;1!.'!YYY..W-,-clf2gnenergY-.9-m1medjgB.9..QmLin(;'-~~-,-Gfm?

p-res§lJ2_::=J_~Z.&_~QJj.Qrqer:::Ple§sdate&fLQW:=1~

For more information on the NRC's Vogtle early site permit application process,
visit hltp:/!www.QrG.gQy/rei.tc:tQrsLIl~w::reactQrs/e~p/vQglle.htmL

###
Christina Connally Honkonen
Media Liaison

cleanenergy.org

Working for a clean energy future

12/3/2008
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Southern Alliance for Clean Energy
PO Box 1842
Knoxville, TN 37901
(0) 865.637.6055 X 10
(C) 865.228.1567
(F) 865.524.4479
christina@cleanenergy.org
www.cleanenergy.org

12/3/2008
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From:
Sent:
To:

Cc:
Subject:

Dodd, Anthony Ray
Friday, November 14, 2008 10:37 AM
Middlebrooks, Kenneth D.; VNP Dispatchers; Williams, A. L. (Tony); Stuhaan, Chuck
E.; Walden, Kevin C.; Manigo, D'Andre
Candler, W. Jim; Montz, Matthew Thomas; Broadwell, Tom L.
P.O.D. River Study

SNC797

Follow Up Flag: Follow up
Flag Status: Yellow

Gentlemen,

Tony Dodd and Tom Broadwell with GPC Environmental Field Services will be performing
impingement sampling at the Vogtle river water intake structure Wednesday through
Thursday, 19-20 November 2008. They will be working in the area during night and day
hours over the 24 hours period and are requesting Gates 12 and 13 remain open during that
time.

Tony will contacting the Unit 2 Operator periodically to ask for assistance to have the
traveling screens at the intake structure rotated on three instances during the study (2030 hrs
Wed, 0830 hrs Thursday, and 2030 hrs Thursday). Kevin Walden and D'Andre Manigo are
our onsite contacts. Please include this activity in the POD for 19-20 November. Thanks for
your help and please let me know if you have any questions.

TOllY Dodd, CFP
Environmental Specialist

Georgia Power Environmental Lab
5131 Maner Rd.
Smyrna, GA 30080
Office Ph: 404-799-2142
Office Fax: 404-799-2141
Blackberry: 404-434-9412

This e-mail and any of its attachments may contain proprietary Southern Company and/or affiliate information that is
privileged, confidential, or protected by copyright belonging to Southern Company and/or its affiliates. This e-mail is
intended solely for the use of the individual or entity for which it is intended.

Please consider the environment before printing this emeii.

VESP_00001494



This electronic mail message may contain privileged and confidential
information which is intended solely for the indicated recipient. If
you have received this message in error, please delete the message
wi thout reading it and notify the sender.

To:

Plant Vogtle Impingement Assessment team members

This summary provides information from the 1r" of 24 planned sampling impingement events at
the Plant Vogtle make-up water intake structure. This sampling event was conduct~dTony
Dodd of GPC's Environmental Field Services Group during 5 - 6 November 2008.

Operation

screens were operational.

Sampling

Impingement sampling was conducted at the Plant Vogtle in re reen wash outfall pit
between 2030 hrs on 5 November and 2030 hrs on 6 Nove e traveling screens
were rotated and purged of any prior impinged debris vl the sc en sh system before setting
the insert net for collection. One fish, hogchoker - T.. mac la us, measuring 104 mm in
total length and weighing 27.0 grams was collecte in the d pie). To date, a total of 71
organisms representing 18 species in 10 taxonom familie comprising a total biomass of 623.2
grams have been collected in the impingem pr. gram.

Other Observations

ent averaged 17.3°C. Flow in the Savannah River
USGS Waynesboro Gage No. 021973269).

7llIII1lIoGPr. Environmental Field Services, 404-799-2142
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1. INTRODUCTION

Southeastern Natural Sciences Academy (SNSA) conducted a 24-month study within the

Savannah River Basin (SRB). The goal of this research was to characterize the effects of the

urban corridor on Savannah River water quality under baseline and storm event conditions, with

special attention to dissolved oxygen and carbon dynamics. The study was designed to identify

source and sink areas for key inorganic and organic constituents.

The study included continuous monitoring, monthly chemical and biological sampling and also

incorporated major stochastic events to evaluate the impact of storms. This research was

designed to estimate the annual mass flux by employing a network of fixed water quality

monitoring stations within and downstream of the urban river reach. Also included were Butler

Creek and Horse Creek, listed respectively on Georgia and South Carolina 303(d) lists, and

Stevens Creek (SC). The study was designed to identify source and sink areas for key inorganic

and organic constituents. This was employed to estimate the current loadings from natural and

anthropogenic sources into the urban corridor and downstream areas.

1.1. Savannah River Background Information

Savannah River flows for approximately 3l2-miles from its headwaters in the Blue Ridge

Mountains to the Atlantic Ocean near Savannah, Georgia. The river forms much of the border

between Georgia and South Carolina, bisecting three distinct physiographic regions - the

Appalachian Plateau, Piedmont Province and Coastal Plain. The Savannah River Basin (Figure

1-1) receives drainage from approximately 10,600 square miles of watershed located in North

Carolina, Georgia, and South Carolina.

Near the headwaters, the Seneca and Tugaloo Rivers join and are impounded to form Lake

Hartwell. Below Hartwell Dam, the river is further regulated by Richard B. Russell and J. Strom

Thurmond dams and their associated impoundments. These three impoundments stretch 120

river miles (USACE 1996), and are primarily constructed for flood control and hydroelectric

power generation. Beginning approximately 13 miles below Thurmond Dam, three additional

features impact river flow: Stevens Creek Reservoir and Dam; Augusta Diversion Dam and

Augusta Canal; and New Savannah Bluff Lock & Dam (NSBLD). The Savannah River becomes

a free flowing river below NSBLD. Flow patterns have also been influenced by down-river

dredging, 26 miles of channelization, and navigation cuts (Hale and Jackson, 2003). Dredging

operations from River Mile 21.3 (RM, measured from the mouth of the Savannah River) up to

1
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RM 204.4 (just above New Savannah Bluff Lock & Dam) ended in 1979 due to a lack of barge

traffic around Augusta.

1.2. Urban Corridor

This study extends the length of the metropolitan Augusta urban corridor from RM 208 to 179

(Figure 1-1). The corridor lies within Richmond and Columbia Counties in Georgia and

Edgefield and Aiken Counties in South Carolina. The urban corridor begins near the Fall Line

RM 208, immediately below Stevens Creek Dam. Just downstream is the Augusta Diversion

Dam (RM 207), which diverts a portion of the river flow into the Augusta Canal. Three small

hydroelectric projects use water supplied by the Canal to generate electricity. The Augusta Raw

Water Pumping Station uses water from the Canal to power hydromechanical turbines that pump

water from the river to a treatment plant that supplies Augusta's potable water needs. The

pumping station turbines return water to river within the last mile of the shoals (~RM 203).

The river is regulated downstream by New Savannah Bluff Lock & Dam, just above RM 187.

Between the Augusta Diversion Dam and New Savannah Bluff Lock & Dam water level and

current velocities are modified by the pool effect. Historic peak flows in the Augusta corridor

prior to construction of impoundments were between 200,000 to 300,000 cubic feet per second

(cfs), but today rarely exceed 40,000 cfs (USACE 1996). Flow remains rather constant

seasonally, but varies widely throughout the day due to hydroelectric production schedules. Two

USGS gauges, located within the urban corridor, provided flow data from the past 50+ years.

Since Thurmond Dam operation began, peak flows have been greatly reduced and low flows

have increased causing an overall dampened hydrograph (Hale and Jackson, 2003).

There are four creeks within the urban corridor, Reed Creek and Rae's Creek, which flow into

the Augusta Canal, Horse Creek on the South Carolina side, and Butler Creek on the Georgia

side. Several municipal industrial river water withdrawals and NPDES wastewater discharges

exist within the corridor, as well as a major NPDES thermal discharge from a coal/natural gas

fired power plant.

There is minimal connectivity between the river and the floodplain within the urban corridor due

to an extensive levee system on the Georgia side. Some interaction with Black Gum Swamp on

the South Carolina side occurs near RM 190.

2
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Figure 1-1. Savannah River Basin Map
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2. METHODS

2.1. Study Sites
Nine study sites were selected on the mainstem Savannah River and three major tributaries,

including Stevens Creek (Edgefield County) and Horse Creek (Aiken County) in South Carolina,

and Butler Creek (Richmond County) in Georgia (Table 2-1). Study sites were selected based on

several criteria including accessibility, safety, security, and proximity to major source inputs

(e.g., creeks, municipal/industrial discharges, etc.). Stations at RM 119 and RM 61 were added

in August and September 2006, respectively, to better understand downstream watershed effects

on mainstem water quality.

Table 2-1. Savannah River at Risk sampling stations
River Mile or Tributary Description
215 7 miles below Thurmond Dam
Stevens Creek 4.2 upstream of mouth
202 Just below Augusta Shoals
198 1520 bridge
Horse Creek 0.4 miles upstream of mouth
190 2.5 miles upstream of New Savannah Bluff Lock & Dam
Butler Creek just upstream oflevee, 0.2 miles upstream of mouth
185 2.5 miles downstream of New Savannah Bluff Lock & Dam
179 8.5 miles downstream of New Savannah Bluff Lock & Dam
148 1 mile downstream ofUSGS Gage 021973269
119 0.25 miles upstream of USGS Gage 02197500
61 0.5 miles downstream ofUSGS Gage 02198500

Latitude
33.5959109
33.6064540
33.5027653
33.4634678
33.4619200
33.3839097
33.3730430
33.3453000
33.3179140
33.1514072
32.9403800
32.5247390

Longitude
-82.1461363
-82.0258880
-81.9906723
-81.9268230
-81.9205050
-81.9317347
-81.9481890
-81.9410000
-81.8909290
-81.7547337
-81.5019190
-81.2623880

SNC800

NOTE: River Mile (RM) designations in this report are referenced to National Oceanographic

and Atmospheric Administration nautical charts 11514 and 11515

2.1.1. Site Descriptions

RM215

Hydrology at RM 215 is highly influenced by hydropower discharges from the USACE's J.

Strom Thurmond Dam, located approximately seven miles upstream. This section of the river is

also referred to as the Stevens Creek pool, as it is impounded by SCE&G's Stevens Creek Dam,

located approximately seven miles downstream (RM 208). Depending on the magnitude,

duration, and timing of generation at both dams, water velocities ranged from 0.4 to 2 ft/sec and

depths fluctuated an average of two feet daily, with a mean cross-sectional depth of

approximately 11 feet. The river channel was relatively wide with a bed consisting primarily of

course sand. Fallen trees and limbs (snags) were common along the banks.

4
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Stevens Creek

The Stevens Creek drainage basin (HUC 03060107) includes approximately 772 square miles in

McCormick, Greenwood, Saluda, and Edgefield counties in South Carolina. The mouth of

Stevens Creek is located at RM 218, just upstream of the Stevens Creek Dam. The SNSA

research station on Stevens Creek was located approximately four miles upstream from its

confluence with the River. Releases from Thurmond and Stevens Creek Dams can affect water

depth and velocity in Stevens Creek several miles upstream of its mouth. This eight mile section

experienced daily flow reversals and average daily water level fluctuations of two feet.

Sediments in this section consisted primarily of sand and silt, with numerous snags along the

banks and within the channel.

RM202

The station at RM 202 was located approximately five miles below the Augusta Diversion Dam

(ADD) at the base of the shoals and at the upstream limit of the Augusta Pool, which extends

approximately 15 miles downstream to New Savannah Bluff Lock and Dam (NSBLD).

Hydrology at RM 202 was influenced greatly by the ADD, which, during low flows, diverted up

to 75% of the river flow into the Augusta Canal (FERC, 2006). Water levels here were held

relatively constant by NSBLD, with pool level fluctuations averaging less than one foot daily.

Mean cross-sectional depths were typically 10 - 18 feet, with measured velocities ranging from

0.28 -1.36 ft/second. This station is immediately below the most downstream river island, and a

majority of the water flows through a channel on the South Carolina side of the river. The

streambed was predominantly composed of bedrock and course sand on the South Carolina side,

and by coarse sand and silt on the more stagnant Georgia side.

RM198

This station was located in the Augusta Pool just upstream of Horse Creek and the Sand Bar

Ferry Bridge (HWY 28). At this location, most of the remaining water from the Augusta Canal

was returned to the river. Mean cross-sectional depths ranged from 13 -18 feet with velocities

between 0.3 - 1.11 ftlsec. The river channel was relatively wide with a bed consisting primarily

of course sand. Because velocities in this section were relatively low, many of the shallow areas

were covered by submerged aquatic vegetation, but the banks were lined with emergent

vegetation and trees. This was one of only two sites within the study where emergent and

submerged vegetation was present throughout the entire year. Within this section, the river was

bordered by heavy development on both sides. Recent residential development on the South

Carolina side between RMs 202 and 196 resulted in the removal of most riparian vegetation,

5
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with numerous lengths of rip-rapped banks. The Georgia side has been developed for some time,

with the Riverwalk, City Marina, and several residential developments.

Horse Creek

Horse Creek drains approximately 165 square miles in Aiken County, South Carolina. Much of

the area is rural but some urban areas also feed the creek. The Horse Creek station was located

approximately 0.37 miles upstream of the confluence with the river. Mean cross-sectional depth

at the station was approximately four feet with velocities up to 1.8 ft/sec. The stream bottom

consisted primarily of course sand, with densely vegetated banks and numerous snags. Aiken

COU1ity, South Carolina's Horse Creek Wastewater Plant discharge (NPDES No. SC0024457) is

located just downstream of the mouth of Horse Creek.

RM190

The RM 190 station was the last station in the pool section of the Savannah River, was located

approximately 3 miles upstream ofNSBLD. Cutgrass (Zizianopsis miliacea) and water hyacinth

(Eichhornia crassipes) were the primary aquatic plants inhabiting the shallow stream margins.

Mean cross-sectional depth ranged from 15-18 ft. with velocities between 0.4-1.02 ft/sec.

Bottom substrate consisted primarily of course sand.

Butler Creek

Butler Creek drains roughly 165 square miles of predominantly urban areas in Augusta, Georgia,

and joins the Savannah River approximately 0.25 miles downstream of NSBLD. The sampling

station was located just upstream of the Augusta levee gates which is below the confluence of

Butler Creek and Phinizy Ditch. Phinizy Ditch drains the 3,000 acre Phinizy Swamp, and also

receives water from the City of Augusta's J.B. Messerly Wastewater Treatment Plant (NPDES

No. GA0037621) and Levee Ditch. Levee Ditch receives drainage from urban, agricultural,

aggregate mining, and industrial sources. At this sampling location, it was often evident that

complete mixing of the two sources had not occurred but the sample methodology (left, center,

and right thirds) allowed for equal sampling of the sources which made up the composite sample.

The bottom substrate at this sampling location consisted of silt and detrital material.

RM185

The RM 185 station was located two miles below NSBLD, the first station within the free

flowing section of the Savannah River. This section experienced daily average water level

fluctuations of approximately 1 foot due to operations at NSBLD. The station was located in the

thalweg of an outside meander bend adjacent to a bank armored by rip-rap. Interaction with the

6
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floodplain began in this reach and continued to the Savannah Harbor. Mean cross-sectional

depths ranged from 10 to 18 feet with velocities between 1.6 and 2.2 ft/sec. Bottom substrate

consisted primarily of course sand.

RM179

The RM 179 station was located approximately six miles downstream of NSBLD. This was the

first station downstream of the Augusta Urban Corridor, located approximately three miles

downstream of the a pulp and paper mill discharge. The channel at this station was relatively

narrow, with mean cross-sectional depths of 15-18 feet and water velocities that averaged 1.3 

2.3 ft/sec. Like most of the free-flowing section, the bed consisted of course sand, with

numerous snags along the banks. Wing dikes in this section directed flow into the main channel

to prevent sedimentation and bank erosion.

RM148

The RM 148 station was located approximately one mile downstream of Plant Vogtle nuclear

electric plant, and was the third station in the free-flowing section of the river. This station was

downstream from the mouth of Upper Three Runs Creek, located on the Department of Energy's

Savannah River Site. Mean cross-sectional depths at this site ranged from 7 to 11 feet with

velocities between 1.8 and 2.1 ft/sec. The bed material consisted primarily of coarse sand.

RM119

The RM 119 station was located just upstream of the Highway 301 bridge and USGS Station No.

02197500. The sonde at this station was tethered to a wing dike on the SC side of the river in a

relatively straight reach. Mean cross-sectional depths and velocities at this site were 8.9 feet and

2.26 ft/sec, respectively. Snags were common in this section, with black willows (Salix nigra)

lining the shallower margins of the channel. This station was added in July 2006.

RM61

The RM 61 station was located 0.4 miles below Georgia Highway 119. The sonde at this station

was tethered to the rail bridge timber crib. Snag habitat was common in this reach. Mean cross

sectional depth and velocity at this site was 9.6 ft and 2 ft/sec, respectively. This station was

added in September 2006.

7
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2.2. Hydrology

Discharge data from several USGS stations located at or near SNSA stations were obtained for

the study period (Table 2-2). Also, hourly and daily average discharge and water level data from

USACE's Thurmond Dam were obtained for comparison to the SNSA station at RM 215.

Discharge measurements were also made by SNSA using a boat-mounted 1.5 MHz acoustic

doppler current profiler (SonTek Mini-ADP River Surveyor System).

Table 2-2. USGS Station Locations
USGS Staion # Station Name Nearest River Mile

02196690 Horse Creek at Clearwater, SC
02196999 Savannah River above NSBL&D 187
02197000 Savannah River at Augusta, GA 187

021973269 Savannah River near Waynesboro, GA 150
02197500 Savannah River at Burton's Ferry Bridge near Millhaven, GA 120
02198500 Savannah River near Clyo, GA 60

2.3. Climate

Climate data for the study period were obtained from the NOAA National Climatic Data Center

for the weather station at Bush Field Airport in Augusta, GA. These data included daily total

precipitation, min/mean/max temperature, average wind speed and direction, barometric

pressure, and min/max relative humidity.

2.4. Light Profiles

Water column light attenuation was measured using Photosynthetically Active Radiation (PAR)

sensors connected to a LiCor logger. Two sensors were used to measure the upwelling and

downwelling PAR at the surface and at one-foot intervals. Light attenuation (K.i) was calculated

using the following equation:

and

K
_ InIo -lnIz

d-
z

where

I = light intensity

z = depth

k = extinction coefficient

8
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A separate, on-board sensor was used to used to correct for incident radiation variations. Data

from incremental (l-foot) measurements for each profile were averaged over the entire depth to

produce aver water column K, values. Light attenuation was also measured using a Secchi disk

according to Lind (1985).

2.5. Continuous Water Quality Monitoring

SNSA deployed continuous water quality monitors (sondes) at all 12 study sites using eleven

YSI Model 6600 EDS sondes and one Hach Hydrolab Series 4a sonde on the dates listed in

Table 2-3. All sondes were equipped with probes that measured temperature, dissolved oxygen

(saturation and concentration), pH, conductivity, and turbidity (Table 2-4). Each sonde was

programmed to record data at IS-minute intervals and deployed at or near mid-depth in the

thalweg (Figure 2-1). Sondes were checked at regular intervals (~2 weeks) to download data and

clear deployment systems of excessive aquatic vegetation. Sondes were retrieved for post-check

and recalibration and redeployed at two-month intervals, according to the Project Quality

Assurance Plan (SNSA 2008). All data that passed our QAlQC protocols were used and are

presented within this document without correction for sensor drift or other correction factors.

Table 2-3.
Site

Deployment dates for continuous monitors
Initial Deployment Date

SNC800

RM215
Stevens Creek
RM202
RM 198
Horse Creek
RM 190
Butler Creek
RM185
RM 179
RM 148
RM 119
RM61

1/4/2006
1/14/2006

12/23/2005
12/23/2005

1/19/2006
1/10/2006
1/26/2006

12/22/2005
2/14/2006

1/5/2006
8/8/2006
9/6/2006

9
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Parameter Sensor Type Range
Table 2-4. Continuous monitoring parameters

Temperature thermistor -5 to 45°C
Dissolved Oxygen Rapid Pulse - Clark type 0 to 500% air

polarographic saturation
Specific Conductance 4-electrode cell with 0 to 100 mS/cm

autoranging

Accuracy Resolution

120.1

150.2
180.1

Method
170.1

4500-0-G

0.001 mS/cm to 0.1
mS/cm (range
dependent)
0.01 units
0.1 NTU

±0.2 units
±5% of reading or 2
NTU

±-0.15 °C 0.01 °C
±2% of reading or ±2% 0.1% air saturation
of air saturation
±O.5% of reading +
0.001 mS/cm

Glass combination electrode 0-14 units
Optical, 90° scatter, with 0 to 1,000 NTU
mechanical cleaning

pH
Turbidity

Figure 2-1. Diagram of continuous monitoring deployment system

2.6. Discrete Water Quality Sampling

In order to better understand chemical processes in the River, SNSA employed a Lagrangian

approach to our monthly, discrete sampling scheme. The goal of this scheme was to sample the

same mass of water as it traveled downstream through each monitoring station. Results from

continuous water quality monitors were used to develop correlations for discharge and travel

time between each sampling location. Because the RM 215 and Stevens Creek sites were located

upstream of Stevens Creek Dam and Augusta Diversion Dam, respectively, they were not

included in the Lagrangian scheme.

Water samples were collected using a US-D96-Al collapsible bag sampler developed by the

10
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Federal Interagency Sedimentation Project (Davis 2001). This device allowed for the collection

of flow-weighted, depth-integrated samples. Based on depth and water velocity, the device was

lowered and raised at a constant rate to collect approximately three liters of water. A total of

approximately 20 L of water was collected at each sampling location, with approximately one

third of the total volume collected at the right, center, and left thirds of the transect. The US

D96-A1 did not collect water at velocities below 1.5 - 2.0 ft/sec, At sites where water velocities

were below this threshold, depth-integrated samples were collected with an electric pump. Fecal

coliform samples were collected at the same time. Each 20L carboy containing samples was

placed on ice for transport to the SNSA lab. For each sampling event, a duplicate and field blank

were included for QA/QC purposes.

Water samples were homogenized in the lab using a 37 L polyethylene churn splitter. Water

samples were then either poured directly into sample containers or filtered through a 0.45 urn

cellulose acetate filter using a peristaltic pump for total and dissolved constituent analysis,

respectively.

2.7. Sediment Sampling

Sediment samples were collected using a stainless steel Wildco Petite Ponar. At each station,

sediment samples were collected at three locations (right, center, & left) within the stream cross

section, homogenized in a stainless steel pan, and distributed into glass jars supplied by the

contract laboratory. All sediment collection equipment was thoroughly washed with a 2%

solution of Micro-90, triple rinsed with tapwater, followed by a final rinse with deionized water.

Cleaned sediment sampling equipment was wrapped in aluminum foil or polyethylene bags to

avoid contamination during transport from the SNSA lab to the sampling location. Sediment

samples were analyzed for metals, mercury, herbicides, pesticides, and PCBs.

All chemistry analyses (water and sediment) were performed by Shealy Environmental Services,

Inc. (NELAC No. E87653) in West Columbia, sc. Fecal coliform tests were performed by

Microbac Laboratories, Inc. (A2LA #1814-01) in New Ellenton, SC. Aqueous and Sediment

sample anayltes and methods are listed in Table 2-5.
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8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A
8081A

8151A
8151A
8151A
8151A
8151A
8151A
8151A
8151A
8151A
8151A

Method
7471A
6010B
6010B
6010B
6010B
6010B
6010B
60lOB
6010B
6010B
6010B
6010B
6010B
6010B
6010B

Walkley-Black

Table 2-5. Aqueous and sediment sample parameters and _m_e_th_o_d_s --
Aqueous Sample Analyte Filtration* Method Sediment Sample Analyte
Alkalinity F SM 2320B Mercury
Ammonia - Nitrogen U 350.1 Arsenic
BOD, 5 day U SM 5210 B Cadmium
Carbonaceous BOD, 5 day U SM 5210B Calcium
Chemical Oxygen Demand U SM 5220 D Chromium
Chloride F 300.0 Copper
Dissolved Organic Carbon F SM5310 B Iron
Fecal Coliform Bacteria U SM 9221 C E Lead
Nitrate + Nitrite - Nitrogen U 353.2 Magnesium
Nitrite-Nitrogen F 353.2 Manganese
Ortho - Phosphate F 365.1 Nickel
pH U SM 4500-H+ B Potassium
Sulfate B 300.0 Selenium
Total Dissolved Solids U SM 2540 C Sodium
Total Inorganic Carbon F SM5310 B Zinc
Total Kjeldahl- Nitrogen U 351.2 ~T':"o"'ta;;;.I:_"07-rg~a::;n::.;ic:...C::..a:;:r..:.bo.:.:n::.-----....;.;..=;;..;.o.='-=:...

Total Organic Carbon U SM5310 B ..:H.:.:e::.:.r.::;b:.:ic::;id:;e;:;;.s,.,--,.... ~~-,....--

Total Phosphorus U 365.1 2,3,4-TP (Silvex)
Total Suspended Solids U SM 2540 D 2,4,5-T
Total Volatile Suspended Solids U SM2540D/160.4 2,4-D
Mercury B 245.1 2,4-DB
Aluminum B 200.8 Dalapon
Arsenic B 200.8 Dicamba
Cadmium B 200.8 Dichloroprop
Calcium B 200.8 Dinoseb
Chromium B 200.8 MCPA
Copper B 200.8 ..:;M:::.;C:;;;P:..;P'- ...;;;.:..::..:.:.:...__
Iron B 200.8 Pesticides
Lead B 200.8 ..:.4..:.,4":-"-:.:D:.:D:.:D::...------------:::::-:::-:---

Magnesium B 200.8 4,4'-DDE
Manganese B 200.8 4,4'-DDT
Nickel B 200.8 Aldrin
Potassium B 200.8 alpha-BHC
Selenium B 200.8 alpha-Chlordane
Sodium B 200.8 beta-BHC
Zinc B 200.8 delta-BHC
* F = Filtered, U = Unfiltered, B = Both Dieldrin

Endosulfan I
Endosulfan II
Endosulfan sulfate
Endrin
Endrin aldehyde
Endrin ketone
gamma-BHC (Lindane)
gamma-Chlordane
Heptachlor
Heptachlor epoxide
Methoxychlor
Toxaphene
PCBs
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260

8082
8082
8082
8082
8082
8082
8082
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2.8. Biological Sampling

No standard method currently exists for sampling macroinvertebrates in nonwadeable streams.

In an effort to minimize researcher sampling bias and standardize sampling effort, SNSA

investigated aquatic macroinvertebrate communities using Hester-Dendy samplers. Results from

this method alone typically show good overall representation of the macroinvertebrate

community in nonwadeable streams (Blocksom and Flotermersch, 2005) and result in decreased

processing time compared to other sampling techniques.

In this study, Hester-Dendy samplers were deployed in two pairs at each sampling location.

Each sampler consisted of 14 square 7.6 em masonite plates with a total surface area of 0.16 m2
.

The plates were variably spaced by 3 mm washers, yield eight 3 mm spacings, one 6 mm

spacing, two 9 mm spacings, and two 12 mm spacings. The depth at which the samplers were

deployed was standardized to 1 foot below the water surface at each location by suspending each

sampler set from a float. After a deployment period of approximately 30 days, the samplers were

retrieved and processed. Processing consisted of disassembling and cleaning the sampler plates

of all material. After cleaning, the material was passed through a #30 (0.6 mm) sieve. Material

remaining in the sieve was washed back into a container and macroinvertebrates were separated

from orgamc material and preserved III ethanol for subsequent identification.
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3. RESULTS

3.1. Hydrology

Daily flow rates within the river were largely regulated by the USACE's Thurmond Dam. From

January 2006 through January 2008, flows were below average for all months compared to long

term monthly averages (1954 - 2005), with September and October of both 2006 and 2007 at or

near record low flows (Figure 3-1). Figure 3-2 shows discharge data from the USGS gauge at

RM 187 (02197000) from January 1,2006 through January, 312008.

.. 2006mean

2007 mean

2008 mean

•

Figure 3-1. Thurmond Dam Discharge

14

VESP_00001517



30,000 -,--------------------

SNC800

25,000 +---t-------'-------____+__ -------~

20,000 +-------1It--------------+----------------1

~..
~ 15,000 -;---+-4ft-------------II-----------------1
..::
(J
IJ)

i5

10,000 -m--:-~t--tt--iH-------------___1t__;_----------

0
CD CD CD CD CD CD CD CD CD CD CD CD r-, r-; r-; "- "- "- "- r-, "- "- "- "- co

2 ~ e e e e s ~ e e e e e e ~ s e e e e e ~ 2 ~ e
N M ~ ill co ;::: co iii 23 N N M ;:;0 ill co ;::: iii iii a N

Figure 3-2. Daily average discharge from January 2006 - January 2008 at USGS gauge

02197000 (RM 187).

The data indicated that, on average, discharge increased from RM 187 to RM 61 (Figure 3-3).

During the study period, mean discharge increased by 11.3% from RM187 (5,538 cfs) to RM148

(6,165 cfs), 15.3% from RM 187 to 119 (6,385 cfs), and 24.8% from RM 187 to RM 61 (6,910

cfs) (Figure 3-3). In addition, during low flows, discharge was 21.2% higher at RM 61 (4,280

cfs) when compared to RM 187 (3,530 cfs), 10.5% higher at RM 119 (3,900 cfs) when compared

to RM 187, and 10.2% higher at RM148 (3,890 cfs) when compared to RM187 (Figure 3-3).

During the highest flows of the study period, the data may have indicated a loss of water (i.e.

floodplain inundation) as the flows at RM 187 (27,000 cfs) were 20.4% higher than RM 148

(21,500 cfs), 21.5% higher than RM 119 (21,200 cfs), and 35.6% higher than RM 61 (17,400

cfs) (Figure 3-3). Flow duration curves for the study period are provided in Figure 3-4.

15

VESP_00001518



35000

30000

J!! 25000
0-Q) 20000
21
nl
J: 15000
0
l/)

is 10000

5000

0

I
I

-

I,
I

,
,

RM 185 RM 148 RM 119 RM61

Figure 3-3. Mean, minimum, maximum discharge from USGS gauges at RMs 187, 148, 119,

and 61 from January 2006 - January 2008.
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Figure 3-4. Combined flow duration curves at four Savannah River locations from January 2006

to January 2008.
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Data from RMs 187, 119, and 61 during a low-flow periods in 2006 (October 17, 2006 through

October 23, 2006) and 2007 (November 16 through December 8, 2007) represent stable flow

conditions, and were important for quantifying additional flows to the river below RM 187.

Additional flows to the river were assumed to be the sum of surface water and groundwater

contributions. Since each of the trends were fairly linear (indicating steady flows over that time

segment), accounting for flood routing was not necessary for this analysis. Flows at sequential

USGS gauges were compared by integrating the area under the discharge curve using

KaleidaGraph (Synergy Software, 2000).

Results for October 2006 indicated that the total volume of water increased by 18.4% (754 cfs)

between RM 187 and RM 119, and increased by 11.1% (540 cfs) between RM 119 and RM 61

for this period (Figure 3-5). In the November/December 2007 analysis, total volume increased

by 3.74% (147 cfs) between RM 187 and RM 119, and increased by 5.49% (224 cfs) between

RM 119 and RM 61 (Figure 3-6).

10/24/0610/23/0610/2210610/2110610/2010610/19/0610/18/0610/17106

,,
~

~ 0 .-...
1\ ~~--~~>i.'JiI#'t:Jt

ttl ...tt
-~
~" "0 w:~

,
.r--- J-

- I
~

:

,,
I,
i

2000
10/16/06

2500

3000
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..;!.
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I-+-RM 187 -+-RM 119 -RM 61 i

Figure 3-5. Continuous discharge from USGS gauges at RM 187, 119, and 61 (October 16 - 23,

2006).
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Figure 3-6. Continuous discharge from USGS gauges at RM 187, 119, and 61 (November 16

December 8, 2007)

Data reported by Cooney et al. (2002) for the 1998-2002 water years showed that Upper Three

Runs (UTR) Creek and Lower Three Runs (LTR) Creek could contribute an average of 345 cfs

to the river, with a maximum of 619 cfs and a minimum of 188 cfs. Our calculated increases in

discharge from RM 187 to 119 during the 2007 low-flow period (147 cfs) could have been

accounted for by flows from both UTR and LTR. However, since a drought existed within the

Savannah basin in 2006 and 2007, flows from UTR and LTR probably accounted for much less

than the increases calculated for this reach for the 2006 period (754 cfs).

Brier Creek enters the Savannah River at RM 102.5. The mean daily discharge at the USGS

gauge on Brier Creek (02198000) for the 2006 integration period was 119 cfs, or 22% of the

calculated 540 cfs increase between RM 119 to RM 61. In the 2007 integration period, mean

discharge at the Brier Creek gauge was approximately 100 cfs, or 44% of the 224 cfs increase

calculated for this reach. These data indicate that ungauged sources between RM 187 and RM

61 may contribute a significant amount of water to the reach.
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3.1.1. Acoustic Doppler Profiles

Discharge data used for calculating mass fluxes were obtained from either measured values using

an Acoustic Doppler Profiler (ADP) or from nearby USGS gauging stations. Since discharge

within the Urban Corridor reach of the river (RM 215 to RM 190) was regulated by several

dams, it was not possible to correlate water levels within that reach to discharges reported at the

gauge at NSBLD (USGS Station 02196999). Therefore, discharge was measured during

chemistry sampling events in this reach. Flows were also measured in the creeks. In addition to

discharge, several other parameters were obtained with the instrument, including the depth and

wetted width, bathymetry, and instantaneous flow rates throughout the water column. Examples

of each river cross section, creeks, and Augusta canal where the ADP was used are compiled

within Appendix A.

3.2. Climate

Daily precipitation totals are presented in Figure 3-7. Of the 762 days, 580 (76.1 %) had no

precipitation, 14 (1.8%) had 0-0.01 in., 117 (15.4%) had 0.01-0.5 in., 26 (3.4 %) had 0.5-1.0 in.,

15 (2 %) had 1.0-1.5 in., 2 (0.3 %) had 1.5-2.0 in., and 8 (1 %) had greater than 2 in. Total

precipitation for the 761 days (1/1/06 - 1/31/08) was 78.04 in. Monthly precipitation totals and

historic precipitation averages for Augusta, GA are presented in Figure 3-8. The data indicated a

significant precipitation deficit throughout the study period, compared to long-term averages.

Drought conditions developed and persisted during the study period, with moderate to extreme

drought conditions in the upper SRB, and moderate drought in the middle SRB.
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Figure 3-7. Total daily precipitation from Bush Field in Augusta, GA from January 2006

through January 2008 (NOAA, 2008).
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Figure 3-8. Monthly precipitation totals and long term averages (1971 - 2000) from Bush Field

in Augusta, GA (NOAA, 2008).

20

VESP_00001523



3.3. Light profiles

Average light attenuation decreased through the Augusta pool and increased downstream of

NSBLD (Figure 3-9). Figure 3-10 shows the percentage of surface light at the bottom of each

profile location for all stations during the May 2007 sampling date. This figure indicates that

less than 1% of the surface light reached the channel bottom at Stevens Creek, Butler Creek, and

RM61.

Light attenuation decreased from RM 215 to RM 198 and steadily increased to RM 61. Highest

attenuation was observed within the creeks (SC, HC, BC). The attenuation rate at RM 61 was

nearly as high as the rates for the creeks. Average secchi depth at each study site is presented in

Figure 3-11.

Average Kd/m

61

0.4

0.35

0.3

0.25

~
0.2

0.15

0.1

0.05

0
215 sc 202 198 HC 190 BC 185 179 148 119

-0.05

Figure 3-9 Average water column light attenuation (Kd/m) for 2007 (error bars are 1 standard

deviation).
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Figure 3-11. Average secchi depth at study sites
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3.4. Continuous Monitoring

Individual sonde data statistics are presented in box plot format in this section (January 2006 

January 2008). Data for these figures were compiled from all available data that passed our QC

protocols according to the project QAPP (SNSA 2008), so not all sample sizes are exactly equal.

The box plots depict median, 25% and 75% quartiles, and 95% confidence intervals. Since

installation and monitoring at two stations (RM 119 and RM 61) began later in 2006, a second

set of box plots for each parameter is provided for January 2007 to January 2008, when all

station were being monitored simultaneously. For all box plots, outliers (values outside of 95%

CI) were removed for clarity.

Several problems were encountered that limited continuous datasets. Excessive vegetation

buildup on deployment rigs caused accelerated fouling on sondes. Dissolved oxygen probe

membranes and pH probe bulbs were punctured on several occasions, often by debris. During

low-flow periods, some sondes periodically rested on the stream bottom, which also caused

accelerated fouling and unrepresentative readings. The rigs were adjusted to compensate for

lower flows, as needed.

3.4.1. Temperature

Water temperature increased from RM 215 to RM 202, remained relatively stable from RM 202

to RM 119, and increased again at RM 61 (Figure 3-12). Increase in temperature from RM 215

to RM 202 was due to warming of the thermally sheltered hypolimnetic lake.water. Increased

suspended sediment concentrations and increased water staining (tannins) were likely

responsible for the temperature increase from RM 185 to 61. A strong correlation existed

between monthly average temperature at RM2l5 and the zone of withdrawal within the lake.

Highest average temperature variability was observed within the creeks. This was a result of

seasonal temperature variability, smaller water volume (compared to the river), and high

suspended sediment concentrations.
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Figure 3-12. Temperature statistics from all stations from January 2006 through January 2008.
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Figure 3-13 Temperature statistics from all stations 2007.
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3.4.2. Specific Conductance

Specific conductance increased by 128% from RM 215 (46 uS/em) to RM 61 (105 uS/cm)

(Figure 3-14). Approximately 59% of this increase occurred within the RM 215 to RM 185

reach, with the remainder added within the RM 185 to RM 61 reach. Much of this increase was

observed by RM 179 (below the urban corridor), where specific conductance averaged 110

uS/cm. Average specific conductance at RM 185 and RM 61 was 73 uS/cm and 105 uS/cm,

respectively. RM 119 had the highest average specific conductance (117 uS/cm) of all mainstem

river stations, and Butler Creek had the highest specific conductance (889 uS/cm) of all stations.

Highest variability was within the creeks. Specific conductance in the lower reach of the river

was generally highest in late summer and early fall during periods oflow rainfall and river flow.

Historical Comparisons

Average monthly specific conductance values measured by SNSA in 2007 were compared to

historical data (1972 - 2001) available from USGS for its sampling station at RM 61

(02198500). Monthly average specific conductance from 2007 was generally higher than

historical monthly averages, especially during the wanner months, but was within the range of

measurements taken in the past (Figure 3-16).
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Figure 3-14. Specific conductance statistics from all stations from January 2006 through

January 2008.
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Figure 3-15 Specific conductance statistics from all stations 2007.
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Figure 3-16. Comparison of long-term mean/min/max specific conductance data (USGS

02198500) to 2007 mean monthly data for RM 61.

3.4.3. Dissolved Oxygen

Dissolved oxygen (mg/L) increased from RM 215 to RM 202, decreased slightly at RM 190,

increased at RM 185, decreased steadily to RM 119, and increased slightly at RM 61 (Figure

3-17, Figure 3-18). Overall, DO was higher and was less variable at RM 61 than RM 215(Figure

3-19, Figure 3-20). DO was lowest in Stevens Creek and Butler Creek. Dissolved oxygen

saturation was above 100% at RM 202 and RM 187 for much of the study period.

Dissolved Oxygen and Water Quality Standards

Georgia and South Carolina standards for dissolved oxygen specify a daily average of 5.0 mg/L

and an instantaneous minimum of 4.0 mg/L. Continuous monitoring data that was below these

standards is summarized in Table 3-1 and Table 3-2. Dissolved oxygen concentrations were

below both daily average and instantaneous minimum standards for significant periods of time at

the Stevens Creek and Butler Creek monitoring stations. Additionally, there were at least 31

days in 2006 and 2007 when daily average DO concentrations were below 5.0 mg/L at RM 215.

Historical Comparisons

Average monthly dissolved oxygen concentrations measured by SNSA in 2007 were compared

to historical data available from USGS for its sampling station at RM 61 (02198500). Monthly
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average dissolved oxygen concentrations from 2007 fell within the range of historical

measurements, with the exception of July (Figure 3-21). Additionally, eight of twelve months in

2007 had higher average dissolved oxygen concentrations than the 30-year average.
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Figure 3-17. Dissolved oxygen statistics from all stations from January 2006 through January

2008.
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Figure 3-18 Dissolved oxygen statistics from all stations 2007.
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Figure 3-19. Dissolved oxygen percent saturation statistics from all river stations from January

2006 through January 2008.
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Figure 3-20 Dissolved Oxygen percent saturation statistics from all river stations 2007.

34

VESP_00001537



Table 3-1. Summary of daily average dissolved oxygen concentrations below state standards
Station Month-Year # Days < 5.0 mg/L Days Sampled
RM 215 Aug-06 15 31

Sep-06 8 30
Oct-06 2 27
Sep-07 6 30

Stevens Creek Apr-06 13 30
May-06 11 15
Apr-07 1 30

May-07 25 31
Jun-07 28 28
Jul-07 8 8

Aug-07 25 25
Sep-07 7 7
Oct-07 4 28

Butler Creek May-06 1 28
Jun-06 18 30
Jul-06 8 26

Aug-06 30 31
Sep-06 14 19
JUll-07 13 16
Sep-07 5 18

Table 3-2.
Station

Summary of instantaneous dissolved oxygen concentrations below state standards
Month-Year # Samples < 4.0 mg/L Hours Total # Samples

SNC800

RM215

Stevens Creek

Butler Creek

Aug-06 6 1.5 2975
Sep-06 15 3.75 2879
Sep-07 294 73.5 2878
Apr-06 252 63 2879

May-06 428 107 1477
May-07 1497 374.25 2970
Jun-07 1270 317.5 2752
Jul-07 599 149.75 976

Aug-07 1895 473.75 2648
Sep-07 760 190 934
Jun-06 355 88.75 2877
Jul-06 88 22 2597

Aug-06 1876 469 2975
Sep-06 848 212 1824
Jun-07 105 26.25 1573
Sep-07 367 91.75 1823
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Figure 3-21. Comparison oflong-term mean/min/max dissolved oxygen data (USGS 02198500)

to 2007 data for RM 61.

3.4.4. pH

In general, pH increased from RM 215 to a maximum at RM 202 (Figure 3-22, Figure 3-23).

The lowest pH was within Horse Creek. Highest variability was at RM 215 and lowest was RM

61.
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Figure 3-22. pH statistics from all stations from January 2006 through January 2008.
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Figure 3-23. pH statistics from all stations 2007.
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3.5. Discrete Water Quality Sampling

3.5.1. Eularian perspective

Sampling events were conducted over the entire hydrograph (Figure 3-24). The USACE's

artificial pulse in March 2006 and a natural pulse in March 2007 were the highest flow events

during the study period, with each event peaking at approximately 30,000 cfs. Most mainstem

samples were collected at flows between 4,000 and 6,000 cfs. As shown, several sampling

events coincided with significant rain events (March, June, and August).
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Figure 3-24. Chemistry sampling events, Savannah River Discharge (USGS 02197000), and

precipitation (NOAA, 2008).

Figure 3-25 shows median, 25% and 75% quartiles, 95% confidence intervals, and outliers

(3*Inter Quartile Range) of each individual sampling site from February 2006 through January

2008; results for all constituents are reported in mg/L. Tabular statistical summaries of these

data are provided in Appendix B.
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Individual constituent data from each stations (shown above), coupled with conductivity data,

can be used to calibrate conductivity measurements, which can lead to further understanding of

the system in terms of mass flux dynamics. Specific conductance data showed a steady increase

with decreasing RM. To calculate the percent contribution of individual ions to the overall

conductivity, the following equation was used:

l...cations = l...anions (meq/L) = electrical conductivity (uS/cm)/100

(from Appelo and Postma, 1993).

Results from this analysis are shown in Table 3-3. Specific conductance at RM 148 at the time

of sampling was 109 uS/cm and the calculated conductance from the chemistry data was 125

uS/cm (% difference = 13.0). In addition, the electroneutrality of the solution calculated by the

chemistry data had an error of 11%. Although these results were not within the preferred 5%

error (Appelo and Postma, 1993), the results remain quite useful, especially in light of the fact

that some species were deemed negligible even though concentrations were >0 and no charge

was attributed to organic acids (a portion of the DOC concentration). Using this equation, the

majority of ions were accounted for and over half of the increase was due to sodium (~18%) and

sulfate (~37%).

Table 3-3. Individual constituents responsible for conductivity increase from RM 215 to RM

148.

100%neg. - negligible

River Mile 215 River Mile 148 Difference Percent cont. to total
(maIL) (maIL) (meq/L] conductivitv chanae

Alkalinity (HC03-) 16 26 0.1667 13.28
Arsenic 0 0 nea.
Cadmium 0 0.000047 nea.
Calcium 1.9 3.6 0.0848 6.76
Chloride 2.5 8.5 0.1692 13.49
Chromium 0 0 neg.
Copper 0.0017 0.0049 nea.
Iron 0.02 0.44 0.0150 1.20
Lead 0.00017 0.0002 nea.
Magnesium 1.2 1.2 nea.
Manganese 0.013 0.058 0.0016 0.13
Nickel 0 0.0046 nea.
Ortho-phosphorus (H2P04-) 0.04 0.13 neg.
Potassium 2.3 7.6 0.1356 10.80
Selenium 0.00053 0.00034 nea.
Silicon 4.3 3.7 nea.
Sodium 3.4 14 0.4611 36.75
Sulfate 2.4 13 0.2207 17.59
Zinc 0.0028 0.006 nea...
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Table 3-4 shows the chemistry sample results that were in excess of state standards (n = 37).

Table 3-4. Chemistry Sample results in excess of state/federal clean water limits
Georgia! South Carolina2

Site Date Constituent Result (/lg/L) Chronic Acute Chronic Acute
RM215 8/22/2006 Copper 15 5.0 7.0 2.9 3.8

8/22/2006 Mercury 0.13 0.012 1.4 0.91 1.6
Stevens Creek 8/21/2006 Cadmium 0.23 0.1 0.53

8/21/2006 Copper 6.8 2.9 3.8
RM202 8/22/2006 Copper 3.4 5.0 7.0 2.9 3.8

5/22/2006 Copper 4.2 5.0 7.0 2.9 3.8
3/212007 Copper 4.6 5.0 7.0 2.9 3.8

712612006 Copper 36 5.0 7.0 2.9 3.8
1215/2006 Lead 0.83 1.2 30 0.54 14
812212006 Mercury 0.092 0.012 1.4 0.91 1.6

Horse Creek 3/2/2007 Copper 3.7 2.9 3.8
7126/2006 Copper 55 2.9 3.8
7/18/2006 Lead 0.6 0.54 14
7/26/2006 Lead 0.81 0.54 14
3121/2006 Lead 1.1 0.54 14

Butler Creek 6/15/2006 Copper 5 5.0 7.0
5/2412006 Lead 1.5 1.2 30
3/14/2007 Lead 1.5 1.2 30
3/212007 Mercury 0.16 0.012 1.4

RM 185 8/23/2006 Copper 21 5.0 7.0 2.9 3.8
3/21/2006 Lead 0.89 1.2 30 0.54 14
10/2612006 Mercury 0.084 0.012 1.4 0.91 1.6
7112/2007 Mercury 0.088 0.012 1.4 0.91 1.6
8/23/2006 Mercury 0.12 0.012 1.4 0.91 1.6

RM 179 10126/2006 Mercury 0.095 0.012 1.4 0.91 1.6
2/21/2007 Mercury 0.14 0.012 1.4 0.91 1.6

RM 148 2/2212007 Mercury 0.07 0.012 1.4 0.91 1.6
10/27/2006 Mercury 0.084 0.012 1.4 0.91 1.6
8124/2006 Mercury 0.1 0.012 1.4 0.91 1.6

RM 119 10/28/2006 Mercury 0.Q7 0.012 1.4 0.91 1.6
3116/2007 Mercury 0.Q75 0.012 1.4 0.91 1.6
1/21/2008 Mercury 0.078 0.012 1.4 0.91 1.6
3/3/2007 Mercury 0.13 0.012 1.4 0.91 1.6

RM61 9/25/2006 Mercury 0.06 0.012 1.4 0.91 1.6
4/16/2007 Mercury 0.06 0.012 1.4 0.91 1.6
6/18/2007 Mercury 0.11 0.012 1.4 0.91 1.6
1211 012007 Zinc 40 65 65 37 37

1 South Carolina Regulation 61-68

2 Georgia DNR EPD Regulation 391-3-6-.03

45

VESP_00001548



SNC800

3.5.2. Lagrangian perspective

Mass flux rates were calculated for several Lagrangian sampling excursions and are shown in

Figure 3-26 through Figure 3-30. This was accomplished by multiplying the constituent

concentration by the average discharge during the I-hour sample collection window.

One drawback to sampling an individual mass of water was that advective waves and surface

waves travel at different speeds. Since the surface wave was bounded by the atmosphere on one

side and the density difference between the water and air was large, the surface wave can travel

at much higher speeds than advective waves. This makes it difficult to close the water balance

on each Lagrangian sample.

Despite the potential confounders with the Lagrangian sampling methodology, several

generalizations can be made resulting from this analysis. As previously shown, the shoals

caused DO supersaturation throughout the entire first year of study so some decrease in DO mass

flux was expected due to atmospheric loss (aeration). The increase in mass likely resulted from

the additional water influent from the Augusta Canal. DO mass flux remains relatively stable

from RM 185 through RM 61 throughout the study (Figure 3-31).

Three instances were observed where decreases in DO mass flux rates were calculated for the

reach between RM 148 and RM 119 (Figure 3-26, Figure 3-28, Figure 3-29). For two of these

instances, chloride mass flux rate increased while during the third instance, the rate remained the

same. In August, the DO mass flux rate decreased by 20.6% while the chloride mass flux rate

increased by 21.7%. In December, the DO rate decreased by 3.8% while the chloride rate

increased by 11.1%. In October, the DO rate decreased by 16.0% but the chloride rate decreased

by 0.1%. Since Upper Three Runs was located within the RM l48/RM 119 reach and had nearly

50% of its ionic charge load as sodium chloride, the chloride mass rate should have increased

through the RM148/RMl19 reach if UTR flows were continuous despite the river flow rates.

Divergence from such a pattern may have indicated errors in sampling, so the October data may

not be accurate. Conversely, the decreased DO rates in August and December may signify

significant losses during those time periods. The August data seems plausible since microbial

activity should have been at a maximum during that time of year but cause for the decreased rate

during December is unknown.

Dissolved organic carbon (DOC) generally increased with decreasing RM (Figure 3-32).

January through April DOC increased from RM 179 to RM 61, which is likely a result of
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decreased respiration due to lower temperatures (Figure 3-32). However, DOC decreased or

remained the same from RM 179 to RM 61 from May through December 2007 (Figure 3-32).

This observation was likely a result of in-stream bacterial processing of organic loads.
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Figure 3-27. Lagrangian mass flux results for September 2006.
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Figure 3-29. Lagrangian mass flux results for December 2006.
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Figure 3-30. Lagrangian mass flux results from February 2007.
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3.5.3. Annual Mass Flux

The annual mass flux (kg/year) for each analyte is presented in Table 3-5. Annual mass flux was

calculated by multiplying constituent concentrations (mg/L) by discharge (fe/sec) measured

during the sampling window, resulting in individual sample mass flux rates (mg/sec). These

rates were averaged for each site and converted to annual mass flux (kg/year) estimations.

It should be noted that the calculations for RM 202, 190, 185, and 148 included data from the

March 2007 flood pulse, which resulted in large mass fluxes of material. As a result, the annual

mass flux estimates for these sites are likely skewed high relative to the other stations that were

not sampled during the 2007 pulse.
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Table 3-5. Estimated annual mass flux
RM215 SC RM 202 RM 198 HC RM 190 BC' RM 185 RM 179 RM 148 RMl19 RM61
(n=12) (n=71 (n=141 (n=l11 In=251 In=l11 In=27\ In=9\ In=9\ In=251 In=21I In=l6)

Alkalinity 7.99E+07 1.49E+07 5,96E+07 6.42E+07 4.77E+05 9,16E+07 5.83E+06 9.49E+07 1.08E+08 1.31E+08 1,15E+08 1.29E+08 kg/year
Aluminum 1,52E+05 2,22E+05 1.14E+07 4,04E+05 3,12E+04 1,43E+07 2.77E+Ol 1,30E+07 5.72E+05 3.45E+06 1.46E+06 1.91E+06 k /year
Arsenic 2.78E+02 1,69E+02 2.40E+03 1.57E+02 2,44E+Ol 3,67E+03 4,88E-02 3.74E+03 1.81E+03 1.20E+03 1,51E+03 1,43E+03 k ear
BOD, 5day O,OOE+OO O,OOE+OO 7.48E+06 O.OOE+OO 8,24E+03 9,93E+06 1,49E+05 8,11E+06 O.OOE+OO 1,89E+06 9,63E+05 9,02E+05 k ear
Cadmium 1,50E+Ol O,OOE+OO O.OOE+OO O.OOE+OO 8,62E+00 O,OOE+OO 1.52E-03 4,26E+Ol O,OOE+OO 4,72E+01 4,91E+01 1,16E+02 k ear
Calcium 1.31E+07 2.79E+06 1.32E+07 1.02E+07 1.66E+05 2,00E+07 6,37E+02 1,95E+07 1.87E+07 2.42E+07 2.41E+07 2,92E+07 k ear
CBOO, 5day O,OOE+OO O,OOE+OO O.OOE+OO O.OOE+OO 7.54E+06 5.09E+06 4,30E+04 O.OOE+OO O,OOE+OO 6,69E+05 2.16E+06 O.OOE+OO k / ear
Chloride 1,58E+07 3,07E+06 1.34E+07 1.30E+07 4.27E+05 2.27E+07 9,80E+06 2.90E+07 4,OOE+07 4,63E+07 4.98E+07 5.42E+07 kQ/vear
Chromium 5,95E+03 7,33E+02 4,56E+04 3.41E+03 6.70E+02 6.21E+04 2,55E-Ol 6.73E+04 2,87E+03 7,86E+03 5,54E+03 5,18E+03 kQ/year
COD 1.16E+07 7.63E+06 1.08E+08 9,10E+06 1,39E+06 1,80E+08 1.88E+06 1,54E+08 3.61E+07 6,82E+07 6,87E+07 6.07E+07 k /year
Coooer 5.16E+03 1.11E+03 1.84E+04 4,15E+03 3.76E+02 2.70E+04 2.77E-Ol 2,67E+04 7.22E+03 1.29E+04 8.78E+03 1.06E+04 k ear
Dissolved Aluminum 1.22E+05 6,90E+04 4,58E+05 1.29E+05 3.65E+03 3,35E+05 3.24E+OO 3,07E+05 1.94E+05 1.93E+05 1.70E+05 1,57E+05 k ear
Dissolved Ammonia 2.99E+05 2,26E+04 3.83E+05 3,08E+05 1.26E+04 6.46E+05 2.33E+04 3,00E+05 5.24E+05 5.54E+05 5.65E+05 4,88E+05 k ear
Dissolved Arsenic O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO O.OOE+OO O,OOE+OO 1.53E-02 O,OOE+OO 2.81E+02 3.36E+02 1.48E-Ol 3,54E+02 k / ear
Dissolved Cadmium 2.34E+Ol 3.68E+00 1.44E+02 O,OOE+OO 4.57E+00 2.76E+Ol 4,99E-04 O,OOE+OO 2.73E+Ol 1.45E+02 6,96E+Ol 5.22E+01 k ear
Dissolved Calcium 1.27E+07 2.78E+06 1.00E+07 1.02E+07 1.57E+05 1.75E+07 6,01E+02 1.69E+07 1,85E+07 2,19E+07 2,27E+07 2.92E+07 k ear
Dissolved Chloride 1.32E+07 3.13E+06 1.18E+07 1.31E+07 4,08E+05 2,24E+07 9,54E+06 2.97E+07 3.98E+07 4.40E+07 4,97E+07 5.47E+07 k ear
Dissolved Chromium 3.01E+03 3,98E+02 9.70E+03 9.20E+02 7,00E+06 7.24E+03 7,51E-02 7,52E+03 1.81E+03 3,66E+03 1,92E+03 1.26E+03 k ear
Dissolved Coooer 5,13E+03 9,34E+02 1,13E+04 4.07E+03 2,67E+02 8,89E+03 1.66E-Ol 8,90E+03 5.45E+03 7,16E+03 5.72E+03 6.61E+03 k~ ear
Dissolved Iron 1.69E+05 3,55E+05 9,63E+05 4.05E+05 4.99E+04 9,03E+05 3.10E+01 8,98E+05 5.61E+05 9.36E+05 8,66E+05 9,61E+05 kg ear
Dissolved Lead 9,56E+Ol 1,32E+02 1.43E+03 2,13E+02 3.76E+Ol 7,99E+02 2.78E-02 6,42E+02 5.29E+02 7.19E+02 468E+02 4,51E+02 kg ear
Dissolved Maonesium 7,61E+06 1.44E+06 5.48E+06 6,02E+06 7.67E+04 9,18E+06 1.57E+02 8,86E+06 7.10E+06 8.43E+06 7.42E+06 7,98E+06 kg/year
Dissolved Manoanese 4,86E+05 5,51E+04 1.00E+06 2,32E+05 4.29E+03 1.01E+06 1.36E+Ol 8,27E+05 3.10E+05 1.89E+05 1,01E+05 5,60E+04 kg/year
Dissolved Mercurv O.OOE+OO 2,26E+Ol 1.78E+Ol O,OOE+OO 8.27E-Ol O,OOE+OO 8,14E-Ol 5,28E+Ol 1,07E+02 6.53E+Ol 1,61E+02 7.38E+Ol kg/year
Dissolved Nickel 1.09E+03 6,32E+02 5.17E+03 7,68E+02 7.81E+Ol 4,50E+03 2,12E-01 5,06E+03 1.31E+03 6.41E+03 2,13E+03 3.49E+03 kg/ ear
Dissolved Nitrate-Nitrite 6.79E+05 1.00E+05 4.93E+05 5.54E+05 2.64E+04 123E+06 1,18E+05 1.40E+06 1,23E+06 1.55E+06 1,68E+06 1.88E+06 k ear
Dissolved Nitrite 2.37E+04 4.69E+03 5.42E+03 2.63E+04 6,90E+02 1.28E+04 3,04E+03 3.98E+04 6,21E+04 5,09E+04 1,62E+04 2.59E+04 k ear
Dissolved Potassium 1.16E+07 1.84E+06 1,00E+07 1.04E+07 1.75E+05 1.85E+07 4,29E+03 2.03E+07 2,65E+07 3,01E+07 3,14E+07 3.37E+07 k ear
Dissolved Selenium 7.63E+02 1.09E+02 2,09E+03 8.86E+02 1.41E+Ol 218E+02 1.64E-02 1,56E+03 4,87E+02 4,29E+02 5,23E+02 1,13E+03 k ear
Dissolved Silicon 2,44E+07 3.49E+06 1,69E+07 1,88E+07 3,13E+05 2.77E+07 4.52E+02 2,62E+07 1.91E+07 2.52E+07 2.29E+07 2,30E+07 k ear
Dissolved Sodium 1.65E+07 2,77E+06 1,23E+07 1.39E+07 2.66E+05 2,40E+07 8.06E+03 2,99E+07 4.24E+07 4.75E+07 4.65E+07 5,11E+07 k ear
Dissolved Sulfate 1.64E+07 3.41E+06 1.43E+07 1.42E+07 1.69E+05 286E+07 7,15E+06 3,54E+07 5.97E+07 6.30E+07 6.18E+07 7,26E+07 k ear
Dissolved Zinc 2,67E+04 3,36E+03 6,56E+04 1.93E+04 1.40E+03 283E+04 9,39E-Ol 2.78E+04 2.07E+04 3.26E+04 2,96E+04 3,83E+04 kg/year
DOC 1.35E+07 3.16E+06 3.66E+07 1.20E+07 5.76E+05 2,94E+07 5,93E+05 2,82E+07 1,92E+07 2.71E+07 2.09E+07 2.24E+07 k /year
Iron 6,31E+05 7.04E+05 2.06E+07 7.25E+05 1,52E+05 2,56E+07 1.28E+02 2,39E+07 1.30E+06 7. 13E+06 3.99E+06 4.65E+06 k ear
Lead 2,98E+02 3.00E+02 1.51E+04 8.16E+02 1.46E+02 2,23E+04 1.71E-Ol 2.08E+04 1.15E+03 5,09E+03 2.45E+03 2.64E+03 k ear
Magnesium 7,94E+06 1,46E+06 8.01E+06 6.03E+06 8.46E+04 1,17E+07 1,69E+02 1.10E+07 7,24E+06 9,59E+06 8.01E+06 8.30E+06 k ear
ManQanese 9.16E+05 8,35E+04 3.90E+06 3.18E+05 6,90E+03 7,66E+06 1,98E+Ol 7.49E+06 4,12E+05 1.08E+06 5.50E+05 4.84E+05 k ear
Mercurv 1,69E+01 O,OOE+OO 1.57E+02 O.OOE+OO 7.54E-Ol 2.73E+02 O.OOE+OO O.OOE+OO 1,60E+02 7.79E+Ol 1.50E+02 2,01E+01 k ear
Nickel 2.79E+03 6,34E+02 2.42E+04 4.30E+03 1.67E+02 2,87E+04 2.93E-01 3,15E+04 2,32E+03 7,26E+03 4,09E+03 5,06E+03 k /year
Ortho-ohosohorus 4,63E+04 1,58E+04 1,21E+05 6.81E+04 3,55E+03 1,90E+05 3.00E+05 7,23E+05 6,42E+05 8,21E+05 7.77E+05 6,52E+05 k /year
Phosohorus 5.91E+04 2.11E+04 6,85E+05 6,94E+04 4.42E+03 9.28E+05 3.75E+05 1.32E+06 6.24E+05 9,22E+05 1,32E+06 7.30E+05 k /year
Potassium 1.24E+07 1.84E+06 1,18E+07 1.04E+07 1.86E+05 1.94E+07 4,26E+03 2,16E+07 2.68E+07 3.15E+07 3,26E+07 3,41E+07 k / ear
Selenium 7.07E+02 1.99E+02 1.67E+03 8.08E+02 8,66E+00 430E+02 2.11E-02 1.88E+03 6.28E+02 4.73E+02 6,29E+02 8,03E+02 k Near
Silicon 2.55E+07 3.51E+06 2.15E+07 1.68E+07 3.20E+05 3,12E+07 4,56E+02 2,93E+07 1.91E+07 2,82E+07 2,33E+07 2.33E+07 k Near
Sodium 1.71E+07 2.78E+06 1.48E+07 1.38E+07 2,85E+05 2.46E+07 8,19E+03 3,14E+07 4.26E+07 5.07E+07 4.89E+07 5.13E+07 kQ/ ear
SuWate 1.66E+07 3.21E+06 1.68E+07 1.39E+07 1.89E+05 2,92E+07 7,37E+06 3.61E+07 5,99E+07 6.36E+07 6.14E+07 7.09E+07 k( ear
TDS 2,29E+08 3.85E+07 2.73E+08 1.51E+08 3.57E+06 1.68E+08 3,52E+07 3.24E+08 2,79E+08 4.47E+08 3.57E+08 4.52E+08 kr ear
TIC 1,29E+07 1,40E+06 7.29E+06 7.43E+06 1.29E+05 1,21E+07 5.69E+05 1,06E+07 1,15E+07 1.38E+07 1.47E+07 1.62E+07 kr ear
TKN 1,64E+06 3,00E+05 4,26E+06 1.08E+06 7.81E+04 612E+06 1.06E+05 7.50E+06 2,36E+06 2,93E+06 2.52E+06 2.32E+06 kr ear
TOC 1,31E+07 3,13E+06 2,50E+07 1.13E+07 5.73E+05 2,93E+07 6.10E+05 2,98E+07 2,11E+07 2,66E+07 2.06E+07 2.20E+07 kr ear
TSS 1,50E+07 6,99E+06 6,07E+08 8.22E+06 1.86E+06 6.94E+08 2,12E+06 7.29E+08 2,17E+07 2,07E+08 9.62E+07 1,07E+08 kr ear
TVSS O.OOE+OO 1,23E+05 6,96E+04 O,OOE+OO 2,07E+05 8.65E+07 3,08E+05 6,72E+07 O.OOE+OO 2,13E+07 8,19E+06 1,00E+07 kr ear
Zinc 2.26E+04 3.22E+03 7.73E+04 3.04E+05 1,24E+04 1.33E+05 1.52E+00 1,13E+05 3.08E+04 5,26E+04 4,19E+04 3,64E+04 ko/vear
Mass calculated by mUltlpl~ng mean concentration (mg/L) by mean flow (100 cfs) calculated from SIX discrete measurements,

56

VESP_00001559



SNC800

3.6. Storm/Stochastic Events

Six storm/stochastic events were sampled during the study period. The March 2006 sample was

conducted during an experimental flood pulse released from Thurmond Dam. A significant

storm event occurred during the USACE's experimental flood pulse (Table 3-6).

Table 3-6. Storm/Stochastic Event Sample Collection Summary
Date Range Sites Sampled Precipitation*
March 20 - 22,2006 River Miles 215,202,198,190,185, 2.91 inches (March 20 - 21); Also

179,148; Stevens Creek, Horse includes Thurmond Dam artificial
Creek, and Butler Creek pulse

June 14 -15, 2006 River Miles 190 and 185; Butler 3.73 inches (June 12 - 14)
Creek

July 25 - 26, 2006 River Miles 215, 202,190,185,148, 0.91 inches (July 22 - 24)
and 119; Stevens Creek, Horse
Creek, and Butler Creek

November 16 - 17, 2006 River Miles 202, 190, 185, 179, 148, 1.59 inches (November 15 - 16)
and 119; Stevens Creek, Horse
Creek, and Butler Creek

March 2 - 3, 2007 River Miles 202, 190, 185, 148, and 1.91 inches (March 1 - 2)
119; Stevens Creek, Horse Creek,
and Butler Creek

October 24 - 29, 2007 River Miles 190,185,179,148,119, 0.69 inches (October 23 - 24)
and 61; Stevens Creek, Horse Creek,
and Butler Creek

*As measured at Bush Field Airport, Augusta, GA

Generally, the concentrations for most constituents in storm event samples were similar to

regular samples, with similar upstream-to-downstream trends. Since the artificial flood pulse in

2006 and natural pulse in 2007 both occurred during the same month and were of the same

magnitude in terms of discharge, they provided a unique opportunity for comparison. It should

be noted that the 2006 pulse consisted almost entirely of releases from Thurmond Dam, while the

2007 pulse consisted almost entirely of watershed drainage downstream of Thurmond Dam. In

fact, the USACE ceased generation at Thurmond for an entire day (March 2, 2007) to avoid

potential flood impacts downstream.

As can be seen in Figure 3-33, the 2006 and 2007 pulses were very different. Except for sodium,

chloride, and alkalinity, the 2007 pulse generally resulted in much larger fluxes of material,

especially iron and manganese. Also, the 2007 pulse yield some of the only mainstem BODs

detections for the entire study. Differences in metal carbon mass fluxes indicate the magnitude

of watershed versus in-stream contributions of material, since both the 2006 and 2007 pulses

exposed the river channel to flows of the same magnitude.
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Figure 3-33. Mass flux comparison of March 2006 and 2007 flood events
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Figure 3-33 (continued). Mass flux comparison of March 2006 and 2007 flood events
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In an attempt to determine the impact of the floodplain on river water chemistry during events

such as the artificial pulse in March 2006 and natural pulse in March 2007, it was necessary to

determine the gauge height at which floodplain inundation occurred. For this exercise, we

assumed that the banks of the river channel were roughly vertical and that the slope of the

floodplain was significantly less than vertical. We also assumed that the flows during the

floodplain inundation events were dampened at the lower reach of the study compared to the

upper reach and that the flows were consistent until the event reached peak flow. Figure 3-34

shows the theoretical scenario where the stream channel fills at a constant rate (1), inundates the

floodplain (2), and either continues to inundate portions of the floodplain which are

topographically higher than the initial floodplain elevation (3), or the floodplain starts to drain

due to decreased river discharge (4).

Gauge height logger

2

time

4

SNC800

Figure 3-34. Stream cross section (top) and gauge height data (bottom) showing theoretical

floodplain inundation scenario.

Figure 3-35 shows the gauge height data for USGS gauge 021973269 near Plant Vogtle. Results

showed that floodplain inundation near Plant Vogtle most likely occurred at ~16.5 ft, which

correlated to ~17,200 cfs. Of the 761 days of USGS data collected between January 2006 and

January 2008, 7.9 days (1%) were at or above the 16.5 ft height near the Plant Vogt1e station.
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Figure 3-35. Gauge height for USGS gauge 021973269 at Plant Vogtle during the 2006 spring

pulse.

Figure 3-36 shows the gauge height data for USGS gauge 02197500 near RM 119. Results

showed that floodplain inundation near that gauge most likely occurred at ~11.50 ft which

correlated to ~14,000 cfs. Of the 761 days of USGS data collected between January 2006 and

January 2008,21 days (2.8%) were at or above the 11.5 ft height at RM 119 station.

Figure 3-36. Gauge height for USGS gauge 7500 near RM 119 during the artificial pulse in

2006.

Figure 3-37 shows the gauge height data for USGS gauge 02198500 near RM 61. Results
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showed that floodplain inundation near that gauge most likely occurred at ~9.00 ft which

correlated to ~11,700 cfs. Of the 761 days of USGS data collected between January 2006 and

January 2008,27.9 days (3.7 %) were at or above the 9.00 ft height at the RM 61 station.

13

12

11

10

=~ 9
Cl
'0;
J: 8.
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Figure 3-37. Gauge height for USGS gauge 8500 near Clyo during the artificial pulse in 2006.

Figure 3-39 shows the dynamics between dissolved oxygen and floodplain inundation. Firstly,

the Vogtle gauge was approximately 2 river miles upstream of the sonde location. This distance

may have resulted in a slight lag «lhr) between the real time data sets. As the river rose to the

overbank height, the DO was at a maximum of 10.25 mg 02/L. After a slight lag (~1-2 days),

DO decreased by nearly 1.5 mg 02/L over the next ~7 days. During this time, the floodplain was

inundated, the maximum flows had peaked, and the river stage began to fall. From the point of

peak flow to the first flow trough, water most likely drained off the floodplain back into the river

and it was during that time that the depressed DO was observed. DO concentrations decreased

by only ~1.5 mg/L early on but flows near 17,000 cfs would equate to a DO loss rate of 7.22E5

mg 02/s. Concentrations dipped even lower in the latter part of the analysis.

Specific conductance dynamics for the same time period showed that the flood pulse diluted the

water but as the floodplain drained back to the river, the conductance rose toward the initial

value (Figure 3-39). Interestingly, it was during the troughs of the descending limb of the flood

pulse that spikes in conductance were observed. This may have indicated entrainment of

floodplain or bank material into the river. Similar results were experienced during the March

2007 flood pulse (Figure 3-40, Figure 3-41).
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Figure 3-38. Discharge and dissolved oxygen at RM 148 during the 2006 spring pulse.
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Figure 3-39. Effect of floodplain inundation on specific conductance at RM 148 during the

2006 flood pulse.
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Figure 3-40. Effect of floodplain inundation on dissolved oxygen at RM 148 during the March

2007 flood pulse.
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Figure 3-41. Effect of floodplain inundation on specific conductance at RM 148 during the

March 2007 flood pulse.
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3.7. Sediment Samples

Results from sediment samples are presented in Table 3-7. Samples from Butler Creek yielded

the highest concentrations for most analytes, including the only detections of mercury.

Additionally, several herbicides, the pesticide DDT (4,4' -DDT), and the PCB Aroclor 1260 were

detected in Butler Creek sediment samples.

Figure 3-42 shows percent solids within all sediment samples from each sampling event.

Highest percent solids was found at RM6l in September 2007 while lowest percent solids was

found within Butler Creek in June 2006. Most samples at all locations ranged from 70% to 80%

solids with a slightly increasing trend in percent solids with decreasing river mile.

The lowest percent solids of all sites in April 2006 was RM 202. That site also had the second

lowest percent solids in June 2007. Other than the April 2006 sampling date, the lowest percent

solids were found within Butler Creek sediments on all other sampling dates. The sampling

location within Butler Creek is immediately upstream of a levy and the sampling location at

RM202 is immediately below the shoals, where the shoals meet the CSRA pool section of the

river. Both of these sites would have been areas of extensive sediment deposition.

Sediment trace metals and TOC concentrations for all samples are shown in Figure 3-43 and

Figure 3-44. Of all trace metal results, the highest peak concentration was iron within Butler

Creek and RM 202 sediments.

Of all elements that were analyzed for in the 2007 sediment samples (Fe, Mn, Cu, Mg, Na, K,

Ca, Cd, Cr, Pb, Ni, Se, Zn, As), iron accounted for >60% of the total mass in all samples (Figure

3-45). Of all elements that were analyzed for in the 2007 sediment samples (Fe, Mn, Cu, Mg,

Na, K, Ca, Cd, Cr, Pb, Ni, Se, Zn, As) including TOC, TOC accounted for less than 30% of total

mass at all sites except for RM 179 in April 2007 and in Butler Creek in September 2007.
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d'frt fa e - verage concen ra IOns om se iment sam]: es
RM 215 ,n, KM'U' KM 98 Hl' RM 190 BC RM 185 KM f. RM 148 RM 119 RM61 units

% Solids 74.7 69.3 62.5 76.1 75.3 76.8 37.1 77.1 75.0 77.6 77.2 80.3 %
2,4,5-T NO 28 35 NO NO NO 568 NO NO NO NO NO uq/kq
2,4,5-TP (Silvex) NO 17 120 NO 25 NO NO NO 22 NO NO NO ug/kg
2,4-0 NO NO NO NO NO NO 850 NO NO NO NO NO ug/kg
2,4-0B 22 NO 440 89 NO NO NO 33 43 NO NO NO ug/kg
4,4'-000 NO NO NO NO NO NO 18 NO NO NO NO NO u Ika
4,4'-00E NO NO NO NO NO NO NO NO NO 1.5 NO NO u Ika
4,4'-00T NO NO NO NO NO NO 25.0 NO NO NO NO NO u ko
Aldrin 1.2 NO NO NO NO NO NO NO NO NO NO NO u kg
alpha-BHC NO NO NO NO NO NO NO NO NO NO NO NO ukg
alpha-Chlardane NO NO 1.5 NO NO NO NO NO NO NO NO NO uglkg
Aroclor 1016 NO NO NO NO NO NO NO NO NO NO NO NO uglkg
Aroclor 1221 NO NO NO NO NO NO NO NO NO NO NO NO ua/ka
Aroclor 1232 NO NO NO NO NO NO NO NO NO NO NO NO ua/ko
Aroclor 1242 NO NO NO NO NO NO NO NO NO NO NO NO ua/ka
Aroclor 1248 NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Aroclor 1254 NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Aroclor 1260 NO NO NO NO NO NO 270 NO NO NO NO NO ua/kg
Arsenic 1.2 1.0 1.2 0.8 0.8 0.7 3.9 0.5 0.9 o.s 0.8 0.6 mg/ka
bela-BHC NO NO NO NO NO NO NO NO NO NO NO NO uo/ko
Cadmium 0.0 0.1 0.0 0.0 NO 0.0 1.1 0.0 NO 0.1 0.1 0.0 mg/kg
Calcium 422.5 390.0 1117.5 262.5 102.0 265.0 2225.0 210.0 302.5 198.0 255.0 220.0 malka
Chromium 9.9 10.5 13.7 7.5 24.3 4.4 32.5 5.4 3.8 3.2 4.4 2.6 ma/ka
Copper 2.3 4.9 8.0 2.3 2.2 1.5 33.2 1.7 1.3 0.9 1.5 0.8 mg/kg
Dalapon NO NO NO NO NO NO NO 450.0 NO 550.0 NO NO ug/kg
della-BHC NO NO 7.0 NO NO NO NO NO NO NO NO NO uglkg
Dicamba NO NO 57.5 NO NO NO NO NO NO NO NO NO ua/ka
Dichloroprop NO NO 132 170 NO 20 13000 NO 38 24 20 NO ua/ka
Dieldrin NO NO NO NO NO NO NO NO NO NO NO NO ua/k
Dinoseb NO NO NO NO NO NO NO NO NO NO NO NO ua/k
Endosulfan I NO NO 2.2 NO NO NO 1.9 NO NO NO NO NO ug/kg
Endosulfan II NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Endosulfan sulfate NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Endrin NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Endrin aldehvde NO NO NO NO NO 1.0 NO NO 1.2 NO NO NO ug/kg
Endrin ketone NO NO NO NO NO 2.6 NO NO NO NO NO NO ug/kg

amma-SHe {Lindane NO NO NO NO NO NO NO NO NO NO NO NO ug/ka
amma-Chlordane NO NO NO NO NO NO NO NO NO NO NO NO uglkg

Heptachlor NO NO NO NO NO NO NO NO NO NO NO NO uglkg
Heptachlor eecxlde 1.6 NO NO NO NO NO NO NO NO NO NO NO ualk
Iron 5400 7550 12500 4750 3025 3350 21375 3125 3225 2475 3650 2400 mglkg
Lead 2.0 3.4 5.4 3.2 3.0 1.6 54.3 1.6 1.5 1.3 1.7 1.4 ma/ka
Magnesium 230.0 477.5 1377.5 425.0 130.0 108.7 1707.5 140.0 115.3 94.0 190.0 94.0 mg/kg
Manganese 1325.0 390.0 1555.0 735.0 73.8 465.0 1065.0 1375.0 1242.5 900.0 925.0 345.0 mg/kg
MCPA NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
MCPP NO NO NO 4700.0 NO NO 160000.0 NO NO NO NO NO uq/kq

Mercury NO NO NO NO NO NO 0.5 NO NO NO NO NO mg/kg
MethoXYchlor NO NO NO NO NO NO NO NO NO NO NO NO ua/ka
Nickel 4.1 3.4 9.7 4.4 3.8 3.8 16.3 1.9 3.0 2.4 2.5 1.2 mg/kg
Potassium 170.0 327.5 1075.0 200.0 88.7 81.0 1177.5 105.3 88.5 73.0 123.5 50.0 mg/kg
Selenium 0.2 NO 0.4 0.3 NO 0.4 0.9 0.9 0.5 NO NO 0.4 ma/k
Sodium 50.0 93.0 133.0 89.5 95.0 84.0 623.3 82.7 76.7 88.0 30.5 61.0 mg/kg
TOC 145.0 1130.0 1400.0 1050.0 915.0 535.0 36145.0 450.0 8750.0 490.0 615.0 260.0 mglkg
Toxaphene NO NO NO NO NO NO NO NO NO NO NO NO ug/kg
Zinc 13.2 27.5 55.3 26.7 19.0 24.6 272.8 22.7 18.5 26.7 31.5 25.5 mg/kg

T bi 37 A
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Figure 3-42. Sediment percent solids results for all samples from April 2006 through September

2007.
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Figure 3-45. Percent iron mass relative to total mass of all elements analyzed within sediment

samples (*Fe, Mn, Cu, Mg, Na, K, Ca, Cd, Cr, Pb, Ni, Se, Zn, As).
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Figure 3-46. Percent TOC mass relative to total mass of all elements analyzed within sediment

samples (*TOC, Fe, Mn, Cu, Mg, Na, K, Ca, Cd, Cr, Pb, Ni, Se, Zn, As).
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3.8. Macroinvertebrates

EPT taxa increased from RM 215 to RM 190 (Table 3-8, Figure 3-47). River miles 215, 198,

and Stevens Creek had the lowest mean EPT taxa. The highest mean EPT taxa was at RM 148.

EPT density was low in the pool section (RM 215 to RM 190) relative to the run of the river

section (RM 185 to RM 61), but did increase from RM 215 to RM 190. EPT density was lowest

at RM 198 and highest at RM 148. A pronounced increase in EPT density in the RM 185 to RM

148 reach was observed from late spring to early winter.

Sba e - esu ts 0 narvsis 0 acroinverte rate ampies
Mean Number of Taxa Mean Density (#/m2

)

Site Ephemeroptera Trlchoptera Plecoptera EPT Ephemeroptera Trichoptera Plecoptera EPT
RM215 0.125 0.875 0.125 1.125 0.5208 9.246 1.044 10.81

SC 1 0.5714 0 1.571 5.677 45.61 0 51.28
RM202 0.875 1.375 0 2.25 4.713 11.48 0 16.19
RM198 0.25 0.75 0 1 0.5208 3.006 0.2583 3.785

HC 1.25 2.75 0.75 4.75 62.89 35.03 9.381 107.3
RM190 1.125 2.75 0.125 3.875 7.463 57.08 0.5188 65.06

BC 0.625 1.375 0 2.125 3.275 100.8 0 95.4
RM185 1.5 3.75 0.125 5.75 63.44 650 3.982 717.4
RM179 1.125 2.875 0.25 4.25 76.43 229 0.85 306.3
RM148 3.75 5.375 1.625 10.62 121 788.9 31.12 941
RM119 3.429 2.429 2 7.714 136.9 52.67 18 207.6
RM61 4.25 3.5 2.125 9.75 171.9 122.2 49.65 343.8

T bI 3 8 R 1 f EPT AI' f M

Mean Ephemeroptera diversity was lowest at RM 215 and highest at RM 61 (Figure 3-48).

Ephemeroptera density was low in the pool section and steadily increased from RM 185 to RM

61 where the highest densities were reached.

Mean Trichoptera diversity was lowest in Stevens Creek and highest at RM 148 (Figure 3-49).

For individual sampling periods, Trichoptera diversity was always highest at either RM 185 or

RM 179. Mean Trichoptera density was low in the pooled section relative to the run of the river

section, with the lowest and highest densities at RM 198 and RM 148, respectively. Trichoptera

density at RM 61 was similar to the pool section. The highest mean Trichoptera numbers were

seen at RM 185 and RM 148 for every sampling event.

Mean Plecoptera diversity was lowest at Stevens Creek, Butler Creek, RM 202, and RM 198,

and highest at RM 61 (Figure 3-50). For every sampling period, maximum Plecoptera diversity

was reached by RM 148 or beyond. Mean Plecoptera density was highest at RM 61.

Additionally, Pteronarcyid Plecopterans were observed at RM 61 in December of 2007 and at

71

SNC800 VESP_00001574



SNC800

RM 119 in January of 2008. Pteronarcyids have been suggested to be indicators of good water

quality as they are long lived (>2yrs.) Plecoptera (Fore et al. 1996).
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Figure 3-47. EPT taxa diversity and density.

73

VESP_00001576



'"

...

'"'"i
N

-

0

Ephemeroptera Taxa

,,,,

T --- T T i:: l I: _:
.J.: +-. -1/: <,•

.",.--,.•.; .. 1 1'...1 .1 I

I , ,,-,-: ''1.1.: : '
~ __ .: : ,I. I: ,.. I :
~ : _L I -~. _L \ ~L_L

_L _ _ L. _L. _L.

-1-,,
--- I, ,, ,
]+
'I'.,f· :

: . :, , '
I I _L., ,
, ,, ,
, ,
, ,

_L_ I
_L

Ephemeroptera Mun Density

215 SC 202 198 HC 190 BC 185 179 148 119 61

Site

Ephemeroptera Taxa

215 SC 202 198 HC 190 BC 185 179 148 119 61

Site

Ephemeroptera Density

6-0ct

200 150 100

200 1:50 100

[-Dec

RiverMile

I-Feb

4

'100

300

200

100

'100

300

200

100

200 150 100

200 1:50100

200 1:50 100

RiverMHe

200 150 100

'100

300

200

100

SNC800

Figure 3-48. Ephemeroptera taxa diversity and density.
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Figure 3-49. Trichoptera taxa diversity and density.
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Fecal Coliform Samples

Fecal coliform results of each sampling location for monthly sampling events are summarized in

Table 3-9. Fecal coliform results of all storm water sampling events are summarized in Table

3-10. Samples that were out of hold time (6 hours) were a result of the Lagrangian sampling

scheme employed. Samples were taken during day and night hours, however the lab performing

fecal coliform analyses only accepted samples between 08:00 and 16:30.

Table 3-9. Monthlx fecal coliform (MPN)
RM215 SC RM202 RM198 HC RM190 BC BCwetrand BCPhjni~ RM185 RM179 RMI48 RM119 RM61 Trip Blank

Feb-lJ6 <20 1700 700 230 20 230 300 40 230 230
Mar-Q6 <20 40 20 230 3000 500 5000 130 130 (130) 230 20
Apr-lJ6 40 130 40' 340 130 110 2300 20 (20) 2070 70 20
May-lJ6 20 <20 <20' 20 40 80 2200 130 (80) 20 20
Jun-lJ6 30 (110 13 23 110 220 70 900 500 110 8 (8 110 50 2
Jul-lJ6 11 22 4 13 70' >1600' 23 900 900 500 23 23 17 (14) 4 2
Aua-lJ6 220 17 50 50' 500' 140 >1600 1600 >1600 1600 1600) 220 >1600 500
see-os 17 26 30(30)" 300' 30' 70' 500' 500 60 23 110 14(23) 23' 30 2
oe-os 21' 50' 50' 50' 170' 26' 300 900 50 70 170 17(30) 50' 2(11)' 2
Nov..Q6 9 11 17 8 90 90 >1600 >1600 >1600 500 >1600 900 80(130 13(30) 2
Dec.Q6 8 30 23(130 30 70 23 >1600 110 13 23 17 30 30 13(13) 2
Jan-Q7 23' 900' 80' 500 900 500' 900' 1600 300 240' 900 50 70 110 80 2
Feb-lJ7 <2' 50' 82) 4' 22' 8 220 1600 220 17' 8' 13(30) 23 13 2
Mar-Q7 4' 80' 50 50 50 50 240 5000 80 50' 8' 30(8) 4 23(22)" 2
ADr-lJ7 2 80 11' 8' 22' 11' 500' 500 500 80 23 11(30) 23 50 2
Mav-07 8 300 90 23' 130' 823 110 17 130 8 23 11' 30') 26 9 2
Jun-Q7 2' 4' 300' 300' 240' 17' 500 80 500 30 13 5080) 2' 8'(8') 2
Jul·07 7' 11' 23' 110' 23' 50' 70' 80' 280' 80 30' 17' 2' 2
Aug-lJ7 23' 13' 14' 17' 50' 13' 8' 300 80 110 17 17 22 30' 14' 2
Sep-lJ7 70' 11' 17(30) 11' 50' 2' 240 2 23 11 50' 23 2
Ocl-lJ7 4' 14' 30(50) 23' 170' 11' 5000 140 170 300 30 50' 23' 23
Noy-e)7 2 70 22' 7' 17' 2' 130(900)' 80 2 8 50 11 8 2
Dec-lJ7 13 30 17' 30' 23' 8' 900' 70 27 23 23 50 13' 4' 2
Jan-QS 8 130 27 14' 240' 17' 900 140 50 30 (50) 60 50 <2

Out of hold time (Duplicate sample)

Table 3-10. Stormwater fecal coliform (MPN),
Stormwater 1 Stormwater 2 Stormwater 3 Stormwater 4 Stormwater 5

Jun. 14, 2006 Jun. 15,2006 Jul. 25-26, 2006 Nov. 16-21, 2006 Mar. 2-5, 2007 Oct. 07, 2007
RM215 22 80 1600
SC 50 130 2400 50'
RM202 8
RM198 900 1600
HC 300 240'
RM190 170 500 (170) 30 300 2400
BC >1600 >1600 300 >1600(>1600) 5000
RM185 1600 130 30 (50)
RM179 500
RM148 80 500 2400
RM119 300 <2 50'
RM61 23'
Trip Blank <2 <2 140 2400 23
BC Phinizv 500 300 140
• Out of hold time (Duplicate sample)
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4. DISCUSSION

4.1. Thurmond Dam Effects

Savannah River flows below RM 222 originated from water used to generate power through the

Thurmond Dam. Water was withdrawn from a 36 - 90 ft zone below the surface of Thurmond

Lake (~230-290 msl). As a result, water quality trends for the river (below RM 222) were a

consequence of the withdrawn water and were determined by seasonal and stochastic lake

dynamics. Examples of seasonal dynamics included lake stratification, lake homogenization

(turnover), and phytoplankton blooms; examples of stochastic dynamics included rain events,

concomitant runoff, and severe wind events with resulting lake seiche episodes. Since that water

was used for power generation, it was released as a daily pulse or series of two pulses, depending

on energy needs. Discharge from the metalimnion of Thurmond Lake impacted the following:

transport of trace metals, river DO and pH above shoals, and river macro invertebrate dynamics

(Section 4.5).

Lake stratification was one of the important influences on Savannah River water quality trends in

regards to trace metals mobilization. As the lake became stratified due to increased thermal

heating and wind circulation, the lower lake strata were isolated from the constant flux of wind

mixed atmospheric oxygenation. As a result, organic matter was utilized by benthic bacteria at

the expense of DO, which caused the redox and pH within the sediment and lower lake strata to

decrease. This decrease caused the rate of trace metals flux from the sediment to the overlying

water column to increase. As respiration rates within the hypolimnion continued over time, the

flux of material into the water column from the sediments increased, causing the sharp interface

between high and low redox tension, or "redoxcline", to ascend higher into the water column.

Typically in early to mid summer, dissolved material transported from the lake sediments was

ultimately captured within the power generating turbine's cone of withdrawal and exported to the

middle and lower river basin. A depth time diagram of Thurmond Lake specific conductance,

developed from data supplied by USACE, is shown in Figure 4-1. The figure indicates the zone

within the lake from which water was withdrawn for supply to the river. Since specific

conductance is typically a measure of dissolved constituents in water, the figure shows the

sediment flux dynamics as described.
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Figure 4-1. Depth-time diagram of Thurmond Lake forebay specific conductance profiles from

2006 and 2007 (data provided by USACE).

Trends in pH indicated that water withdrawn from Thurmond Lake most likely contained

reduced chemical constituents that became oxidized as a result of reaeration from RM 222 to RM

215. Oxidation of a portion of those reduced species, as the water traveled through aerating

turbines and the river reach between RM 222 to RM 215, produced slightly acidic water at RM

215. April 2006 chemistry results of both iron and manganese from RM 215 showed that ~50%

of the iron and manganese was oxidized and in the June 2006 sampling event, ~45% of the iron

and manganese was oxidized (0.45um filtration cutoff). In addition, nearly the highest masses of

iron and manganese were found in RM 215 sediment samples (5.2glkg in April and 7.9g/kg in

June). These trends showed that considerable precipitation of iron and manganese occurred at

RM 215. Such oxidation most likely poised the pH at that location since iron oxidation produces

acidity.

Cycles of seasonal stratification and homogenization of the lake's lower depths should have

significantly impacted the chemical constituency of the river over seasonal time periods. Figure

4-2 shows trends in dissolved oxygen concentrations in Thurmond Lake at the depths of water

withdrawal and dissolved oxygen concentrations at RM 215 from January 2006 through
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December 2007. Thurmond Dam was recently retrofitted with autoventing turbines capable of

aerating the hypoxic lake water. Those turbines were capable of adding as much as 3-4 mglL of

dissolved oxygen to water discharged into the river. This was evident in Figure 3.18, where lake

DO levels approached zero from May to October, while DO levels at RM 215 were maintained

above 4 mg/L. There was a strong linear relationship between the lake withdrawal zone and

RM215 DO trends (R2=0.8854) (Figure 4-3).
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Figure 4-2. Dissolved oxygen trends within the Thurmond withdrawal zone and RM 215.
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Figure 4-3. Regression of dissolved oxygen concentrations within the Thurmond withdrawal

zone and RM 215.
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4.2. Oxygen Dynamics

Oxygen dynamics within the middle and lower Savannah River basin were dominated by biotic

and abiotic mechanisms. Biotic mechanisms included photosynthesis and respiration and abiotic

controls included aeration, reaeration, oxidation/reduction reactions, and the effect of

temperature on DO saturation.

As shown above, Thurmond Lake effects on river DO concentrations above the CSRA shoals

resulted from bacterial respiration within the lake hypolimnion. A significant portion of water

released from Thurmond Dam was retained by the Stevens Creek Dam which resulted in a daily

"tidal flow signature" where water backed up into Stevens Creek as a result of the rising river

stage at the Stevens Creek Dam. As a result, DO concentrations within Stevens Creek were

significantly influenced by hypolimnetic discharges from Thurmond as welL In addition to low

DO from Thurmond, the "tidal" nature of Stevens Creek could have exacerbated the deposition

of particulate organic matter and reduced metals loads (potentially oxygen consuming

substances) load to Stevens Creek. These constituents, along with the low velocities and daily

stagnant conditions when flow in the creek reversed direction, were highly conducive to bacterial

respiration and concomitant DO loss within Stevens Creek.

Downstream of Stevens Creek Dam, aeration and photosynthesis within the shoals increased DO

concentrations to saturation, and most often, supersaturation. Aeration through the shoals and

over the dam structures helped to reaerate the water but photosynthesis within the shoals played

a dominat role as well. Some evidence that photosynthesis played a significant role came from

the tandem diurnal fluctuations in DO and pH (Figure 4-4). Such a trend stems from the fact that

photosynthesis and respiration can exert a dominant control on dissolved CO2 concentrations

within natural waters. Since geochemical equilibrium of the carbonate buffer system is also

determined, in part, by dissolved CO2 concentrations within natural waters, respiration and

photosynthesis can be significant biogeochemical controls on pH as welL The following set of

equations shows the relationship:

CO2 + H 20 q CH20 + 02

r
+

+H
+

+H

SNC800

As the demand for CO2 (during photosynthesis) increased above the rate at which C02 could be

replenished by the atmosphere, W was consumed and pH increased. So, as a result of
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photosynthesis DO concentrations increased and pH and DO rose concomitantly within the

shoals.

Below the shoals and within the CSRA pool section (above NSBL&D), a slight decrease in

dissolved oxygen was observed from RM 202 to RM 198. Since pH decreased as well, this loss

may have been due to bacterial respiration but some of the loss was attributed to aeration of the

supersaturated water exiting the shoals. The continued loss of DO from RM 198 to NSBL&D

most likely resulted from some bacterial respiration since pH decreased as well. That section of

the river (from RM 202 to NSBL&D) was the only portion of the study area that had emergent

and submerged aquatic vegetation which offered a steady supply of organic material to that river

reach. Low flow velocities within the pooled section could have also exacerbated the respiration

dominance as well. Some DO loss could have come from an inorganic chemical oxygen demand

as well since annual mass flux calculations indicated that section of the river received significant

loads of material (Table 3-5). Reaeration within this pooled section of the river was thought to

play an insignificant role of reoxygenation due to the low flows and relatively large average

depths.
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Figure 4-4. Diurnal fluctuations in dissolved oxygen and pH at RM202 in April 2007.
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Water passing over NSBL&D (RM 187) helped to increase DO concentrations above saturation,

as well. Since the dam helped to reaerate the water to ~107%, at least 7% of the DO should have

been lost to aeration in the river below the dam. In the "run-of-the-river" reach (below

NSBL&D), both DO and pH decreased from RM185 to RM 148. This most likely indicated that

respiration was the dominant control on river DO. At RM 119, DO continued to decrease but pH

increased which may have indicated that high respiration rates were offset by higher reaeration

rates. Both pH and DO increased from RM119 to RM 61 which most likely indicated that

photosynthesis played a significant role in adding oxygen to the river.
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4.3. Carbon Dynamics

TOC concentrations in natural systems typically range from 0.5 mg/L in groundwater and

seawater to 30 mg/L in "blackwater" swamps with average river concentrations of ~7.0 mg/L; 5

mg/L as DOC and 2 mg/L as Particulate Organic Carbon (POC) (Thurman, 1985). On average,

the Savannah had less Total Organic Carbon (TOC) when compared to literature values of other

rivers, with Dissolved Organic Carbon (DOC) comprising all of the TOC in 92% of the samples.

Average DOC concentrations in Savannah River's mainstem ranged from 2.3 to 4.1 mg/L at RM

215 and RM 179, respectively while concentrations ranged from ~3.l to 6.5 mg/L in Horse

Creek and Butler Creek, respectively (Figure 4-5).
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Figure 4-5. Monthly DOC concentrations from each permanent station from September 2006

January 2008. (X-axis nomenclature: BB= RM215, SC = Stevens Creek, NA= RM202, 520=

RM198, HC = Horse Creek, Stans= RM190, BC = Butler Creek, DS= RM185, IP= RM179,

Vogtle= RM148, 301= RM119, Clyo= RM61)

Compared to other rivers in Georgia, TOC concentrations within the Savannah are either similar

(rivers originating in the Piedmont) or significantly below (rivers originating in the Coastal

Plain) those of other rivers in the state. Cai et aL (1998) showed DOC concentrations of ~9

mg/L in the Altamaha (Piedmont river) and ~26 mg/L in the Satilla (a Coastal Plain river); at the

time of sampling (1995), concentrations within the Savannah were ~4.5 mg/L at the river/estuary
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interface. Moran, et aL (1999) sampled the Savannah, Ogeechee, Altamaha, Satilla, and St.

Marys rivers in March 1996 at the river/estuary interface and reported concentrations of 4.3,3.8,

3.2, 4.0, 4.2 mg/L, respectively. They sampled the Savannah, Altamaha, and Satilla again in

May 1996 and reported concentrations of 3.2, 3.0, and 3.6 mg/L, respectively. Finally, they

reported concentrations of 25.4 and 29.9 mg/L in their samplings of the Satilla in March 1997

and August 1997, respectively.

TOC concentrations at Clyo (RM 61) compared to the USGS station at Port Wentworth over the

same time period showed that the concentrations were similar from April 2006 through April

2007 (Fig. 4). Although the concentrations were similar between these two sites, the significant

difference may be the organic carbon mass between the sites when accounting for discharge.

USGS does not supply discharge data for this site but the specific conductance data from this site

indicated that it was well within the tidal portion of the harbor (spec. condo »1 mS). If the

concentrations were the same but the discharges varied by lOx at some points during high tide,

then the carbon mass at the Port Wentworth site was lOx higher as well. This logic may indicate

that the riverine carbon load contributed only ~10% of the total carbon load to the harbor at that

time.

::J
C,

.s 3+-----B"--------------+----\-------+--

~

2+---

-+- Port Wentworth
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Figure 4-6. TOC concentrations at RM 61 (Clyo) and RM 21 (Port Wentworth).
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Overall DOC mass flux trends indicated a seasonal trend where the cooler months exported

significantly more carbon than the warmer months (>lE6 mg Cis versus >8E5 mg Cis) (Figure

3-32). During the cooler months, presumably due to decreased respiration rates, carbon mass

increased steadily with decreasing river mile, even through the floodplain section of the study

reach. However in the warmer months, DOC mass often decreased through the section of river

with adjacent floodplains. This trend most likely indicated that significant respiration was

ongoing especially in July 2007 when a loss of ~ 2E5 mg DOC/s was observed from RM 179 to

RM 61; this loss decreased carbon mass to levels observed within the CSRA pool for that time

period and may indicate that a significant amount of CSRA effluent material may be respired

within river, prior to the harbor.

TOC/DOC Dynamics

Throughout the first 2 years of the Savannah River study, concentrations ofTOC and DOC have

been virtually equal. However, measurement error may account for some of this similarity.

Both TOC and DOC were determined, by Shealy Environmental Services (Cayce, SC), on an I/O

TOC analyzer. This is an often cited instrument for this analysis and is an EPA approved

method with a standard error of 1-3% for DOC and 5-10% for TOC. That potential error results

from the possible limitation of the instrument to sample larger particulate matter upon analysis

(Ron Benner, personal communication; APHA, 1985). If the sampled river system is typically

depleted of large particulate matter, then the measurement error for TOC would be minimal.

With that in mind, 92% of the TOC data was within 10% of the DOC data (n=309) (Fig. 6). Of

the remaining 8%, only half of the data showed TOC>DOC whereas the other half showed

DOC>TOC.
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Figure 4-7. Histogram of percent difference between TOC and DOC (n=309).

Of all instances where TOC > DOC (all data included, n=309), 26% occurred within the sampled

creeks (Stevens Creek, Horse Creek, and Butler Creek), 16% occurred above New Savannah

Bluff Lock & Dam (NSBL&D), and 58% occurred below NSBL&D. Of the instances where

TOC exceed DOC by more than 10% (n=24), 54% occurred in the sampled creeks, 25%

occurred upstream ofNSBL&D, and 21% occurred downstream ofNSBL&D.

The apparent discrepancy for the Savannah River TOC/DOC dynamics stems from the fact that it

is a highly regulated river. Natural (unregulated) rivers typically contain organic matter from

many sources which can be grouped into two main categories, autochthonous and allochthonous.

Autochthonous sources originate in-stream and mostly result from bacterial, algal, and aquatic

vegetative growth. Allochthonous sources originate from watershed sources outside the river

and can come from headwaters, tributaries, floodplain and riparian wetlands, groundwater, and

anthropogenic point sources. Since the Savannah is completely disconnected from its

headwaters by three reservoirs (Hartwell, Russell, and Thurmond), the typical carbon additions

from that source is reduced compared to the amount that could possibly be transported from the

headwaters. In addition, the TOC/DOC ratio is significantly altered as a result of the reservoirs.

Steep upland catchments typically release more Particulate Organic Carbon (POC; POC=TOC

DOC) material than lowlands. POC released from the reservoirs is negligible because there is

extensive bacterial processing and settling of the upland POC within the reservoirs. Water

feeding the middle and lower Savannah originates from the mid-depths of Thurmond Lake, so

most of the TOC is in the dissolved form. These reservoir effects typically kept the DOC

concentrations fairly low and constant at 2.33 mg/L (SD = 0.396 mg/L; n=15) throughout the
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2006-2007 study. The three additional impoundments within the middle Savannah (Stevens

Creek Dam, Augusta Diversion Dam, and NSBL&D), in addition to the pooling effect of

NSBL&D, had a similar effect on TOC/DOC ratio as well.

Downstream of NSBL&D, river meandering and bank erosion was possible from ~RM 185 on.

However, POC transport was still minimal because the middle and lower reaches of the

Savannah are within the relatively moderate to flat catchments of the Coastal Plain. This

resulted in a predominance of DOC export from the watersheds within the middle and lower

reaches. Newman (1986) conducted biweekly sampling of organic material for 18 months within

the Four Mile Branch watershed (on Savannah River Site property; ~RMI48) and found average

TOC concentrations of 7.1 mg/L with DOC accounting for 75% of TOC. Mulholland and

Keunzler (1979) found that watersheds in North Carolina that had considerable swamp drainage

exported 7x more organic carbon than upland watersheds, with >80% being exported as DOC.

Streams and rivers drain varying loads of carbon from watersheds to the ocean. The load

typically depends upon the climate where biomes in cooler climates generate more carbon flux to

rivers than those in warmer climates and biomes in drier climates generate less carbon flux than

wetter biomes with swamp forests generating one of the highest fluxes (9.913 g C m-2 yr')

(Wetzel, 2001). For the Savannah, Dosskey and Bertsch (1994) found that 93% of all carbon

entering Four Mile Branch (an SRS tributary; ~RM148) resulted from only 6% of the watershed

area which was floodplain wetland forest and that the study watershed (12.6 knr') exported 26.9

tons C/yr to the Savannah River.

BOD5 Results

The total number of BODs samples that were analyzed from 2006-2007 was 305. Of the total,

35 samples (11.5%) had results higher than the Practical Quantitation Limit (PQL) of 2 mg/L.

Of the 35 samples >2.0 mg/L, 13 (37.1%) were considered storm water samples. Of the samples

with results >PQL, 63% were from the sampled creeks (Stevens Creek, Horse Creek, Butler

Creek), with sites above and below NSBL&D comprising 17% and 20%, respectively. Of

samples >PQL, Butler Creek comprised nearly half of the total with 49% with Stevens Creek and

RM 202 comprising ~ 10% each (Figure 4-8) (Box plots of the all results are shown in Figure

3-25). These results are similar to data collected by SCDHEC from 1999 through 2006 for the

Savannah River. Their data showed 232/829 (28%) samples with results >PQL. In addition,

their results showed that 595/829 (71%) samples had results <PQL but >0. Average

concentrations from all SCDHEC data was 1.65 mg/L.
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Figure 4-8. Percentage of BODs results >2.0 mg/L by site from 2006-2007 (n=305).

4.4. Sediment Chemistry

Percent solids results showed that RM 202 and Butler Creek were most likely sediment

deposition zones. However, the results showed that sediment deposition within those areas was

most likely affected by stochastic flood events. The March 2006 pulse, which resulted from a

USACE flood release, originated from the metalirnnion of Thurmond Lake. Increased

inundation of the Stevens Creek watershed during this time most likely mobilized sediment and

also mobilized sediment that accumulated behind Stevens Creek and Augusta Diversion Dams.

For the RM 202 site, a portion of that sediment load was most likely deposited at the base of the

shoals where the pooled CSRA section of the river begins. Such deposition would have resulted

from the decrease in water velocity from the shoals to the pool. The percent solids increased

slightly from April to June which may have resulted from oxidation reactions and concomitant

precipitation of particulate material, especially iron and manganese. The 2007 pulse resulted

from a significant rain event within the Stevens Creek watershed. This event most likely

deposited less material than the first because most of the debris dams were cleared during the

2006 event.

Percent solids was highest for the Butler Creek site in 3 out of the 4 sampling events. This was

due to the sediment accretion behind the Augusta levy. The 2006 pulse most likely backed up

into Butler Creek causing a release of sediment from behind the levy which is why the sample in

April 2006 (several weeks after the flood event) had the lowest percent solids of all samples
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taken at that site. The June 2006 sampling event gives some indication as to the sediment

accumulation rate behind the levy. The April 2007 event was nearly 6 weeks after the 2007

flood event so enough time had passed after that event so that a significant amount of sediment

could buildup behind the levy again.

Although percent solids is not a direct assessment of particle size, smaller particle sizes (i.e.

clays) typically have larger water holding capacities. A significant majority of trace metals in

river systems can be transported by surface complex adsorption to clay particles (Horowitz,

1991). This most likely explains the association between low percent solids and high metals

concentrations at the Butler Creek and RM 202 sampling locations. Furthermore, coincidence of

high iron/manganese masses with higher heavy metals concentrations at those locations were

indicative of the affinity for heavy metal coprecipitation with iron and manganese oxides.

4.5. Aquatic Macroinvertebrates

Members of the Ephemeroptera, Plecoptera, and Trichoptera families are generally considered

pollution sensitive (Resh 1993). EPT taxa richness was used as an assessment of water quality

and has been suggested as a metric for water quality determination by the EPA (Barbour et al,

1999, Barbour et al, 1995, and Weber 1973) and others (Wallace et al. 1996 and Lenat 1983).

Blocksom and Flotemersch (2005) found that Hester-Dendy sampling devices (Hester and

Dendy 1962) preformed consistently well across impoundment groups and were correlated with

the most abiotic variables, compared to other methods. Battegazzore (1994) found that Hester

Dendy samplers preformed best in their study.

Low EPT diversity at RM 215 and Stevens Creek was likely the result of impacts due to

hydropower generation. River mile 215 had hydrologic instability due to its proximity to J.

Strom Thurmond Dam. The Steven's Creek site was impacted by low dissolved oxygen due to

stagnation of the water column when water released from Thurmond Dam was backed up by

Steven's Creek Dam.

The observed increase in EPT taxanomic diveristy through the pool section was likely due to

addition of nutrients and a subsequent increase in algal production, which provided a food source

for macroinvertebrates. Nitrogen and Phosphorus contributions from Thurmond Dam releases

were low, but increased downstream of RM 198. Increases in EPT diveristy in the free flowing

river section were likely due to additional inputs of nutrients observed downstream of Butler

Creek, which may have increased algal production. Also, interaction with the floodplain and
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surface water inputs draining watersheds likely supplied allochthonous material resulting in

further diversification of the taxanomic assemblage.

Based on EPT taxanomic diversity, water quality increased as River Mile decreased. The sharp

increase in Plecoptera and Ephemeroptera taxanomic diversity and density below RMl79 was

likely due to an increase in quantity and quality of food resources and indicated increasing water

quality. Trichoptera taxanomic diversity showed an increase with decreasing river mile likely

due to the same factors attributing to Ephemeroptera and Plecoptera diveristy. Trichoptera

density increased with decreasing river mile generally with density spikes at RMl85 and

RM148. These spikes were likely due to watershed inputs.
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5. CONCLUSIONS
The significant findings of this study are:

• Discharge increased with decreasing RM,

• Light attenuation steadily increased with decreasing RM,

• Conductivity increased with decreasing RM, with much of the increase attributable to the

Augusta Urban Corridor,

• Temperature increased with decreasing RM,

• Dissolved oxygen dynamics were complex within the urban corridor but overall, DO was

higher at RM 61 than RM 215,

• pH steadily decreased with increasing RM, after RM 202, and

• EPT taxa increased with decreasing RM.

These findings point to the importance of characterizing the natural contribution of material to

the Savannah River, specifically below RM 185. Those contributions, as this study has shown,

can have significant consequences on water chemistry including loss of dissolved oxygen. A

clear delineation of the free flowing portion of the river is confounded somewhat by bank

erosion control measures (rip-rap lined banks) for miles below RM 187. However once clearly

beyond the lined channel boundaries and into the free flowing, floodplain section of the river, a

notable difference is observed within the river water itself. This observation is backed by the

data within this report and summarized above.

Theoretically, impounded rivers do not behave like first order streams, so a Vannote et al. (1980)

synthesis of river dynamics (River Continuum Concept) does not apply to these systems.

Furthermore, source water for these systems, the Savannah in particular, is water withdrawn

from a lake hypolimnion. Hypolimnia are characterized by highly processed, recalcitrant

nutrient constituents. This results from the fact that lake dynamics are gravity driven and can be

considered to have a surface to bottom cycle. Primary productivity, the driver for the entire

ecosystem, is produced within the upper waters. Energy within is carried through the water

column and is processed as it descends toward the bottom of the lake. Therefore, a gradient of

nutrient quality exists from the lake surface to the bottom. Much of the high quality nutrients are

sequestered and cycled within the upper water so what remains within the hypolimnion is often

of poor quality. Although this simplified discussion of lake hypolimnia is heavily geared toward

organic material processing, the carbon cycle is considered to be the base of the energy food

web.
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The significance of the fact that the source water feeding the Savannah is the hypolimnion of

Thurmond Lake is that the carbon quality of the river is initially poor and recalcitrant. This is

evidenced by the macroinvertebrate data. The fact that macroinvertebrate densities increase near

and within tributaries, the fact that densities of macroinvertebrate species which are considered

to be indicators of good water quality increase with decreasing RM, and the fact that the first

appearance of a top macroinvertebrate predator is observed within the floodplain-influenced

reaches of the Savannah are all highly significant findings. This would seem to indicated that

Savannah River water quality increases with decreasing RM and is best within the free flowing,

floodplain-influenced portion of the river. This trend most likely reflects the gradient of

increasing organic carbon quality from downstream of Thurmond Dam to RM 61.
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Appendix A - Acoustic Doppler Profiles
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Figure At-I. RM 215

Figure Al-2. Stevens Creek
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Figure Al-3. RM 202

Al-4. Horse Creek
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AI-5. RM 198

AI-6. RM 190
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AI-7. RM 185

At-8. RM 179
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Al-9. Augusta Canal
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Appendix B - Chemistry data tables
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Table B-1. Annual Statistics of Monthly Chemistry Sample Analyte Concentrations by

Site (all values reported in mg/L)

E8.~1l51 'ififif"//'//"~!§2igrj_ !§2igrj//'iW""" ,,//if
~~'l

Alkalinity 14.39 14 1.616 11.23 12 19 1.058 23
BOD 5 day 0 0 0 NA 0 0 NA 23
Cadmium 0.0001383 0 0.0006458 467 0 0.0031 4.472 23
Calcium 2.196 2.1 0.5637 25.67 1.5 4.3 2.238 23
Carbonaceous BOD 5 day 0.01304 0 0.06255 479.6 0 0.3 4.477 23
Chloride 2.687 2.7 0.1842 6.854 2.3 3 0.01671 23
Chromium 0.0006052 0 0.001497 247.3 0 0.0072 3.942 23
COD 2.639 0 4.334 164.2 0 13 1.24 23
Copper 0.001502 0.00092 0.002065 137.5 0 0.0099 3.295 23
Dissolved Ammonia N phenate 0.05957 0.072 0.05496 92.27 0 0.17 0.2383 23
Dissolved Nitrate-Nitrite N 0.1864 0.16 0.2707 145.2 0.022 1.4 4.146 23
Dissolved Nitrite N 0.003017 0 0.004995 165.6 0 0.016 1.517 23
DOC 2.352 2.2 0.3728 15.85 1.9 3.5 1.414 23
Iron 0.08387 0.075 0.0588 70.11 0.02 0.24 1.111 23
Lead 8.15E-05 7.20E-05 8.74E-05 107.2 0 0.00034 1.108 23
Magnesium 1.33E+00 1.30E+00 1.14E-01 8.573 1.1 1.6 0.4219 23
Manaanese 0.1186 0.033 0.1725 145.5 0.0067 0.54 1.54 23
Mercury 3.96E-06 0 1.90E-05 479.6 0 9.10E-05 4.477 23
Nickel 4.02E-04 0.00029 7.36E-04 182.9 O.OOE+OO 0.0034 3.161 23
Ortho-phosphorus 0.02596 0.023 0.02484 95.69 0 0.089 0.8831 23
Potassium 2.348 2.4 0.444 18.91 1.4 3.2 -0.3546 23
Selenium 0.0001322 0 0.0002167 163.9 0 0.00064 1.186 23
Sodium 3.057 2.8 0.5639 18.45 1.9 4.3 0.5049 23
Sulfate 2.663 2.6 0.6929 26.02 0.26 4.1 -1.387 23
TDS 33.61 34 14.65 43.59 0 64 -0.4944 23
TIC 2.191 2.2 1.033 47.15 0.73 4.6 0.5782 23
TOC 2.204 2.2 0.2585 11.72 1.8 2.8 0.7102 23
TSS 1.394 1 1.859 133.3 0 8 2.574 23
WSS 0.1435 0 0.6881 479.6 0 3.3 4.477 23
Zinc 0.004752 0.0041 0.003283 69.08 0 0.014 1.052 23
place 0 0 0 NA 0 0 NA 23
Arsenic 3.48E-05 0 0.0001167 335.4 0 0.00046 3.058 23
TKN 2.60E-01 0.2 0.204 78.32 0 0.86 0.9758 23
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Flli~ Y/Y/Y/Y//Y/Y//// &\/$/// Y/Y/<Wtl 07~\1

Alkalinity 33.61 31 11.06 32.9 12 53 0.2344 23
BOD 5 dav 2.235 0 10 447.5 0 48 4.442 23
Cadmium 1.87E-05 0 3.82E-05 204.7 0 0.00012 1.726 23
Calcium 5.74E+00 5.3 1.83E+00 31.96 2.6 9.1 0.1422 23
Carbonaceous BOD 5 dav 0.03217 0 0.1543 479.6 0 0.74 4.477 23
Chloride 5.887 5.8 1.933 32.83 3.5 13 2.115 23
Chromium 0.001084 0.00082 0.001593 146.9 0 0.0078 3.43 23
COD 17.13 16 10.43 60.85 0 51 1.294 23
Copper 0.001765 0.0016 0.001349 76.41 0 0.0068 2.178 23
Dissolved Ammonia N phenate 0.1286 0.11 0.1095 85.1 0 0.4 0.7858 23
Dissolved Nitrate-Nitrite N 0.1642 0.12 0.1758 107.1 0.0069 0.85 2.762 23
Dissolved Nitrite N 0.009326 0.0071 0.01328 142.4 0 0.062 2.886 23
DOC 6.391 5.7 2.249 35.19 3.8 13 1.368 23
Iron 1.031 1.2 0.4442 43.09 0.16 1.7 -0.602 23
Lead 0.0004041 0.0004 0.0002489 61.59 0 0.00082 -0.0926 23
MaQnesium 3.126 3 0.8438 26.99 1.7 4.9 0.3957 23
ManQanese 0.2429 0.2 0.1729 71.18 0.047 0.65 0.828 23
Mercurv 0 0 0 NA 0 0 NA 23
Nickel 0.0007409 0.00066 0.0006937 93.64 0 0.0032 2.041 23
Ortho-phosphorus 0.05583 0.044 0.0789 141.3 0 0.39 3.494 23
Potassium 4.157 4.1 1.676 40.32 1.4 8.6 0.4586 23
Selenium 0.0001726 0 0.0002581 149.6 0 0.00068 0.9685 23
Sodium 5.878 5.6 1.715 29.18 3.1 9.8 0.7764 23
Sulfate 4.43 3.8 1.846 41.67 2.4 9.4 1.11 23
TOS 67.83 73 26.32 38.81 0 120 -0.5303 23
TIC 4.165 3.7 2.247 53.94 1.1 11 1.221 23
TOC 6.27 5.6 2.169 34.6 3.7 12 1.122 23
TSS 9.1 5.9 9.262 101.8 1.3 42 2.28 23
TVSS 0.613 0 1.232 200.9 0 3..4 1.59 23
Zinc 0.005926 0.0047 0.00443 74.76 0 0.018 1.256 23
place 0 0 0 NA 0 0 NA 23
Arsenic 0.0002252 0 0.0003074 136.5 0 0.00086 0.8286 23
TKN 0.55 0.51 0.257 46.73 0 1 0.03302 23
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''7'7'7'7 W'Yf iD,fll
Alkalinity 15.43 15 2.041 13.22 13 21 1.752 23
BOD 5 day 0.2478 0 0.8322 335.8 0 3.3 3.071 23
Cadmium 0.000168 0 0.0007495 446.2 0 0.0036 4.452 23
Calcium 2.226 2.2 0.2472 11.1 1.7 2.6 -0.1957 23
Carbonaceous BOD 5 dav 0 0 0 NA 0 0 NA 23
Chloride 2.865 2.9 0.2347 8.192 2.4 3.4 0.04117 23
Chromium 0.00073 0.00068 0.0007471 102.3 0 0.0032 1.713 23
COD 4.67 0 5.983 128.1 0 20 0.8747 23
Copper 0.0009674 0.00087 0.0008543 88.31 0 0.0046 3.418 23
Dissolved Ammonia N phenate 0.04791 0 0.05923 123.6 0 0.22 1.104 23
Dissolved Nitrate-Nitrite N 0.115 0.13 0.04596 39.97 0.035 0.22 -0.04079 23
Dissolved Nitrite N 0.002348 0 0.004604 196.1 0 0.017 1.956 23
DOC 2.674 2.5 0.5512 20.61 2.2 4.6 2.262 23
Iron 0.1501 0.12 0.08297 55.26 0.064 0.35 0.9142 23
Lead 0.0001023 7.80E-05 8.99E-05 87.91 0 0.00031 0.6758 23
MaQnesium 1.37 1.40E+00 1.02E-01 7.444 1.1 1.5 -0.6784 23
ManQanese 0.08961 0.079 0.0519 57.92 0.028 0.24 1.475 23
Mercurv 9.57E-06 0 3.23E-05 337.3 0 0.00013 3.113 23
Nickel 4.84E-04 0.00039 4.36E-04 90.14 0 0.0018 1.157 23
Ortho-phosphorus 0.02061 0.017 0.02205 107 0 0.085 1.336 23
Potassium 2.409 2.4 0.4709 19.55 1.5 3.3 -0.5525 23
Selenium 0.0001843 0 0.0003413 185.1 0 0.0015 2.64 23
Sodium 3.161 3.1 0.4924 15.58 2.1 4 0.03995 23
Sulfate 2.835 2.9 0.4365 15.4 2.2 3.6 0.00424 23
TDS 36.48 35 16.37 44.88 0 69 -0.2731 23
TIC 2.003 2 0.7995 39.91 0.77 3.9 0.9041 23
TOC 2.622 2.5 0.5359 20.44 2.1 4.3 1.895 23
TSS 2.726 1.6 2.703 99.16 0 9.2 1.282 23
TVSS 0.1043 0 0.5004 479.6 0 2.4 4.477 23
Zinc 0.003809 0.0035 0.002626 68.96 0 0.01 0.3232 23
place 0 0 0 NA 0 0 NA 23
Arsenic 0.0001174 0 0.0001905 162.3 0 0.00059 1.176 23
TKN 0.2539 0.24 0.2099 82.67 0 0.76 0.7708 23
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i_ ~ [«mean 0i[«$$ $$ [«mfn 1$$[0 ~[0$1ii

Alkalinitv 15.48 15 2.502 16.17 12 24 1.949 23
BOD 5 day 0 0 0 NA 0 0 NA 23
Cadmium 1.73E-05 0 6.80E-05 392.7 0 0.00032 4.124 23
Calcium 2.278 2.3 0.261 11.46 1.7 2.8 -0.243 23
Carbonaceous BOD 5 dav 1.83E-02 0 8.76E-02 479.6 0 0.42 4.477 23
Chloride 2.857 2.8 0.2212 7.744 2.4 3.4 0.3105 23
Chromium 0.0005674 0.00035 0.001037 182.7 0 0.0045 2.745 23
COD 3.013 0 5.328 176.8 0 19 1.699 23
Copper 0.0009687 0.00091 0.0003935 40.62 0 0.0017 -0.09257 23
Dissolved Ammonia N phenate 0.06813 0.069 0.05853 85.91 0 0.18 0.1472 23
Dissolved Nitrate-Nitrite N 0.1454 0.13 0.1461 100.5 0.045 0.79 3.938 23
Dissolved Nitrite N 0.005326 0 0.01328 249.3 0 0.06 3.325 23
DOC 2.683 2.5 0.676 25.2 2 5.4 2.909 23
Iron 0.1253 0.1 0.06941 55.37 0.049 0.32 1.444 23
Lead 0.0001659 0.0001 0.0002876 173.3 0 0.0013 3.141 23
Magnesium 1.378 1.4 0.0998 7.241 1.1 1.6 -0.3961 23
Manganese 0.07752 0.065 0.03748 48.35 0.032 0.17 1.142 23
Mercurv 0 0 0 NA 0 0 NA 23
Nickel 0.0006352 0.0003 0.001763 277.5 0 0.0086 4.266 23
Ortho-phosphorus 0.01878 0.015 0.01807 96.18 0 0.084 2.052 23
Potassium 2.461 2.5 0.4812 19.56 1.6 3.5 -0.4544 23
Selenium 0.0002035 0 0.000344 169.1 0 0.0014 2.177 23
Sodium 3.226 3 0.5634 17.47 2 4.4 0.2663 23
Sulfate 2.943 3 0.3883 13.19 2.2 3.7 -0.237 23
TDS 33.35 33 15.8 47.37 0 62 -0.2496 23
TIC 1.925 1.8 0.8389 43.58 0.6 3.8 1 23
TOC 2.6 2.5 0.6053 23.28 2 5 2.848 23
TSS 2.022 1 3.92 193.9 0 19 3.783 23
TVSS 0 0 0 NA 0 0 NA 23
Zinc 0.04631 0.0035 0.2014 434.9 0 0.97 4.475 23
Arsenic 1.70E-05 0 8.13E-05 479.6 0 0.00039 4.477 23
TKN 0.2474 0.21 0.2108 85.18 0 0.91 1.189 23
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Alkalinity 4.117 4.4 2.201 53.45 0 8.7 -0.6404 23
BOD 5 day 0.1 0 0.4796 479.6 0 2.3 4.477 23
Cadmium 7.50E-05 0 0.0003329 443.9 0 0.0016 4.456 23
Calcium 1.11 1.1 0.1767 15.92 0.88 1.6 1.231 23
Carbonaceous BOD 5 day 0.01913 0 0.09175 479.6 0 0.44 4.477 23
Chloride 2.917 2.8 0.2269 7.779 2.6 3.6 1.474 23
Chromium 0.002722 0.0026 0.001313 48.22 0 0.0071 1.554 23
COD 7.635 9 5.824 76.28 0 19 -0.1266 23
Copper 0.002065 0.0018 0.001526 73.89 0 0.0084 3.182 23
Dissolved Ammonia N phenate 0.08491 0 0.1093 128.7 0 0.33 0.9651 23
Dissolved Nitrate-Nitrite N 0.1675 0.17 0.08096 48.33 0.072 0.34 0.6698 23
Dissolved Nitrite N 0.006209 0 0.01448 233.3 0 0.057 2.613 23
DOC 3.148 3 0.6748 21.44 2.3 4.6 0.9565 23
Iron 0.9422 0.91 0.2876 30.53 0.36 1.6 0.2542 23
Lead 0.0007148 0.00064 0.0003431 48 0 0.0016 0.6179 23
Magnesium 0.5539 0.55 0.05383 9.718 0.46 0.67 0.6178 23
Manganese 0.04165 0.042 0.01096 26.31 0.023 0.059 0.1014 23
Mercurv 4.35E-06 0 2.09E-05 479.6 0 0.0001 4.477 23
Nickel 0.000703 0.00054 0.0007706 109.6 0 0.0038 3.018 23
Ortho-phosphorus 0.02248 0.017 0.01719 76.49 0 0.072 1.253 23
Potassium 1.239 1.3 0.4115 33.22 0.44 1.8 -0.834 23
Selenium 0.0001004 0 0.0002102 209.3 0 0.00066 1.807 23
Sodium 1.96 1.9 0.4988 25.45 0.98 3 0.4786 23
Sulfate 0.9948 0.92 0.4428 44.51 0 2 0.3459 23
TDS 20.26 22 12.2 60.23 0 46 -0.2282 23
TIC 0.9039 0.98 0.3874 42.86 0 1.6 -0.829 23
TOC 3.187 3 0.6247 19.6 2.5 4.6 1.009 23
TSS 7.674 7.4 2.913 37.96 4.1 15 0.9689 23
TVSS 0.5348 0 1.056 197.4 0 3 1.495 23
Zinc 0.009265 0.009 0.003228 34.84 0.0051 0.016 0.5286 23
Arsenic 0.0001543 0 0.0002672 173.1 0 0.001 1.684 23
TKN 0.3835 0.36 0.1962 51.16 0 0.8 0.03393 23
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Alkalinitv 15.38 15 2.334 15.17 12 21 1.242 21
BOD 5 day 0 0 0 NA 0 0 NA 21
Cadmium 1.33E-05 0 6.11E-05 458.3 0 0.00028 4.249 21
Calcium 2.4 2.4 0.3162 13.18 2 3.1 0.7388 21
Carbonaceous BOD 5 dav 0.02381 0 0.1091 458.3 0 0.5 4.249 21
Chloride 3.281 3.2 0.4191 12.77 2.6 4.4 0.7051 21
Chromium 0.0003176 0 0.0004761 149.9 0 0.0018 1.688 21
COD 3.6 0 6.143 170.6 0 23 1.785 21
Copper 0.001313 0.0011 0.0009024 68.71 0 0.0045 2.198 21
Dissolved Ammonia N phenate 0.09505 0.11 0.07357 77.4 0 0.26 0.1573 21
Dissolved Nitrate-Nitrite N 0.1995 0.2 0.03485 17.47 0.12 0.27 0.004489 21
Dissolved Nitrite N 0.003767 0 0.006213 164.9 0 0.023 1.747 21
DOC 2.719 2.6 0.4094 15.06 2.3 3.8 1.132 21
Iron 0.1404 0.11 0.0801 57.04 0.06 0.42 2.115 21
Lead 0.0001048 7.40E-05 9.48E-05 90.52 0 0.00033 0.9544 21
Magnesium 1.376 1.4 0.1338 9.723 1 1.6 -0.7087 21
Manganese 0.07 0.062 0.02954 42.2 0.022 0.13 0.6187 21
Mercurv 3.10E-06 0 1.42E-05 458.3 0 6.50E-05 4.249 21
Nickel 0.0002967 0 0.0007788 262.5 0 0.0036 3.875 21
Ortho-phosphorus 0.04881 0.042 0.02454 50.27 0.012 0.12 1.133 21
Potassium 2.776 2.8 0.7395 26.64 1.2 4.1 -0.6267 21
Selenium 8.95E-05 0 0.0002495 278.7 0 0.0011 3.413 21
Sodium 3.952 3.8 0.9147 23.14 2.1 5.7 0.2049 21
Sulfate 4.033 3.9 0.6011 14.9 3 5.3 0.5599 21
TDS 33.71 37 18.88 56 0 69 -0.3715 21
TIC 1.959 1.7 0.7443 37.99 0.84 3.9 1.453 21
TOC 2.705 2.6 0.3294 12.18 2.3 3.4 0.9121 21
TSS 1.976 1 2.588 131 0 11 2.258 21
TVSS 0 0 0 NA 0 0 NA 21
Zinc 0.005438 0.0048 0.004526 83.23 0 0.023 2.866 21
Arsenic 0.0001048 0 0.0002031 193.9 0 0.0006 1.575 21
TKN 0.3195 0.28 0.3216 100.7 0 1.4 1.853 21
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Alkalinity 69.09 70.5 23.68 34.27 28 120 0.1196 22
BOD 5 day 1.732 2.15 1.687 97.43 0 5.7 0.4889 22
Cadmium 1.76E-05 0 3.39E-05 192.4 0 9.70E-05 1.436 22
Calcium 7.568 7.55 0.8725 11.53 5.4 9.7 0.07805 22
Carbonaceous BOD 5 dav 0.4818 0 0.9791 203.2 0 3 1.671 22
Chloride 119.4 125 45.12 37.78 33 190 -0.3191 22
Chromium 0.002489 0.00225 0.001644 66.06 0 0.0069 1.041 22
COD 22.09 22 8.574 38.81 0 44 -0.04911 22
Copper 0.00307 0.00275 0.002778 90.49 0 0.014 2.821 22
Dissolved Ammonia N phenate 0.2699 0.275 0.1046 38.78 0.077 0.43 -0.08992 22
Dissolved Nitrate-Nitrite N 1.5 1.13 1.173 78.2 0.28 4.7 1.166 22
Dissolved Nitrite N 0.037 0.0265 0.02736 73.94 0 0.11 1.672 22
DOC 6.75 6.75 1.239 18.35 2.3 8.4 -1.984 22
Iron 1.379 1.4 0.6893 50 0.35 2.8 0.5523 22
Lead 0.001841 0.0013 0.001371 74.49 0.00036 0.0056 1.03 22
Maanesium 1.959 2 0.1593 8.133 1.6 2.2 -0.4585 22
Manganese 0.2158 0.175 0.1438 66.63 0.071 0.58 0.9683 22
Mercury 0 0 0 NA 0 0 NA 22
Nickel 0.003232 0.0034 0.001365 42.25 0 0.0055 -0.2446 22
Ortho-phosphorus 3.703 3.5 2.028 54.77 0.58 7.8 0.3493 22
Potassium 51.88 56.5 32.45 62.54 3.1 140 0.564 22
Selenium 0.0002459 0.00027 0.0002788 113.4 0 0.001 0.9737 22
Sodium 99.05 89 55.95 56.49 28 230 0.9058 22
Sulfate 90.91 63.5 61.55 67.7 28 240 1.063 22
TDS 429.1 435 1n7 40.48 130 800 0.2773 22
TIC 7.168 6.7 3.129 43.65 1.8 17 1.326 22
TOC 7.014 6.85 0.8317 11.86 5.5 8.9 0.5325 22
TSS 22.27 19 16.48 73.99 5.4 75 1.673 22
TVSS 3.495 2.9 4.053 116 0 14 1.283 22
Zinc 0.01636 0.015 0.006244 38.17 0.0078 0.029 0.7404 22
Arsenic 0.0005855 0.00069 0.0003463 59.15 0 0.0013 -0.4212 22
TKN 1.207 1.15 0.3132 25.94 0.7 1.9 0.4912 22
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Alkalinity 16.38 15 3.186 19.45 12 25 1.222 21
BOD 5 day 0 0 0 NA 0 0 NA 21
Cadmium 3.15E-05 0 0.0001289 409.5 0 0.00059 4.155 21
Calcium 2.438 2.5 0.2418 9.918 2 3 0.08398 21
Carbonaceous BOD 5 day 0 0 0 NA 0 0 NA 21
Chloride 5.452 5.4 1.076 19.73 3.4 8.3 0.483 21
Chromium 0.0004433 0.0004 0.0003556 80.2 0 0.0012 0.2484 21
COD 5.41 5.9 6.597 121.9 0 23 1.208 21
Copper 0.002145 0.0012 0.004594 214.2 0 0.022 4.112 21
Dissolved Ammonia N phenate 0.08076 0.09 0.06158 76.24 0 0.21 0.01365 21
Dissolved Nitrate-Nitrite N 0.2376 0.22 0.05338 22.46 0.15 0.36 0.7076 21
Dissolved Nitrite N 0.005633 0 0.0147 260.9 0 0.068 3.885 21
DOC 2.781 2.7 0.3487 12.54 2.2 3.4 0.3299 21
Iron 0.167 0.14 0.07385 44.23 0.074 0.39 1.337 21
Lead 0.000104 8.70E-05 8.81 E-05 84.71 0 0.00027 0.3402 21
Magnesium 1.329 1.3 0.09562 7.197 1.1 1.5 -0.5956 21
Manganese 0.06543 0.067 0.025 38.21 0.012 0.12 0.02014 21
Mercurv 1.19E-05 0 3.79E-05 318.3 0 0.00014 2.837 21
Nickel 0.0002533 0.0003 0.0003004 118.6 0 0.00094 0.9882 21
Ortho-phosphorus 0.1438 0.14 0.04386 30.5 0.082 0.24 0.7711 21
Potassium 3.743 3.9 1.161 31.02 1.7 5.8 -0.5159 21
Selenium 0.0001595 0 0.0002776 174 0 0.0011 2.033 21
Sodium 5.586 5 1.6 28.64 2.8 9.6 0.6948 21
Sulfate 5.462 5 1.352 24.75 3.4 8 0.4743 21
TOS 38.48 41 21.29 55.33 0 70 -0.5113 21
TIC 1.769 1.7 0.8789 49.68 0.31 4.1 1.45 21
TOC 2.857 2.8 0.4154 14.54 2.2 3.9 0.8565 21
TSS 3.395 1.5 6.529 192.3 0 30 3.509 21
TVSS 0 0 0 NA 0 0 NA 21
Zinc 0.004638 0.0041 0.002679 57.75 0 0.012 1.458 21
Arsenic 0.0001105 0 0.0001902 172.2 0 0.00062 1.376 21
TKN 0.5067 0.36 0.5691 112.3 0 2.6 2.567 21
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Alkalinity 23.43 24 3.613 15.42 16 33 0.2298 21
BOD 5 day 0.1667 0 0.5544 332.6 0 2.3 3.225 21
Cadmium 5.86E-06 0 1.85E-05 316.4 0 6.50E"05 2.776 21
Calcium 3.91 3.9 0.6098 15.6 2.9 5.1 0.05274 21
Carbonaceous BOD 5 dav 0.02905 0 0.1331 458.3 0 0.61 4.249 21
Chloride 8.776 8.1 2.772 31.59 5.2 17 1.329 21
Chromium 0.0005752 0.00048 0.0004407 76.61 0 0.0016 0.7501 21
COD 9 8.8 7.05 78.33 0 26 0.478 21
Copper 0.001145 0.0012 0.0006832 59.65 0 0.0032 0.9061 21
Dissolved Ammonia N phenate 0.1168 0.12 0.07436 63.66 0 0.24 -0.1507 21
Dissolved Nitrate-Nitrite N 0.2505 0.25 0.05064 20.22 0.14 0.34 -0.06401 21
Dissolved Nitrite N 0.007581 0.0034 0.01811 238.8 0 0.083 3.688 21
DOC 3.971 3.9 0.4291 10.81 3.2 5 0.3684 21
Iron 0.2824 0.22 0.1532 54.24 0.11 0.77 1.71 21
Lead 0.0001746 0.00014 0.0001444 82.71 0 0.00055 1.047 21
Magnesium 1.476 1.5 0.1841 12.47 1.2 2 0.7527 21
Manaanese 0.08324 0.079 0.02023 24.3 0.057 0.13 0.764 21
Mercurv 1.76E-05 0 4.53E-05 256.9 0 0.00015 2.221 21
Nickel 0.0005529 0.00043 0.0004252 76.9 0 0.0022 2.873 21
Ortho-phosphorus 0.1337 0.14 0.04801 35.9 0.023 0.23 -0.00141 21
Potassium 6.181 6 2.531 40.95 1.9 12 0.3141 21
Selenium 0.0001124 0 0.0001652 147 0 0.00042 0.7952 21
Sodium 9.305 7.6 3.488 37.49 3.5 16 0.5755 21
Sulfate 11.82 12 3.005 25.42 6.8 19 0.6737 21
TDS 67 65 23.59 35.2 0 110 -0.79 21
TIC 2.569 2.5 1.181 45.96 0.58 5.4 0.9643 21
TOC 4.086 4.1 0.6703 16.41 3.1 6 0.9061 21
TSS 4.948 4.2 2.949 59.6 2.6 16 2.678 21
TVSS 0.07143 0 0.3273 458.3 0 1.5 4.249 21
Zinc 0.005981 0.0052 0.003519 58.84 0.0021 0.019 2.56 21
Arsenic 0.0002471 0 0.0002839 114.9 0 0.00072 0.4494 21
TKN 0.5109 0.42 0.549 107.5 0 2.7 3.138 21
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Alkalinity 21.77 21.5 4.035 18.53 14 29 0.08485 22
BOD 5 day 0 0 0 NA 0 0 NA 22
Cadmium 9.09E-06 0 1.99E-05 218.9 0 6.00E-05 1.717 22
Calcium 4.01E+00 4.05 6.16E-01 15.38 2.8 5.20E+00 0.01633 22
Carbonaceous BOD 5 dav 0.09091 0 0.4264 469 0 2 4.364 22
Chloride 8.45 8.45 2.242 26.54 4.7 14 0.6638 22
Chromium 0.0005968 0.00055 0.0005447 91.27 0 0.0019 0.904 22
COD 9.923 8.85 10.81 108.9 0 40 1.128 22
Copper 0.001459 0.0014 0.0009627 65.98 0 0.0049 1.872 22
Dissolved Ammonia N phenate 0.09314 0.094 0.07333 78.73 0 0.21 0.09842 22
Dissolved Nitrate-Nitrite N 0.2818 0.275 0.06551 23.25 0.19 0.49 1.404 22
Dissolved Nitrite N 0.01002 0 0.02978 297.1 0 0.14 4.034 22
DOC 3.85 3.8 0.5271 13.69 3 5.2 0.7398 22
Iron 0.4223 0.39 0.1839 43.56 0.16 0.86 0.946 22
Lead 0.0002358 0.000215 0.0001193 50.59 0 0.00047 0.01761 22
Maanesium 1.441 1.4 0.1623 11.26 1.2 1.8 0.6111 22
Manaanese 0.07123 0.0655 0.01862 26.14 0.042 0.12 0.9668 22
Mercury 1.50E-05 0 3.41 E-05 227 0 0.00011 1.966 22
Nickel 8.68E-04 0.000505 9.58E-04 110.4 0 0.0046 2.947 22
Ortho-phosphorus 0.1577 0.13 0.1554 98.57 0.015 0.83 3.884 22
Potassium 5.814 5.65 2.059 35.42 1.8 10 -0.2498 22
Selenium 8.36E-05 0 0.0001643 196.4 0 0.00054 1.606 22
Sodium 8.62E+00 7.5 3.108 36.04 3.5 14 0.6821 22
Sulfate 11.58 11.5 2.656 22.93 6.2 17 0.08175 22
TOS 71.41 67.5 23.93 33.51 39 150 1.608 22
TIC 2.483 2.2 1.278 51.49 0.84 5.4 1.177 22
TOC 3.814 3.75 0.4454 11.68 2.9 4.9 0.1426 22
TSS 9.564 8.7 5.963 62.35 2.8 31 2.184 22
TVSS 0.5227 0 1.5 286.9 0 6.3 3.009 22
Zinc 0.006359 0.00575 0.003563 56.03 0.003 0.021 3.297 22
Arsenic 0.0001882 0 0.0002257 119.9 0 0.00072 0.6427 22
TKN 0.3498 0.37 0.1751 50.07 0 0.65 -0.09652 22
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Alkalinity 21.72 21 3.511 16.17 16 28 0.06999 18
BOD 5 dav 0 0 0 NA 0 0 NA 18
Cadmium 1.01E-05 0 2.34E-05 231.3 0 6.70E-05 1.831 18
Calcium 4.5 4.5 0.7754 17.23 3.2 6.5 0.7674 18
Carbonaceous BOD 5 dav 0.3 0 1.273 424.3 0 5.4 3.881 18
Chloride 9.567 9.3 1.69 17.67 7.4 13 0.4855 18
Chromium 0.0008411 0.000735 0.0005441 64.69 0 0.0023 1.322 18
COD 11.62 8.85 11.7 100.6 0 45 1.502 18
Copper 0.001619 0.00175 0.0006181 38.18 0.00015 0.0027 -0.6608 18
Dissolved Ammonia N phenate 0.1149 0.13 0.07651 66.59 0 0.23 -0.2981 18
Dissolved Nitrate-Nitrite N 0.3044 0.3 0.04422 14.53 0.22 0.39 0.1646 18
Dissolved Nitrite N 0.002472 0 0.00524 212 0 0.02 2.397 18
DOC 3.811 3.8 0.5707 14.98 2.8 5.5 1.191 18
Iron 0.5967 0.57 0.2031 34.04 0.32 1 0.6129 18
Lead 0.0003456 0.000385 0.000179 51.8 0 0.0006 -0.5536 18
Magnesium 1.456 1.4 0.1338 9.194 1.2 1.7 0.2569 18
ManQanese 0.08222 0.08 0.01831 22.27 0.058 0.13 0.904 18
Mercury 2.14E-05 0 4.23E-05 197.3 0 0.00012 1.505 18
Nickel 0.0006844 0.00066 0.0002263 33.06 0.00032 0.0012 0.5628 18
Ortho-phosphorus 0.1311 0.14 0.03001 22.9 0.078 0.19 -0.008737 18
Potassium 5.961 5.85 2.183 36.62 1.9 9.3 -0.4566 18
Selenium 7.78E-05 0 0.0002105 270.7 0 0.00084 2.934 18
Sodium 9.25 8.55 2.707 29.26 6.4 16 1.175 18
Sulfate 11.82 12 2.247 19.01 8.2 16 0.2223 18
TOS 66.28 69.5 38.41 57.95 0 180 0.9334 18
TIC 2.772 2.45 1.242 44.81 1 5.7 0.8459 18
TOC 3.767 3.75 0.5499 14.6 2.7 5.2 0.6592 18
TSS 13.56 12.5 5.883 43.38 5.5 27 0.7757 18
TVSS 0.85 0 1.264 148.7 0 3.4 0.852 18
Zinc 0.006811 0.00655 0.001796 26.37 0.0034 0.01 0.1912 18
Arsenic 0.000265 0.00032 0.0002694 101.7 0 0.0008 0.3675 18
TKN 0.4706 0.37 0.3491 74.19 0 1.6 1.967 18
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Alkalinity 23.75 24 2.817 11.86 19 28 -0.2542 16
BOD 5 day 0.175 0 0.7 400 0 2.8 3.615 16
Cadmium 2.31E-05 0 5.40E-05 234.2 0 0.00019 2.232 16
Calcium 5.35 5.4 0.5329 9.961 4.5 6.2 -0.02593 16
Carbonaceous BOD 5 dav 0 0 0 NA 0 0 NA 16
Chloride 10.09 10 1.714 16.98 6.9 13 -0.3973 16
Chromium 0.0009838 0.00085 0.0007565 76.9 0 0.0028 0.6186 16
COD 11.38 9.9 7.492 65.87 0 32 1.387 16
Copper 0.001863 0.0018 0.0007455 40.03 0.0005 0.0041 1.403 16
Dissolved Ammonia N phenate 0.08438 0.0825 0.07325 86.82 0 0.23 0.3495 16
Dissolved Nitrate-Nitrite N 0.3456 0.345 0.0686 19.85 0.26 0.53 1.109 16
Dissolved Nitrite N 0.004706 0.0036 0.008306 176.5 0 0.034 2.939 16
DOC 3.944 3.7 0.7615 19.31 3 5.8 1.303 16
Iron 0.8181 0.85 0.2382 29.12 0.47 1.2 -0.1458 16
Lead 0.0004544 0.0005 0.000183 40.27 0 0.0007 -0.7923 16
Magnesium 1.512 1.5 0.1455 9.619 1.3 1.8 0.7169 16
ManQanese 0.08581 0.086 0.0112 13.05 0.066 0.1 -0.3371 16
Mercury 3.75E-06 0 1.50E-05 400 0 6.00E-05 3.615 16
Nickel 0.0008437 0.0007 0.0005034 59.66 0.00041 0.0024 2.021 16
Ortho-phosphorus 0.1217 0.115 0.03139 25.8 0.066 0.17 -0.00786 16
Potassium 6.138 6.2 1.945 31.69 2 8.8 -0.6721 16
Selenium 0.0001312 0 0.000207 157.7 0 0.00058 1.012 16
Sodium 9.706 9.05 2.918 30.06 5.9 16 1.002 16
Sulfate 13.26 13 2.271 17.12 9 17 -0.3885 16
TOS 84.25 85 39.59 46.99 0 190 0.6816 16
TIC 3.038 2.75 1.156 38.05 1.4 6 1.332 16
TOC 3.887 3.8 0.7509 19.32 3 5.6 1.413 16
TSS 19.02 18.5 7.741 40.7 6.5 32 0.1202 16
TVSS 1.738 2.3 1.45 83.48 0 3.8 -0.2554 16
Zinc 0.00645 0.00625 0.001224 18.98 0.0046 0.0091 0.6483 16
Arsenic 0.0002619 0.00031 0.0002661 101.6 0 0.00079 0.3836 16
TKN 0.4025 0.345 0.2403 59.71 0 0.84 0.3291 16
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Table C-l. Monthly Averaze Temperature (C)
Month RM215 RM202 RM198 RM190 RM185 RM179 RM148 RM119 RM61 SC

~
Jan-06 11.02 11.09 11.18 11.40 11.44 11.50 9.41 8
Feb-06 10.50 10.56 10.67 10.94 10.95 11.14 8.82 11.06 5
Mar-06 11.89 13.14 12.95 13.29 13.6" 13.67 14.4C 14.85 14.85
Aar-06 13.41 17.30 16.73 17.56 17.91 18.84 20.73 20.46 20.94
Mav-06 14.70 18.60 18.64 18.68 18.69 21.14 23.14 23.00 23.01
Jun-06 16.20 21.35 20.79 22.01 22.50 24.10 23.81 26.90 26.09 25.95
Jul-06 17.53 22.28 21.96 23.25 23.66 23.98 25.21 28.03 27.77 27.71

Aua-06 19.96 23.41 23.13 24.15 24.50 24.76 25.62 26.37 28.92 28.00 27.98
Sep-06 21.66 23.83 23.57 24.22 24.38 24.48 24.71 25.11 25.58 26.32 24.82 24.16
Oct-06 21.09 20.37 20.50 21.01 20.75 20.99 20.76 ''''I "'" 20.01 18.24 17.99
Nav-06 17.01 16.05 16.25 16.37 16.28 16.08 15.83 15.64 12.69 13.92 13.23
Dec-06 13.62 13.00 13.02 13.23 13.24 13.19 13.06 13.11 11.69 11.27
Jan-07 12.17 11.53 11.76 12.15 12.09 12.11 12.14 1 8.63 11.50 11.22
Feb-07 9.78 9.75 9.89 10.30 10.33 10.35 10.41 1 . 7.79 10.02 10.19
Mar-07 11.09 13.45 12.49 12.2~ 12.8~ 13.87 14.40 13.43 15.02 15.92 16.94
Aar-07 13.08 16.05 16.67 19.7~ 16.68 16.80 17.35 17.87 19.54 18.33 18.59 18.68
Mav-07 14.34 18.77 18.09 19.10 19.46 19.78 20.86 21.49 22.41 23.00 "'lljJun-07 16.04

"~.
21.77 22.21 22.57 23.58 24.62 26.19 26.38 26.05 7

Jul-07 17.46 22.22 23.48 23.84 24.82 25.70 27.12 26.92 26.87
Aug-07 19.09 23.87 25.28 25.69 25.99 27.04 27.84 29.04 28.56 28.58
Sea-07 20.20 23.27 23.78 24.04 24.18 24.75 25.21 26.10 27.2C 25.29
Oct-07 20.91 21.91 22.23 22.22 21.9~ 22.40 22.57 23.07 22.36 21.25
Nov-07 17.96 16.52 17.12 17.01 16.93 16.47 16.20 16.08 14.52 14.14 13.17
Dec-07 14.23 13.90 13.61 15.2e 13.92 14.9C 13.65 13.57 13.60 11.33 12.19 11.49
Jan-08 10.80 9.231 9.10 10.59 10.54 10.34 10.53 10.27 7.04 9.47 9.23

*highlight indicates less than 75% one full month of data

Table C-2. Monthly Averaze Dissolved Oxygen (mz/L)
Month RM215 RM202 RM198 RM190 RM185 RM179 RM148 RM119 RM61 SC HC BC

Jan-06 11.32 11.90 I 12.04 11.86 9.70 10.25 10.4! 7.5!
Feb-06 10.37 12.48 12.22 11.66 10.25 10.71 10.49
Mar-06 10.56 11.24 10.55 8.3! 10. 9.40 8.3( 9.36 8.28
Aar-06 10.01 10.27 9.15 10.31 9.92 7.68 5.55 7.99 6.79
May-06 8.28 9.97 8.98 I 9 7.24 4.49 6.08 6.16
Jun-06 7.23 9.07 9.32 8.77 8.42 7.25 6.62 4.81
Jul-06 6.5€ 9.15 9.15 8.89 9.25 8.97 7~ 7ro ~~

Aug-06 4.95 8.69

~
7.71 8.76 8.69 647

Sep-06 5.30 8.89 7.81 8.49 643 661
Oct-06 6.39 9.19 8.27 9.23 7.67
Nov-06 9.19 10.16 9.78 10.43 9.36
Dec-06 10.29 10.88 10.35 10.56 10.98 956 802 1026 776
Jan-07 10.95 11.45 10.99 10.63 11.41 10.94 10.25 1038 8.27
Feb-07 12.15 12.61 12.12 12.06 12.44 11.97 11.46 10.88 11.21 992
Mar-07 11.45 11.29 10.42 11.61 11.11 10.91 10.05 8 8.44 9.42 788
Aar-07 10.06 10.20 10.19 9.0: 10.24 9.74 868 814 3 6.41 858 7.27
Mav-07 8.54 9.91 9.69 9.18 9.72 9.39 8 13 769 8 4.13 791 6.56
Jun-07 7.65 9.50 9.95 8.84 10.40 8.97 7.60 730 689 410 7.34 4.89
Jul-07 6.98 8.94 9.08 8.03 7.11 7.23 7.61 3.70 7.19 5.75

Aup-07 5.70 8.62 8.56 782 6.62 6.43 7.37 3.27 6.6~ 5.64
Sep-07 5.15 8.78 9.24 8.05 6.93 6.63 7.67 3. 7.71
Oct-07 5.96 8.72 7.96 7.80 9.22 8.28 6.70 7.46 7.14 5.69 8.20
Nov-07 10.02 8.45 9.31 10.20 9.34 9.33 8.95 9.03 7.45 10.09 8.41
Dec-07 10.16 10.65 9.55 10.26 10.73 10.08 9.57 9.32 9.7B~ 8.09
Jan-08 11.25 .9C lC 11.58 11.80 10.85 10.47 9.36

C-2
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Table C-3. Monthly Average Dissolved Oxygen Saturation (%)
Month RM215 RM20~ RM1981 RM190 RM185 RM179 RM148 RM119 RM61 SC HC BC

Jan-06 102.75 108.1 110.1 108.7 88.9 89. 95.6 6~

Feb-06 92.53 112.0 .7 105.6 93.2 92.1 95.1 84.7
Mar-06 97.79 106.9 78.5 93.2 90.5 80 92.4 82.0
ADr-06 95.82 106.9 94.1 107.9 106.4 82.3 61.5 88.5 76.1
MaY-06 81.52 106.6 96.1 106. 106. 81.5 50.9 70.9 71.7
Jun-06 73.54 102.5 104.1 100.3 105.9 100.2 85.8 81.7 59.5
Jul-06 68.53 105.3 104.6 104.1 109.2 106.5 88.6 89.4 68.3

Aug-06 54.40 102.2 94.2 91.8 105.0 104.4 86.2 80.2 37.3
Sep-06 60.23 105.3 86. 93.1 101.5 93 78.0 80.6 52.4
Ocl-06 71.67 101.8 92.6 102.9 'irii 90 75.5
Nov-06 94.96 103.0 99.7 106.1 94.6 79. 7.1 91.9 69.9
Dec-06 98.94 103.2 97.4 100.6 104.7 91.0 89.5 76. 94.3 70.3
Jan-07 101.92 104.9 101.3 98.9 106.0 101.6 95.2 86. 7.2 94.9 74.8
Feb-07 107.03 111.0 107.0 107.6 111.0 106.8 102.5 94.9 91.5 91.2 99.2 88.2
Mar-07 103.93 108.2 ':Jf 108.4 105.0 105.6 98.4 74.8 83.2 95.0 81.4
ADr-07 95.58 103.4 104.' 99. 105.1 100.1 90.2 85.6 8' 67.8 91.5 77.6
Mav-07 83.42 106.3 102.5 99.1 105.7 102.8 90.9 87.0 82. 48.1 92.1 77.2
Jun-07

~.
119.4 103.7 89.5 87.7 85.4 50.9 90.6

Jul-07 106.8 95.1 85.7 88.1 95.7 46. 90.1
Aug-07 61.62 102.3 104.9 96.3 83.1 81.8 95.9 42.0 85.8
SeD-07 56.96 102.9 109.8 95.9 83.4 80.5 94.7 4C 93.7
Ocl-07 66.85 99.5 105.9 94.6 77.1 86.2 83.4 65.4 92.3
Nov-07 102.5 96.41 105.5 96.4 95.3 90.9 91.6 73.2 98.0 80.3
Dec-07 98.73 91.2 102.31 103.9 99.8 92.1 89.7 93.4 59.4 99.9 74.-
Jan-08 101.55 103.91 105.7 96.6 93.1 84.2 81.0

Table C-4. Monthly Averaze Specific Conductance (uS/em)
Month RM215 RM202 RM198 RM190 RM185 RM179 RM148 RM119 RM61

~
Jan-06 41.9 48.7 46.6 51.5 66.8 85.5
Feb-06 41.9 48.8 47.1 51.2 65.3 88.7 29.7
Mar-06 43.8 49.3 48.4 65.8 67.1 86.5 29.4 653.9
Apr-06 45.3 51.2 51.1 58.9 76.4 107.1 30.3 869.8 119.1
Mav-06 45.2 5' .4 50.2 62. 81.8 110.5 35.7 1123.2 128.8
Jun-06 43.9 47.2 48.5 56.3 77.4 117.5 101.9 27.2 943.1 110.3
Jul-06 43.8 46.2 48.3 54.6 70.9 103.3 96.3 27.1 1075.0 84.0

Auq-06 44.1 46.9 47.1 52.1 66.9 96.2 94.5 101.9 27.7 966.4 91.2
SeD-06 44.9 47.3 48.1 54.4 70.8 110.1 97.3 115.4 115.4 27.3 705.8 104.3
Oel-06 44.3 43.8 44.7 50.4 65.5 100.9 90.3 111.0 105.5 24.5 1070.4 99.6
Nov-06 42.4 46.0 47.3 51.3 66.4 112.5 91.2 109~ 97.4 26.4 827.4 128.0
Dec-06 42.3 46.8 47.3 52.3 70.4 112.8 98.2 147.8 .0 26.5 779.7
Jan-07 42.1 49.8 47.5 53.2 68.8 99.0 96.7 105. 27.6 487.1 70.6
Feb-07 42.5 51.0 47.1 51.7 66.1 89.5 86.6 90 82.9 27.5 537.9 76.5
Mar-07 43.8 48.6 49.3 55.4 62.0 92.6 86.9 77.6 26.7 598.6 78.6
ADr-07 46.2 5' 50. 58. 75.7 116.4 110.3 116.5 110.0 27.2 759.7 116.5
May-07 47.2 51.0 49.2 55.6 73.9 108.4 106.1 114.7 12.2

"~Jun-07 47.6 50.1 47.6 57.0 79.0 106.4 97.9 109.6 113.0 27.5 108.1
Jul-07 47.8 49.7 4/.6 5i 78.3 112.4 108.6 116.1 115.9 26.9

Aug-07 48.1 49.6 57.9 78.1 115.2 111.3 121.9 110.7 32.4 .
Sep-07 48.5 49.8 46.5 58.7 80.6 118.7 114.2 124.3 103.3 33.1 12482 88.8
Oel-07 49.6 49.8 46.7 58.6 74. 116.4 102.5 123.0 100.2 30.5 69.2
Nov-07

48.~ 45.9 57.9 73.7 125.0 120.9 125.8 106.7 30.4 1261.3 66.8
Dec-07 49.0 46.5 56.8 77.9 115.8 113.2 122.6 122.3 30.2 789. 94.5
Jan-08 48.4 61.1 80.8 110.8 107.0 31.2 639.9 105.3

C-3
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Month RM215
Jan-06 7.21
Feb-06 7.18
Mar-06 7.05
A r-06 6.89
May-06 6.68
Jun-06 6.49
Jul-06 6.38

Aug-06 6.29
Se -06 6.31
Oct-06 6.51
Nov-06 6.83
Dec-06 7.26
Jan-07 7.77
Feb-07 7.96
Mar-07 7.59
A r-07 7.16
Ma -07 6.91
Jun-07 6.61
JUI-07 6.37

Au -07 6.20
Se -07 6.15
Oct-07 6.30
Nov-07 6.71
Dec-07
Jan-08 7.38 8.31

RM179 RM148 RM119
6.94
6.95
6.85
6.86
6.87
6.79
6.63

RM61 SC

Month RM215

Jun-06 22.8

Jan-06 5.5

2.2

2.1

2.5
2.0

0.0

0.0

3.5

9.2
8.5

0.0

15.1

86.8

74.9
172.0

Jul-07
Jun-07

Oct-07

A r-07

Jan-07

Jul-06

Oct-06

Jan-08

Feb-07
Mar-07

Se -07

A r-06 3.4

Nov-06

Se -06

Mar-06 6.8

Nov-07

Feb-06 5.0

Au -07

Dec-07

Dec-06

Aug-06

Ma -07

May-06 0.8

C-4
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BEn·!rn~ TIE CORPS (f EUjIifER), UNITtD ST;\/P:; te«.

p.jfiJ TIE umn STAlES NUCLfAH RHiILP.TORY cal·lISSla~

FOR REGULATIG.'l a= NUCLEA.q R11ER PLNHS

JULY 2, 1975
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SNC802

MEMORl\NDUM' OF tJNUtRS'fllNOING
B'BTWEEN 'l'HE CORPS OF ENCINEERS. UNln:O STAl'l~S I\Hm'.
AND THE UlUTED STATES NUCLEAR REGUJ.ATORY COMNlSSrON

FOR RECULATION OF NUCLEAR POWER l'l.ANTS

1. P~rpose

a. For the purpose of coordinating and implementing consistent and

comprehensive requirements to assure effective. efficient and thorouch

regulation of nuclear power plant6 and to avoid conflicting and unnaces-

sary duplication of effort and of standards related to ov~rnll public

health and 6afety and environmental protectiml, the Corps of Engineers.

United States Army (US Army CE) and the United States Nuclear Regulatory

COtllIDbsioIl (U.S.N.R,C.) have entered into this Me11lol:'andulll of Understanding--

subject to their respe.:tive statutory authorities. Th~ agreement pertains

to nuclear power elect~ic generating stations using nuclear sceam cupply

systems, including theIr appurtenant structures. located in or affecting

navigable waters. In the case of a floatIng nuclear power plant, such

structures include the electrical transmission lines from the plant to a

landbased substation. the protective breakwater and moo~ing systems. and

all appurtenant supporting facilities.

b. Nothing in this Memoranuum of Understanding is to be interpreted

as contravening the terme of the (!x1st1ng MemorAndum of Understanding

between the Atomic Energy Commission and the Department of Defense dated

14/16 Feb 1967, pursuant to Section 9lb of the Atomic Energy Act of 1954.

as amended.

VESP_00001631
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2. Statutory Background

a. ~0"[,P8 of Engineers. United States Army (\IS Army CE) e,

Fursuant to Section 10 of the Rivers and Harbors Act of 1899 (33

U.S.C. 403), the Secretary of the Army, acting through the US Army CE

eX~T.ciSe5 regulatory authority over the construction of any structures

in navigable waters of the United States, the dredging and/ol: filling

of any navigable waters of the United States. and any othe~ nctivity

which would alter or modify the course. condition, lo~ation or capacity

of a navigable water of the Unlt"d States. This responFlibility encom

passes onshore as well as offshore activities wben sl1ch activities

affect the course. condition O~ capacity of a navigRble water of the

United States. NaVigable waters of the United States have peen admini

stratively defined by the US Army CE (33 C.P.R. 209.260) to generally

include those waters. including the territorial seas, ~Iich are s~bject

to the ebb and flow of the tide or which have been used, are used, or

are susceptible of use as an instrument to transport interstate commerce.

The Outer Continental Shelf Lands Act [43 U.S.C. 1333(f)} extenclR the

autliority of the Secretary of the Army, acting through the US Army CE ,

to the prevention of obstruction to navigation in the navigable waters

of the United States due to the construction of artificial islands and

fixed structures on the outer continental shelf beyond the territorial

8ea.

...
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Pursuant to Section 404 of the Federal Watur Pnllut1(111 Control Ace

Amendments of 1972 (33 U.S.C. 1344), the Secretary of the Army, acting

through the US Army CEo exercises regulatory authority over the discharge

of dredged or fill material in navigable waters at specified disposal

sites. The selection of disposal sites will be in accordance with guid~

lines developed.by the Administrator of the United States Environmental

Protection Agency in conjunction with the Secretary of the Army.

Furthermore, tbe Admin1atrator can prohibit or restrict the use of any

defined area as a disposal 8ite whenever he deteL~es. after notice and

opportunity for pUblic bearings, that the discharge of such materials

into such areas ~ll have an unacceptable adverse effect on municipal

water supplies. shellfish beds and fishing areas, wi.ldlife or recreation

areas.

Under the Marine Protection. Research, and Sanctuaries Act of 1972

(33 U.S.C. 1401 et. seq.), the Secretary of the Army, acting through the

US Army CE, is authorized to issue permits for the transportation of

dredged material from the United States for the purpose of dumping into

ocean waters. HowevcT. as "dumpin-:" is defi.ned by Section 3(f) of that

Act, it does not include the const. uctLou of any f Ixed at rue ture or

artificial island nor the intentional placcJlICnt of any device ill ocean

waters or on/or in the submerged land beneath such waters, for a purpose

other than disposal when such construction or such placement is otherwise

regulated by Federal law.

VESP_00001633



- 4 -

Where significant impacts on the quality of tbe .hUlIVJn envirOOlDent are

expected to result from activltlee covered by an application for a permit

under the above statutory provisions. tbe US Ar~ CE JQUst propare an

environmental tmpact statement pursuant to the National Environmental

Policy Act of 1969 (HEPA). 42 u.s.e. 4321 et. seq •• before the Secretary

of the Ar.JIfY. acting through the U.S. Army CE. JII:ly issue the permit.

b. The United States Nuclear Re~llatE!Y. ComllrlsR}..9.u'b§:..N.R&.:J.!..

The Energy Reorganization Act of 1974 [Pub. Law 93-438 (88 Stat 1233»)

~bolishe<l the Atomic Energy Commission. and Section 201 of tbat Act

created the Nuclear Regulatory Commission and transferred to the U.S.N.R.e.

all the licensing and related regulatory functions of the Atomic Energy

Commission. Pursuant to the Energy Reorganization Act of 1974; Chapters 6.

7, 8, 10, and 16 of the Atomic Energy Act of 1974. as amended. 42 U.S.C.

2011 et. seq.; and the rules and regulations issued pursuant thereto,

the U.S.N.R.C. is authorized to license and regulate the construction

and operation of~ among other thinGG. nuclear power ·plants, from the

standpoint of the common defense and security and public health and

safety. In addition. pursuant to the Rational Environluental Policy Act

of 1969 (NEPA). 42 U.S.C. 4321 ott seq•• the V.S.N.R.C. 18 required to

prepare an environmental impact statement on, and consider in its

licensing actions, the effects on the quality of the human environment

Caused by the construction and operation of such plants.

•
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3. Agency Responsibilities

8. General Arrangements

The U.S.N.R.C. wJ.ll serve as "Lead Agency," exercising the primary

responsibility in conducting env1ronrl\cntal reviews And in prepar:l.nr,

environmental statcments for nuclear power plants covered by tllis

Memorandum of Understa-Doing. Except liB otheTWise indica-ted, all

'written communications of US Army CE to and from a license applicant.

or licensee relatina to environmental analyses and reports will be

transmitted through the U.S.N.R.C. Director of Nuclear Reactor Regulation

or his designee. In particular. any actions ~cqui~ing par.tial or complete

shutdown of the nuclear power plant or changes from the design and

operating limitations and conditions approved within the terms of this

He1Dorandum of Understanding will be transmitted through the U.S.N.R.C.

Director of Nuclear Reactor Regulation or his designee.

Except with respect to any actions requiring partial or complete shutdown

of a nuclear power plant or changes from the design aud operating condi

tioDs approved by either agency. e 'ch agency Will separately enforce its

pertinent regulations or orders an-1 the cond!t1on~ of the permits and

l1eenses which it issues. Enforce!,>.ent. as used in this Memorandum of

Understanding. means the discovery of a violation or law or the conditions

of a permit or license, tlle issuance of a notice of violation, and sub

sequent actions for the imposition of sanctions.

VESP_00001635
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To the extent practica~le, each ageney will consult fully with the other

with respect to enforcement actions concerning mattera which affect the

rOHponsibi11t1es of the ot.her .seney as deseribed in this Memorandum of

Understanding. Copies of correspondence and other documents relating to

such enforcement action will be funlished to the other agency on , tl~ly

basis.

The U.S.N.R.C. and the US Army CE will exercise the functions descr!bed

in this agreement 80 as to avoid duplication of regulation to the maximum

extent consistent with their respective statutory obligations, public

health and safety, and environmental protect1.on.

The US Army CEo acting through the appropriate District Enginecrt with the

a8s~8tance of US A~~ Corps of Engineers research and development centers,

when such assistance is appropriate. will participate with the U.S~N.R.C.

in the preparation of the environmental impact statements to include the

drafting of material for the sections which consider and evaluate the

following topics, as applieable. and the analysis leading thereto.

1) coastal erosion and other shoreline modifications, shoaling.

and 8couring

2) siltation and sedimentation processes

3) dredging activities and disposal of dredged materials

4) loeation of structures in or affecting navicabie waters

The applicant will coroply with US Army CE regulations in developing infor

mation needed for US Army CE review. As do U.S.N.R.C. regulations. these
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regulations require the applic.ant to submit. at"hb expenae , information

required in support of his appliclltion. Once such infm.-mation is rcce!v<.\d.

the following procedure will apply to independent snalyRis of information

received 1n any of these four areas. (An ind~p~ndent 811:\lY8i8 is one

requ:f.ring effort in addition to the analysis done by the U.S.N.R.C. and

the US Army CE staff.)

1) U.S.N.R.C. will provide funding for such an independent

analysis if U.S.N.R.C. agrees the independent analysi.c i~

needed and would norllia:'.ly be requiTed by U.S.N.R.C. if

US Army CE vere not involved.

2) US Army CE w1ll require that the app1ieantpay contract or

other costs of such analysis, as required in US Arn~ CE

~eaulation8, 1f US Army CE determines that the independent

analysis is needed, but U.S.N.R.C. does not agree tbat it is

needed or does not agree that such analysis would be required

under the regulatory procedures of U.S.N.R.C. In these eases.

the contracting and collection of associated costs from the

applicant will be the responsibility of the US Army CEo The

U.S.N.R.C. will be furnished copies of the results of the

study.

In addition. the us Army CE will 1:'eview and c:01llllleDt on the c1-raft environ

mental statement in other areas within its regulatory jurisdiction and

areas in which the US Army CE has special expertise, a8 required by NEPA.
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SNC802

- 8 -

b. Inapections

Within the scope of tbis Memorandum of Understanding, the U.S.N.R.C. and

the US AurJ CE will exeretee re8ponsibilities for tha same activUies with

respect to inspeetions as they exercise with respect to environmental rev:lews

a8 discussed in 3.a. above.

c. Public Hearings

The U.S.N.R.C. will conduct a ..~datory adju.dlc4ton· public beadng with

the opportunity for public participation before an Atomic S3fety and

Licensing Board covering a11 environmental and rauiological health and

.afety matters relating to the proposed issuance of a U.S.N.R.C. permit

for construction of a nucl..r power plant. When U.S.N.R.C. propoaes to

issue a limited work authorization for a nuclear power plant prior to

ls8Qanee of a construction permit, a public he.arine on site suitabiHty

and environmental issues will be held pursuant to the applicable

U.S.N.R.C. regulations. An adjUdicatory bearing will be also conducted

prior to jssu4nce of a U.S.N.R.C. license for operation of the nuclear

power plant upon request of any person whose interest may be affected or

if the U.S.N.R.C., on its own initiative, decides thac such a hearing

should be beld.

The US Ar~ CE. in connection with its statutory and regulatory require

ments, will conduct publlc hearings when required (normally, when the

US Army CE permit involves disposal of dredged or fill material).
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• On request. each agency will participate in any -public hearings held

by the other agency. Particularly. in the case of the U.S.N.R.C.

hearings. the US Army CE will provide expert testimony. as required, in

those areas (sections) covered in the U. S.N.R.C. Environmlmtal StatcJDents

in whose preparation the US Army CE participated and tlLose nreaR of

special US Ar!ny CE experdse.

4. U.S.N.R.C. Permits and l.icenses and US Ar!JtY CE Depllrtulcnt of the AT.I'!.}'.

Permits

A U.S.N.R.C. permit to construct a nuclear power plant muRt be obtained

*1prior' to any commencement of any construction at the proposed slte.- For

certain nuclear power reactors, such as the floating nuclear power plants,

such a construction permit will not be issued before the U.S.N.R.C. has

issued a license to manufacture these reactoTS. The U.S.N.R.C. will prep~rc

an environmental statement before such a construction peL~it i5 issued,

discussing the environmental effects of construction and operation of the

nuclear power plant at the proposed sitc; and the U.S.N.R.C. will also

evaluate compliance with U.S.N.R.C. criteria for safe design, construction

and opeTstion of t.he nuclear plant including, if applicable, a plant

manufactured pursuant to a manufac ..uring l:i.cense•• US Army CE will partic

ipate in the preparation of this e~v1ro~ntal statement as described in

Section 3, above. This construction permit will be issued on the basis

of, among other things. the design and other infor~~tion presented DY the

applicant in accordance with requirements of Title 10, Code of Federal

Regulations, Chapter 1.

* Some activities may be conducted under a limited work author1zat:f.on.
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It is anUcipated that the single US ArDl'J en Depanll1cut of the Army

pemit. which authorizes all cODatruct1on activities to be perforlAed at

the plant site, and the U.S.N.R.C. construction permit (or limited work

authorizntion. as applicable) will be issued approximately concurrently

for POVCl" reac.tors fOT which both lJf;cl\(:iet. are authori?ed to iS511e

pOt'1llits. Each agency will pl'o18ptly notify the uthel: in writing of its

issuance of a permit. If the U.S.N.R.C. isuues a limited work autho

rization or grants a construction exemption in a situotion where a US

Army CE pormit is also required~ tlH:: U.S.N.R.C. will pr01llPtly notify the

US Ar.y CE in writing of the issuance of such an authOTization or

exemption. When the U.S,N.R.C. decide8 that it will grant a limited

work authorization prior to issuanr.e of a construction permit, the

U.S.N.R.C. will advise tbe US ArMY CE of this decision. Both agencies

will then coordinate their IlcbedulQs of review and issuances of l1cens...s

and pend.ta.

Prior to these issuances, each agency will send to the other :l lette-r

comroclitin~ on the proposed 1s~uancQ from the point of vicw of the

rev!<:ws assigned to the sending agency i.n Section 3 above and stating

its intention to approve or disapprove issuance of its own permit.

Each agency will caution the applicant that issuance of its permit does

not alleviate the need for pennits and licenses of other agencies.

SNC802 VESP_00001640
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Following the above agency actions, and after ~ny requisite public

hearings have been held. a facility operating license may be issued by

the U.S.N.R.C. pursuant to 42 U.R.C. 2133, 2134, 2232, and 2235.

5. Procedures

a. Correspondence

The fol1owing documents, relating to US A~my CE respmlsibilities as

described in Section 3 of this Memorandum, will be promptly transmitted

to the proper recipients by the U.S.N.R.C. Director of Nuclear Reactor

Regulation or his designee: official U.S.N.R.C. notices to license

applicant:8 or licensees affected by the provisions of this Memorandum,

issuances of licenses pursuant to applicable statutes and regulations.

and .in accordance with the provisions of this memorandum, correspondence

'to license applicants or licensees pertaining to licensing and .certifi

cation reviews, and correspo;'deDce relating to inspection actions. 'l1:Je

U.S.N.R.C. will. promptly fDrward to the US Army CE copies of correspon

dence with the applicant and other documents which affect the responsi

bilities of the US ArmY CE under the provision of this Mem9randum.

b. Public Information

All correspondence to or from either agency dealing with matters which

are the subject of this Memorandum of Understanding will be subject to

the Freedom of Information Act. In addition, all correspondence flowing

through the U.S.N.R.C. will be subjeet to § 2.790 of 10 CFR Part 2.

which provides for routine disclosure of certain dpcuments in public

SNC802
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doculllent t'Ootll8. Bachageney will c:.onsult with the other aaene)' before

issuing any press releases on matters ass1sacd to the other agency

Within this MellOrandum of Understanding.

c. Coordinat;,ion of Reviews

In routine matters relating to review of license applications. the

appropriate U.S. Army Corps of Sngineara Dietrict Engineer will be th~

contact point with the US Ar~ CE; and the dcslanated Fnvironmental

Project Manager, Division of Reactor Lic8noinS. will be the contact

poj.nt within the U.S.N.R.C. Any questions which cannot be resolved at

this level will be referred to intermediate levels of management: within

the US Army CE and the U.S.N.R.C. If _ny questions cannot be resolved at

these levels, they will be considered in direet communications between

the Executive Director for Operations, U.S.H.R.C., and the Chief of

Engineers. United States At~.

d. f~r:2.!!!!y-on of Inspections

In matters of field inspections. the cosn1:ant Directors of U.S.N.R.C.

Regional InspeccioD and Enforcement OfficeS and the cognizant District

Engineer will be the contact points for routine matters. Any questions

which cannot be resolved at this level will be referred to interulediate

levels of management within US Army CE and U.S.N.R.C. Any questions

that cannot be resolved at chese levels will be referred to the Chief of

Engineara, United States Army. and the Executive Director for Operations.

U.S.N.R.C.

)
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e. Schedules of Reviews and Inspec~~~

In order to coordinate inspection and review activities aM to efficientl.y

i.plement regulatory requirements, each agency will advise the other of

1t8 schedules for accomplishing inspections and environmental reviews

which-have an effect on the activities of the other agency a8 defined in

Section 3.a. of this Memorandum of Understanding. Where applicable,

these schedules will be incorporated into the U.S.N.R.C. licensing

project schedule. Representatives of each agency will be invited to

coordination meetings held by the other agency pertaining eo environ

aental review activities which are to be coordinated. Each agency ~ll

give priority to keeping the asreed schedules for envirollmental revie~TR

and will keep the other agency advised of problems which ate jeopar

dizing schedules.

f. Amendment of As&i~nts

The assignment of responsibilities of this Memorandum may be ame~ded by

exchange of letters between the Executive Director for OpeT8tions ,

U.S.N.R.C .• and the Chief of Engineers, United States Anry.

6. Other Laws and Matte'rB

Nothing in this Memorandum of Understanding shall be deemed to restrict,

1IlOd1.fy, at' otherwise limit the application or enfoJrcement of any laws of

the United States with respect to matters specified herein, nor tbe

.-

•
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application or enforcement of such law. to .atters other than those

specified herein, nor shall anythinl in thls He12lOrandutll be, construed ae

aodifying the exi.tinS authority of either agency.

Signed:

Date:

",

",.,
"

~~I~cut1ve Director for Operations
Nuclear Reaulatory Commi••ign

Date:
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---._---.._._._---_.~---- ~-------

From: Joyner, Jessica A.

Sent: Sunday, October 26, 2008 9:36 PM

To: Montz, Matthew Thomas

Subject: RE: Intake canal

Follow Up Flag: Follow up

Flag Status: Purple

we already have a maintence permit for dredging, good item for our monday meeting.

.--_._------
From: Montz, Matthew Thomas
Sent: Thu 10/23/2008 10:53 AM
To: Joyner, Jessica A.
Subject: Intake canal

Jessica,

Dale mentioned yesterday that you met with the Plant to discuss the potential need to dredge
the intake canal at Vogtle. Do we have an existing maintenance permit at Vogtle? If not, we
will likely need to add those activities to the Individual Permit package that I am preparing for
Unit 3&4 work.

Give me a call when you get a chance so we can discuss.

Thanks,

Matthew T. Montz
Environmental Specialist
Southern Nuclear Operating Company
Office 205-992-5629

This e-mail and any of its attachments may contain proprietary Southern Company and/or affiliate information that
is privileged, confidential, or protected by copyright belonging to Southern Company and/or its affiliates. This e
mail is intended solely for the use of the individual or entity for which it is intended. If you are not the intended
recipient of this e-mail, any dissemination, distribution, copying, or action taken in relation to the contents of and
attachments to this e-mail is contrary to the rights of Southern Company and/or its affiliates and is prohibited. If
you are not the intended recipient of this e-mail, please notify the sender immediately by retum e-mail and
permanently delete the original and any copy or printout of this e-mail and any attachments. Thank you.

12/3/2008
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