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Executive Summary

Thewatershed of theNorth Branch Potomac RivBBPRgxperienced severe environmental

degradation in the 20 century, which intensified the frequent floodinin river and stream valleys

Ol dzZaSR o6& (KS NB I AiRdgn@across Hedridefdmnstendvasitomdtet K £982

creating Jennings Randolph LakHRL). The lake has four authorized purposes: cditbaids, dilute
downstream pollution, supplgrinking to Washington DC during droughts, and provide recrea@am.
analysis of availablidow and water qualitydata foundthat river and stream environmenis the North
Branch watershed have improved considerably stheedam was builtThis outcome iattributed to

many factors, includingegulatory enforcement, mine runoff mitigation, wastewater treatment,
infrastructure improvements, forest regrowth and the abatement of acid fairthis report, weanalyze

some of thecurrentriver and streamconditions andexaminethe changingrelevance ofakeoperations

to the first two authorizedpurposesThe U. S. Army Corps of Engineers (USACE) operates the dam in
coordination with the smaller Savage River Reservoir, a regional source ohgnveder.Our analysis
informs a jointmulti-year scoping studwith USACE 2 RSGOSNXYAYS AF |y dzLJRFGS 27
Control Plan for Jennings Randolph Lake could benefit the region at large and the lower river mainstem
in particular.

USACE dawperations substantiallyeduce peaklows and flooding in the lower mainstem of the North
Branch Potomac Riveburing the recent 15/ear period (water years 20@42018) USACE a
coordinated releases haaecomplishedi K S LIN#@n&u$ goak®greventing floods at Luke MD
(Figure ). Damoperationsdid not prevent floodingn tributaries to the NBPR or in tmeainstem

further downstream atCumberlandMD where the river receives water from Pennsylvania as well as
Maryland and West Virgini€urrent JRL dam operations play an important role in controlling floods
along the river mainstem to at least Keyser, WV and McCoolgKéisser/McCoole)

Dam operatims also routinely increase, or augment, flows when river levels are low. @DtB63 acre

feet (29.397 billion gallonsjsable@ 2 f dzYS 2 T Ww][ Q &5.40%s/aboSaedditb viate2 y LJ2 2 f =
guality storageandused forlow flow augmentation The purposés to dilute pollutants, improve aquatic

habitat, and flush buitup sedimentdownstream JRL dam operators employ a selective withdrawal

system with adjustable outflow rates to blend water from different lake depths and optimize water

guality released fsm the lakeIn practical terms, thevater qualitygoalis forthe lower NBPR mainstem

to meet the middle range of water quality standards established by the State of MarfleSACE

1997b) Quantitative goals and assessment methodologies for aquaticdtakand bottom sediments

are lackingleading to an inability to determirthe effectiveness of Corps operatians

Lowflow augmentation appears to have littte no influence on pH or dissolved oxygen in the lower

NBPR mainstem. Mine remediation and lime dosers have resolved many low pH problems in the

g GSNAKSR YR LI Ay 020K GKS dzLJLJJSNJ YR -B26SNJ b. tw
criteria. With a éw exceptions in some NBPR tributaries, dissolved oxygen throughout the watershed

also meets Maryland and West Virginia criteria of more than 5 mg/liter. Low flow augmentation is not

needed to hold either pH or dissolved oxygen to their respective watalitgistandardsn the lower

NBPR mainstent. KS Ll2aaAof S SEOSLI Jedefingihad mdin§iémidichcaudiSe ot 2 4 2
diluted by USACE releaséthey occur
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Historically, oncentrations of éksolved and particulate solidis the NBPR mainstetrave beerlow
betweenJRland Bloomington MDand then risesharplyover the next7.5 miles to Keyser/McCoole.
Increases in median concentrations are 41.1%piecific conductivity43.1% inotal dissolved solids,
276% irturbidity, 62% intotal suspended solids, aridl6% irtotal alkalinity The first four of these
constituents exceed desirable levalsKeyser/McCoolelespitethe JRUow-flow releasesThe najor
pollution sourcefor this river segmenvasthe Verso Luke paper milthichsent its wastewater to the
Westernport treatment plantThe paper mill closed on June 30, 200&ter flowing from Georges
Creekis a secondary sourcé@he creek enters at Westernport and comprises roughgrah of the total
mainstem flow there. The USAG®Rster Manual for Reservoir Operatiohas no specifidRLprocedure
to mitigate the effects olownstream wastewatedischargesther thanto release relatively clean
water andmaintain a minimum flow of 120 cfs at the Luke stream g&ff@ACE 1997blheclosure of
the Verso Luke Milputsinto question the need fodRLow-flow augmentatiorto dilute downstream
wastewater

Organic solids from industrial and municipal sourcesheald up in theNBPRnainstem below
Westernportand at Cumberlanduring summer low flow periodsAtrtificially varied flows (A\&; or
short-term highflow releasedrom JRlare a specific form of loMlow augmentation used by USACE to
flush organic solidthat settle on the river bottomDam operators have anecdoatonfirmedsediment
removalby AVFsiear Westernport but not Cumberlandmipirical data have not beeeollectedthat
guantify sediment buildupr transport in relation taflow. Closure of the Verso Luke Mijliestiorsthe
need for AVFs to flush wastewatezlated soids downstream.

{ St SOGADGS NBtSIFaSa FTNRY Ww[ Qa RSSLISNI g iSNAR Ay 4&dz
ecological effects on NBPR aquatic habitats. The proportion of time the downstream mainstem meets
Maryland trout stocking guidelines ¢20°C) has increased significantly since JRL operations began.

Diminishing traces of the summer cold water releases can be seen as far as Keyser/MoGoole

sometimes beyondBecause of these releases, cold temperature refugia in the NBRERriesare

connectedonger to the mainstem and thus to each other during summer. This allowsaet

species more opportunity to move and avoid local stressors due to mining operations, land clearing, and
development For coldwater fish such as trout, the likeecological outcome of more mobility and

longer periods of active feeding and growth at desirable temperatures is greater survival and

reproduction.

The temperature dataset for the NBPR watershed is large and currently being expanded with high
frequencytemperature data collected by  NBf | Y RQ&a 5 S LJ NI Y S#eiUS@edlogle | (i dzNJ f
Survey andthe Interstate Commission on the Potomac River Baslatershed temperature modeling

should be able to demonstrate how stratified releases from JRL can complement natural cooling effects

2T ANRdAdzy Rl GSNE F2NBad O20SNE FyR StS@FiAz2y Ay (K
populations, including atural and stocked trout, would be better connected and sustained if this

information is used to enhance coeldnd coolwater habitats in the NBPR mainstem. Stable, resilient

aquatic populations will further support local recreational economies and evéntoelp Maryland and

2 SA30G *ANHAYAlF 2dzaGATe RStAaGAYy3a GKS NBIA2YyQa AYLN

Outside of its role in modifying downstream water quality, JRL appears to serve as a sink for dissolved
solids and to some extent suspended particles entering the lakézamniller, MD.How these effects are
accomplished is not clear because consistent patterns of stratification are not evident in the few depth
profiles available for the lakdhe limited amount of available lake data precludes any thorough analysis
of the lake environment.
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Gradual increasing trends épecific conductivitiandtotal dissolved solidare apparenin places irthe

NBPR watershed. Reversing these trends will require watershed management approaches rather than
changes in JRL dam protocdisr example, procedures for operating lime dosers, a potential source of
dissolved solids, may need to be reviewed and adjusted. With closure of the Luke mill, turbidity and
total suspended solidsoncentrations in the watershed will not be extreme excepthe Georges Creek

subwatershed and some isolated locations. They may require targeted and more sophisticated
remediation efforts.

A reassessment of th#RL operationasdescribed in the 1997 Water Control Plandof i KS f I { SQa
currentwater quality storagellocation 65.44%of the useableconservation poqglis warranted in our
opinion.We recommend doing this after additional information has been collected and studied. The
available instream data and theanagementools used now are insufficierto determine the

contemporary roleof JRIdamoperationsh y G KS NA @ S\WIedla n®@ AdlisiiciandS Y ¢
comprehensive visig or watershed management plais, requiredto better describe hovthe

watershed should be managdadr multiple purposegoing forward.
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Figurel. North Branch ®omac River and watershed (HUC8 02070002)

Major towns and cities located on or near the river mainstem are named. The river thoe
border between Maryland and West Virginia from near its origin at the Fairfax Stone to its
confluence with the South Branch Potomac River.



The Influence of Jennings Randolph LakeéDam Operations on
River Flow and Water Quality tine North Branch Potomac River

A Technical Report Supporting Preparation of a Comprehensive Scoping Plan Considering an
Update of the Jennings Randolph Lake Water Control Plan

1 Introduction

TheNorth Branch Potomac RivBBPRandmanyof its tributaries areecovering fromsignificant
environmental degradatiothat occurredin the watershedduring the 28' century. Water quality in the
regionwasadverselimpactedby acidmine drainage, industriaffluents, residentialwastewater
dischargesand legacy sediment from forest cleautting. River and stream environments have
improved since the turn of the century, an outcome efulatoryenforcement mine runoff mitigation,
wastewater treatmentsomeinfrastructureimprovements forest regrowth and the abatement of acid
rain. However,in recent Maryland and West Virginiategrated Report$o the U. S. Environmental
Protection Agency (USERBAany subwatershedare still identified asimpairedto some extenty
sedinments, nutrients, low pH, fecal coliform, metals (aluminum, iron, mangan&segs (cyanide)pons
(sulfate, chloride)and/or impacts to biological communitigMDE2017, WVDER016).

Jennings Randolph Lake (JRL), formerly the BloomifRgsarvoir, was authorized in 1962 by thé'87
United States Congregsimarilyas means of flood contrébr the NBPRIt was completed in 1982 and
is gperated by the United States Army Corps of Engineers (USAGH)rigidalWater Control Plaimad
four goals (1) reduce high flows to control downstream floodi() improve downstream water quality
by augmenting low flowg3)supplydrinkingwater to Washington, D. C. and the local regitoming
droughts and (4)provide inlake and downstream publiecreation

Dam operations alRlusevariousapproaches t@chievethe specific objectivesentifiedin the JRL
Water Control Pla. During high flow eventseleases fromJRland nearby Savage River Resen®RR
are both slowed to reduce the rigk flooding indownstream riverside townsncludng Bloomington,
Luke, WesternportMcCooleand Cumberland in Maryland and Piedmont, Keyser, and RidgeWest
Virginia(Figure ). During low flow periodsJRldrawdownsraise water levels and flovfer the purpose
of diluting downstreampollution, some of which originates frothe above mentionedowns. JRL
stratifies thermally and chemically, andgelective withdrawal systemvith portalsat different reservoir
depths dlows JRL dam operators tofluencedownstream river temperature®uring severe droughts,
water is released from JRLgatisfythe drinking watemeeds ofmetropolitan Washington, D. Che
Interstate Commission on the Potomac River Basin (ICPRB)arfmréise metro area water suppliers
and channels requesfsr releasesi K NB dz3 K (i K S Marfagemén®@nd QaalitySScNdnThese
requests are infrequent, with the last two occurring ir02@nd 2Q.0. Finally, sveral access roads and
recreational failities support idake uses by the publiPulsedreleasesusually in springare made
specifically fowhitewater rafting andkayakingn the mainstem immediately downstream of JRL

The originalJRL Water Contréllan was updated in 1997 (USA®E7a, USACE 1997%kith some
modifications.Most notably, the Plan addedshort-term objectiveto support Maryland and West
Virginianatural resourcgprograms thatmanageNBPRisheries andalong-term objectiveto establish a
seltsustaining sport fishg (USACE 1984.7). TheCorpsrecentlyinitiated a scoping study to
determineif another update of the Plarrould benefit the region at large and the lower river mainstem
in particulat



This report provides supporting information foratscoping studyTheNXB LJZitsfls€z@ondescribes
how JRL dam operations changBPRIow characteristicto control floodng during high water events
and augment flows during low water periadghesecondsection looks at longerm changes in key
water quality parameters in the NBPR waterslagdl riverand examines the rolthat low flow
augmentation currently playi® improvingdownstreamwater quality. The reportis a companion to an
in-depth analysis ®BNBPR environmental conditions suppogaquatic life use, and in particular celd
water fish(Selckmann and Buchanan prep).



2 River Flow
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and food damage reduction continues to be listedaa3RL goahirecentUSACENnual reports.JRL
elevations and releases are regulated by US#teE reviewingboth United States Geological Survey
(USGSstreamflowdataand National Weather $¢ice (NWSXlood stagesat three placesKitzmiller
located immediately upstream of JRIood stage=9.0 ft), Lukelocated below theconfluence oNBPR

and Savage Rivdidod stage=10.5 ft), andCumberlandocated about 41 miles downstream of JRL
(flood stage=17.0 ft) (USACE 1997b, TableZj. During high water events, JRL &RRlam releases

are limited, reduced, or halted depending on downstream river stage and the opecatitggraints of

each dam. Excess water flowing into the reservoirs is stored for release later when downstream river
stages have receded (USACE 1997h). If stagey downstream locations have reached flood stage
and are expected to continue to rise, tARL outlet gates are usually closed except for a minimum
outflow. If the gates are closed, they typically remain closed until downstream gages have crested.
Estimated travel times from JRL during high water events are considered when making reledses: 0.5
to Barnum; 1.0 hr to Luke; 7 hr to Pinto; 12 hr to Cumberland. When the gates are initially opened
following a major high water event, releases are made incrementally to ensure the safety of
downstream users, avoid streambank and streambed erosionp@niize impacts to stream biota.

JRL dam operators augmdatv flows in the NBPR mainsteimimprove downstream water quality, the

second authorized purpose of the daktigherthan ambient flowsare releasedluring low flow periods

to maintain a minimunof 120 cfsat Luke MD Operatorsemploya selective withdrawal systeno blend

water from different lake depthand improve the thermal and chemical characteristics of waters

discharged from JRIheyalsoperiodically release pulses of higlater, called artificially variable flows

(AVF), to flush organgsolidsthat have settlecbn the riverbed downstreamAVFs have the side benefit

of providing whitewater rafting and kayaking opportunities. & ¢ | (G S NJ2 IN#zZ3Sx G & 24 dzY S
comprisings0,009acrefeet (162980 A f ft A2y Al ff 2y avX 2NJ NRdzausdble pp dn
storage is available for water quality control. This percentage was 53i86&P& 1997 Plam

percentagederived from an earlierlarger estimate of the conservation pool total volume (USACE

1997b). In conjunction withSSReleases, JRL operators @gpposedi 2 G dzAS & YdzZOK 2F (K
water guality storage as needed every year to produce the greatest possible improvement in wate

quality, bothinf  {S YR R2¢yaiuN®B8).Ye 6! {1 /9 mMbppro T

To characterize the influence of dam releases on NBPR flows, we exdug@@itreanflow data from

the Kitzmillergageupstream ofJRlandthe Barnumgagea short distancéelow JRLOnNly about 9.5

river miles separatéhese two gagegFigure )@ YA GT YA T £ SND &I YR i SNHIRERQA &4 & H
18% larger at 266 rmiDue to their proximity, flows at the Kitzmiller and Barnstneamgages would be

similar if JRL had not been bultomparisons dKitzmiller and Barnurflow metricsillustrate the

immediate effects odRLloperationson river flow. Metris calculatedfor other gages on the NBPR

mainstem above and below JRUustrate thenormal influence of watershed sizes well ashe

downstream extent of JRL asRRlow modifications

2.1 Data Analysislethods

A suite of metricsTable ) was calculated froraub-daily flow datadownloaded from theJSGS National
Water Information Systepror NWIS, for seven gages in the North Branch Potomac River watershed
(Table 2. The analysis was performed on data for theent15-year periodof water years 208 ¢ 2018



https://waterdata.usgs.gov/md/nwis/uv/?site_no=01595500&PARAmeter_cd=00065,00060,62615,62620
https://waterdata.usgs.gov/md/nwis/uv/?site_no=01598500&PARAmeter_cd=00065,00060,62615,62620
https://waterdata.usgs.gov/md/nwis/uv/?site_no=01603000&PARAmeter_cd=00065,00060,62615,62620
https://waterdata.usgs.gov/usa/nwis/rt
https://waterdata.usgs.gov/usa/nwis/rt

(10/1/2003 to 9/30/2018). Discharge measurements at the gages are typically made at 15nim&e
intervals. AlUSGSage records downloaded in December 2018 had gaps in coverage. The total number
of days without flow data during the dfear stidy period ranged from 4 (North Branch @ Barnum) to

574 (Savage @ Barton) days. Most gaps occurred in winter months (Decerelbenary), when ice
formation is capable of interfering with flow measurements. Due to these gaps in covarageof the
analyses were performed only on nofwinter records of the 15 years (MarciNovember).

2.2 Daily Mean Flows

Analysis oflaily mean flows durinthe non-winter 15-year period shows dam operations produce large
changes in an array of flow metri@iSigure 2. Whenthe results are normalized to watershed size,

average annual tlay maximum flow rate falls 45% from 23.71 cf¢/atiKitzmillerto 12.99 cfs/mi at
Barnum,and average annual@y maximum flow rate falls 30% from 15.72 cf¢/til11.05 cfs/mi.

The average annual iday minimum increases 4fbld from 0.14 cfs/nfito 0.57cfs/m#, the average

annual 3day minimum increases 3f8ld from 0.15 cfs/mfito 0.59 cfs/mi, and August median

increases 2.4old from 0.3 cfs/m# to 0.87 cfs/mi. The baseflow index is 4fald higher, increasing

from 0.08 to 0.33. Rise and fall rates calculated on the daily means are substantially slower at Barnum,
which results in a much lower flashiness index. Reversals calculated on the daily means inenmgédyge sh
reflecting dam operations. The overall mean and median flows show a gradual decline as watershed size
increases but reflect little or no effect of the lake or dam operations.

Additional flow metrics were calculated for Kitzmiller and Barnum tangjfyathe number of low and

high flow pulses and their durations. Low pulses are daily mean flows below thget€entile of all

daily means in the study period; high pulses are daily mean flows above thee@eentile. In non

winter months, Kitzmilleexperiences low pulses about four times per year on average whereas Barnum
SELISNASYyOSa (KSY (6A0OS LISNI @S N YAdliovaystas SNRa 24
O2YLJI NBR (2 . I NydzyQa ooy RI @&d Yned peygar whéréas S E LIS NR S
Ny dzy SELISNASYyOSa (KSY 2dzad F2dzNJ GAYSa LISNI @St N
HPy RIF&a | a O2VY.dayHRe aiethge dirdidn oev@rts with daily mean flows above

the overall median flow (DH}¥vas 13.8 days at Kitzmiller and 21.8 days at Barnum.

By the time the NBPR mainstem reaches Cumberland, its watershed size has grown t6a88%¥ mi
several large tributaries have joined the rivRegulated flows from Savage River subwatershed (106
mi?) enter the NBPR immediately above Luke. Sifethe majorsubwatersheddetween Luke and
Cumberland are Georges Creek (74.9),iNew Creek (53.5 A)j and Wills Creek (252.8 #hiTheir
unregulatedflows differ from the regulatedJRL and Savage Reserfloiws. By Cumberland hie

normalized day maximum has increased slightly, indicating a diminished influence of JRL opdtations
controlflooding at Cumberland. The and 3day minima are substantially lower than Barnum,

indicating JRL operations a0 losing their effectivenes® augment low flowsat Cumberland. After
being strongly modified by JRL operatioi flashiness indekasincreasel againat Cumberlandvhile

the baseflow index and the number of reversadsreresumed decreasing.

2.3 SubdailyFlow Rates

Therise and faltrates of diange insub-daily flows, oithe individualflow measurementsakenevery15
or 30 minuteswere alsoexamined for the nofwinter 2004¢ 2018water yearperiod. Steyer, located
furthest upstream on the NBRRainstem, tended to have the fastest sdhily rise and fall rates,



Tablel. Flow metrics

Calculations were performed in Microsoft Excel 2016 onwiater (Marchg November) flow records for the 4t

year study period from 10/2003 to 9/30/2018 (Water Years 20Q£2018).

Metric Name

1-Day Maximum

3-Day Maximum

Mean

Median

August Median
Base Flow Index
1-Day Minimum
3-Day Minimum
Number of
Reversals

Rise Rate (Daily

Mean)

Fall Rate (Daily
Mean)

Flashiness

High Pulse
Duration

High Pulse Count

Low Pulse
Duration

Low Pulse Count

High Flow
Duration DH17

Description

¢KS F@SNI3IS 2F SIOK &SINRa KAIK
period divided by watershed area (#i

The average of each S I N & -day\nibirfg aviérage of daily mean
flow (cfs) during the study period divided by watershed are&)(mi

The average of all the annual means of daily mean flows (cfs) during
study period divided by watershed area gni¢t KS | GSNIF 3 S
mean daily flows is calculated, and then the means of each year are
averaged.

The median of all the daily mean flows (cfs) during the study period
divided by watershed area (fi

Themedian of the August median flow for each year in the study peric
divided by watershed area (fi

¢KS YSRALIY 2dayfidin@i flodv @fs)Mided by the mea
annual flow (cfs).
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study period divided by watershed area gni
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(cfs) during the study period divided by watershed amai)(

The average number of times in a year that daily mean flow switches
from rising to falling and vice versa.
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in a year.

(RichardsBaker Index) Sum of the absolute values of-ttaglay changes
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Table2. U.S. Geological Survey flow gages in the North Branch Potomac River
Data were downloaded fromttps://waterdata.usgs.gov/nwisfor the water years 2004 2018 (10/1/2003¢
9/30/2018).

Gage . o

Number Location Description

01595000 Steyer, MD North Branch Potomac River. Drainage area 7321 baita record often
interrupted in midwinter, resulting in 452 (8.2%) missidgys.

01595500 Kitzmiller North Branch Potomac River. Drainage area 225 Ddta record often
interrupted in midwinter, resulting in 4277.8%) missing days.

01595800 Barnum North Branch Potomac River. Drainage area 266 Diita record mostly
complete. Only 4 (<0.1%) missing days.

01598500 Luke North Branch Potomac River. Drainage area 436 [Dita record has 34 (0.6%
missing days.

01601500 Cumberland North Branch Potomac River. Drainage area 877 bita record has 140
(2.6%) missing days, most are in miihter.

01596500 SavageBarton  Savage River. Drainage area 49.1 Data record often interrupted in mid
winter, resulting in 574 (10.5%) missing days.

01597500 Savage Savage River. Drainage area 10& mata record has 37 (0.6%) missing days
Bloomington

)

CFS/mi

CFS/mi
CFS/mi?

~——
R S T
.........

Number of reversals per yea

) 100 600 800 100¢ 200 400 800 100( 0 200 100 600 800 1000

—e—1-Day Max -—3.Day Max =e=Median B ~Fall Rate of Daily Means ——Rise Rate of Daily Means

—e—1-Day Min —=—3-Day Mir August —e—Flashiness Index --No. Reversals in Daily Means

Figure2. Flow metrics for North Branch Potomac Rimainstem March¢ Novemberwater years 2004 2018
Dots (from left to right) indicate the USGS streamflow gages on the mainstem at Steyer, Kitzmiller, Barnun
and CumberlandSoid triangle (7): location of Jennings Randolph Lake. Watershed sizes at USGS gages in
mainstem: Steyer MD, 73 fnKitzmiller, 225 mj Barnum 266 nij Luke, 406 Mj Cumberland, 877 ri

reflecting the influence of its smaller watershdedure 3. The NBPR at Cumberland, located furthest
downstream, tended to have the slowest sdhily rise and fall rates. Swlaily rise rates wereverall

faster than fall rates at Steyer, Kitzmiller and Cumberland but were nearly identical at Barnirakand
reflecting the influence of JRL aB&Rperations. This effect can be seerFigure 3vhere distributions

2F . FNydzy FyR [dz1 $Qa NmaasS NIaGaSa +rtvzad SEI Ot @
relatively abrupt, prescribed eimges in dam release rates which result in similarly fast increases and
decreases in downstream water level.

Table 3shows the frequencies of three categories of change: fall rates faster&h@02 cfs/mi/min,
rise rates faster than +0.0002 cfsAtmiin, and little or no change in stdaily flows.In additionto its
high reversal rate (seleigure 2, Steyer had the second highest combined frequencies cHailip rising
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Figure3. Changes in sutiaily (15 and 30-minute) discharge measurements at the North Branch Potomac R
gages normalized to watershed area
Rise and fall rates greater than--6.0002 cfs/mi/min occurs in33.6%% of Steyer discharge measurements,
28.38% of Kitzmiller measurement34.09% of Barnum measurements31.74%6 of Luke measurements and
24.02% of Cumberland measurements. $¢s0 Table 3

Table3. Frequency of suthaily rise and fall rates

The frequencies oélfl rates(<-0.00@ cfs/mi/min), rise rates(>+0.00@® cfs/mi#min) werecalculated on sub
daily flow measurementsormalized to watershed sizigr water years 2004 2018 The threshold 0.0001
cfs/mi/min is equivalent to a change over 30 minutes d#@fs at Steyer].35cfs at Kitmiller, 1.60cfs at
Barnum,2.44cfs at Luke5.26cfs at Cumberland, 29 cfs at Savage Barton anddd.cfs at Savage Bloomington.

NBPR@ NBPR@ NBPR@ NBPR@ NBPR @ Savage @ Savage @

Steyer Kitzmiller Barnum Luke Cumberland Barton Bloomington
Fall rates 19.2% 18.64% 17.15% 16.81% 15.17% 1449% 6.21%
I(;Ik:g?\g]eo 66.35% 71.75% 65.96% 68.27% 75.9% 74.23% 88.60%
Rise rates 14.62% 9.61% 16.89% 14.92% 8.83% 1128% 5.19%

and falling water levels38.65%) This contrasts with Savage at Barton, where rising and fall levels occur

in just 25.77% of measurements. Savage at Bahtas awatershedsized A Y A f | NJ, hugtifigretitS & S NI &
upstream land cover and water uses. Comparisons of Kitzmiller and Barnwritstse two gages

experience similar frequencies of watewelsfalling faster thar0.0002 cfs/mi/min, but Barnum

experiences almost twice as many instances of wigteglsrising faster than +0.0002 cfs/ffrin. This

effect is seen downstream at Lukadibut hasdisappeared by umberlandDam operations at Savage

have a different effect osub-dailyrising and falling ratethan damoperationsat JRLlikely due to

different releaseprotocols. Rising and falling rates there only octl#% of the timeandflow rates do

not changdn 88.6% of the sudaily flow measurements.



The maximum and minimum flows measured eachJulian dayvere identified for Kitzmiller and

Barnumfor the 15-year analysis period and theiratershednormalizeddischargesompared Figure 4

shows the suppression of peak levels during high water events and augmentation of low flow levels in
summer and fallAppendix 202 y i Aya SI OK ¢ (S bdaly 8awdddthe KikzéniReNP 3 NI LIK
and Barnum gages. The stepped hydrograph at Barnum is clearly different from the natural, skewed

shapes of rising and falling flows at Kitzmiller. Changes in release rates at JRL are seen as sudden up or
down changes in thaydrographs.

During the 15year analysis periodyBPRabove JRA&t Kitzmillerexceeded itS€N\WSflood stage in five
high water events whil&NBPR below JRLlatkeavoided flood stag€l10.5 ft)the entire period Dam
operations did not prevent flooding further downstream at Cumberland, where levels excé¢eeled
flood stagethere (17 ft)in an estimated sevehigh water eventsluringthe same period.

Flow levelsat Lukedrop slightlybelow the prescribed 120 cfainimumflow on two days inNovember
2010 (water yeaR011). Otherwise,dam operations succeeded in ntéw this objectiveas well.
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Figured. Range of daily mean flow rates at Kitzmiller (blue) and Barnum (or&l®@5 streamflogages by
day of yearfor water years 2004 2018
Flow rates are normalized to watershed size?nai make them directly comparable.

2.4 Artificially Varied Flows

AVFs are a specific form of ldlew augmentation where releases from JRL are increased rapidly from
low pre-release levels toneeta combined target flow from JRL and Savaf#,000 cfs at LukeviD.
AVF flows are held at the high flow level for a continuous pegipitally lasting 24 48 hours Table 3.



The original purpose of AVFs was to flush organic solids that settle to the river bottom during low flow
periods usuallyJuly,August and Sepe¢mber. Thepaper millin Lukehas historically been the primary

source of the organic solidd SACE also ushkigh flowsto provide temporaryopportunitiesfor
whitewaterrecreationbelow JRL. AVFs were not an original objective of the JRL Water Control Plan but
were written into the updated Master Manual for Reservoir Regulation, Appendix A (USACE 1997b).
Whitewater recreation was added as a project purpose by the Water Resourgeopment Act of
1988.JRL releasespecificallyfor whitewater recreation aref ashorter durationthan AVFs

In addition tothe prescribed AVFs fdiushing settled organic solidkiring lowflow periods,other large
andrelativelyfastreleasesre clarly seen in the sulaily Barnum hydrographs for water years 26004
2018 Appendix A Atotal of 309releasesof more than 1,000 cfs in a od®ur periodoccurred in
March, April, May, June, July, August, September, and Noveduioieig the 22 yearsSomeappear
related to heavy rain eventsthersdo not. Thegreatest numbenf these releasesccurred in2011 (65)
and 2018 (52)the least ir2005 (5), 2006 (4), and 2016 (Bhe average number per year is 20.6a If
lower thresholdof 800 cfs increase péour is considered, the average number per yesas t030.9.

Table4. Artificially varied flows (AVFs) for water quality cont@08- 2018 (from USACE)
* the scheduled AVivascancelled ané whitewater releasevas made instead

August September

Year Duration Flow PreRelease Duration Flow PreRelease

(Hours) Target CFS CFs (Hours) Target CFS CFS
2018 8 Cancelled* - Cancelled
2017 8 Cancelled* 275 Cancelled*
2016 27 1000 200 28 850 180
2015 30 1000 225 31 1000 200
2014 29 1000 200 29 1000 200
2013 32 1000 265 31 1000 270
2012 29 1000 150 29 1000 150
2011 Cancelled* 30 1000 400
2010 30 850 125 - - -
2009 27 1000 175 - - -
2008 26 1000 225 - - -




3 WaterQuality

Improvement ofdownstream water qualitys the authorized purposdisted second in the JRL Manual of
Operationsafter flood control Reservoir wateis of higher quality than downstream water which
receivesindustrial and municipal dischargaadacid mine drainageAMD) runoff from tributaries JRL
operations intentionally increaseservoir releaseduring low flow periods, whedownstreamflows

are not enough to dilute and flusbut the pollutants.Severafeatures of JRallowits releasego affect
downstream water qualityl) The reservoiprovidesa large storage sinkhere precipitates oAMD
contaminants and heavy metals from upstream tributary souga@ssettle to the bottom 2) Chemical
interactions within the lake are thought touffer against low pH and other AMD contaminants
(although see pH and Alkalinity sections beld®))TheNB & S Ndgtaral thekral stratificationand its
release portals that draw from different lake deptadbow damoperatorsto make cool water releasés
summet 4) Over halbfi KS NBASNIW2A NI @2f dz¥YS A a lafdinge@edicsSR (2 a4l
increasedownstream water levels and dieitiownstream pollutantsluring low flowperiods

In practical terms, the goal fatownstreamwater quality is to meet the middle range of water quality
standards established by the State of Maryland for Jennings Randdiglkeimand downstream use
Table 704 in USACE 1997b listefpplicable water qualitgriteriaat thattime¥ 2 NJ a | N&F | YRQ& ™
designated use categomyhich includesvater contact recreation, protection of aquatic life, and public
water supplyFecal coliform and other pathogenic or harmful organisaasot constitute a public
health hazard as determined by Maryland Department &f Environment; dissolved oxygéDO)
camot be less than 5 mg/liter; maximum temperatures outside an identified mixing camet be
higher than 9CF (32°C); pH must be between 6.5 and 8.5; and turbidaynot exceed levels
detrimental to aquatic lifeTurbidity in surface water resulting from amdustrial or municipal
dischargecamot exceed 150 NTUs at any time or 50 NTUs as a monthly avéregrewere no criteria
for sediment buildp on the riverbed but itwas a concern.

3.1 Data Analysislethods

Data forthe analysesameprimarilyfrom federal, state and other datasetwvailable through the
nationalWater Quality Porta(WQP) Data forthe Maryland and West Virginia portions BPR

hydrologic unifHUC82070003 were downloadedrom the WQRon February26, 2019 Contributors
included the USGSMaryland Department of the Environment (MDEgryland Department of Natural
Resources (MDDNRNational Park ServiddlPS)andWest Virginia Division of Environmental

Protection (WVDEP$ample dates ranged from July 1945 to February 2019, with a few results
submitted by USGS Marylafar 1906 and 1907Data was availablenly through 2017 fomost
parameters.in August 2019, WVDEP shawmith the Commissiotheir ambientwater quality
monitoringdatafor the North Branch watershed his dataset was significantirgerand longetthan
WVDEP data available in the WQP downl®&DEP records in the WQP download were removed and
the WVDEP and WQHatasets mergedAnalyses for this report were performed on the merged dataset.
Water quality data collected by the US Army Corps of Engineers (USACE), Baltimore District in JRL for
three years, between 6/10/2015 and 7/19/2017, were included in the download. Lake data forg2011
2017 were also obtained directly from Baltimore District staff.

High frequencyemperaturemeasurementsollectedby MDEat nine sitesduring 2013 2014were
included in the WQP downloaded. Hourly temperature, pH, and specific conductivity measurements
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collected at Barnum below the JRL dam between 10/1/2012 and 12/31/2018 were obtained directly
from the USGS War Data for the Natiomwebsite.

Different station names assigned Bgrious monitoring agencies for the same location were resolved by
mapping sample locations according to their given latitudes and longitudes and grouping locations close
to each other ad in the same river or strearin the NBPRhainstem betweerdRland the Savage River
confluence USGS, MDE, atodt MDDNRmade measurementat two locations which we identify as

G . | NJ/38z446133ntitude, -79.1108longitude) andy . £ 2 2 Y A3@.Z78% 3datitude, -
79.0637778ongitude).This river reach has no large tributaries and the locations are for practical
purposes comparable, sge often combinedthem in analysesSimilarly, the Kitzmiller site on NBPR
mainstem above JRladthree or four slightlydifferent station locationsand were combine@nd
ARSY (A TASREFbranalys puiipbsesavente§icwdlgroups of sites were established:
NBPRnainstem Mainstem)

tributaries to theNBPRocated abovelRL(Upstream)

Savage River and its tributaries (Savage)

Georges Creek and its tributari@Seorge)

New Creek and its tributaries (New)

PattersonCreek and it¢ributaries (Patterson)

Evitts and Wills creelkendtheir tributariesin Maryland andthe various smaltributaries to the
NBPRocated downstream of thdRland not included in Savage, George, or Patterson/New
groups(Downstream)

These groups are illustrated Figureb. Samplesvere not generallycollected evenly over time and
across each sawatershed.TheMainstemgroupwasfurther divided toinvestigate change in thearious
water quality constituentslong the mainstem

=A =4 =4 =4 -4 -8 9

Pairwise comparisons wersometimesR2 yS 2 OKIF N} OGSNAT S RATFSNByOSa
at two locations. Irpair-wise comparisons, data collected on th&me dateat the two sample locations

are matched. This prevents inadvertent bias or weighting caused when more samples are collected at

one of the locations in a different period. If there is little differethetween the two locations in the

pair-wise comparisons, the matched data points will fall close te@1 relationship line when

graphed.If large differences occur but the matched poigenerallyalign with the to-1 relationship,

the results imply hat conditions at the two locations are not closely linked andaverageare the

same If many points fall either above or below théd-1 line,the two locations areeliablydifferent.

Only a few stations were monitored consistently over timéhim NBPR watershed. Trends at these

stations are for the most part obvious in time series of the raw data, and formal trend analysis is not
necessary. Most stations in the watershed were visited sporadically or randomly, and time series for the
six regionagroups should be examined carefully with this in mind. Apparent spikes (or dips) in the time
series graphs usually indicate the results for intermittently visited stations that had comparatively high
(or low) parameter values. The time series, howevetptshow overall changes on a regional basis.

3.2 Jennings Randolph Lake Water Quality

Data were availableFom USACHr several parameters measuredfate stations in JRand two

stations in the river immediately upstream of the lake nine occasions between April 2011 and July
2017. Depth profiles at each station were graphed and examiApddndix B. Temperatures showed
the normal seasonal pattern of warmer temperatarat the surface and a gradual decline with depth.
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Sites visited at least once between July 1945 and February 2019.
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DO showed unusual profiles ioicreasingconcentration with depth. Concentrations throughout the lake

were typically supportive of aquatic life. Specific conductivity (SpCond) levels fluctuated with depth but

did not change hugely except on two occasiomewlevels decreased consistently with depth (June and

July 2015). Pulses of high SpCond levels entering theviedeesometimes apparent. pH showed various
profiles, sometimes increasing with depth and other times decreasing. The changes in pH with depth,
however, were usually very small. Overall, the limited amount of available reservoir data precluded any
thorough analysis of the reservoir environment. Comparisons of water quality parameters at Kitzmiller
above JRL and Barnum and/or Bloomington a shistadce below JRL providédtter insights into the
NEASNB2ANRE STFFSOO 2y R2yaldNBlIY gl GSN) ljdzt t Adeod

3.3 River and StreaWwater Quality

3.3.1 pH

pH values in the NBPR watershed have improved (increased) frofaQhicentury lows and now meet
Marylandand West Viginiawater quality standardé many locations. In thepper NBPR mainstem, pH
values were less than 5.0 (acidic) in the 1960s and have risen to values that are now abBigu6e5 (

6). At Kitzmiller above JRL aatiBarnum and Bloomington below JRhanstem pH values were less

than 5.0 in the 1960s and now are consistently aboveFidue6, 7). The Barnum and Bloomington

sites jointlyindicate a pattern of pH recovery nearly identical to that at Kitzmiller. In the NBPR mainstem
from Keyser/McCoole t@Idtown,pH values below G/ere occasionally seen in tH®©80sand earlier

but pH values have been above 8ifce the miel990s Figure?, 8). Toinvestigatethe influenceof JRL
operations orNBPR mainstempH, we did a pairwise comparison gbHmeasurementsollected on the

same dateat Kitzmillerupstream of JR&ndthe combined BarnunBloomington sits downstream of

JRLThe data were collecteduringmonthly site visitdy Maryland (MVDDNR, MDE) and the USGS
between 1979and2017(n = 374)Theresultinglinear regressioiis highly correlated (R=0.81) and

tracks the 1:1 lingindicating pH values the mainstemabove and below JRire very similafFigure9).

In recent years (2000 2017), median pH below JRtas0.2 unitslowerthan at Kitzmillerabove JRand

thus slightly more acidi®RS a dzf 1a Ay RAOF S Wwfferinydagacit I @S t AGGES AT

The numerous tributarie® the NBPR mainstein the Upstream subwatersheshow a wide rage of
pH valuegFigurel0) reflecting theinfluenceof AMDthat still occusin placeghroughoutthis region
The overaltrend in pHisupwardandvalues ard LILINE | O K A y Surfacéwhidr qullity R Q a
standardspH values in th&avage RiveD S 2 NH S QandDbvindr&ainsubwatershedsiso show
overall increases over timdut with much less variatiofFiguresl 1, 12, and13, respectively) Low
values are found in specific tributariemted on the graphs, andxamination of seellite imagery shows
someof the hot spotsare clearly associated withining The Patterson and New creeksoth of which
are relatively unaffected by mining operations, hak¢ valueghat haveaveragd between 7.0 and 8.0
since the 1970swith few sitesfallingbelow 6.5 Figure #).

The pH data collecteldourly at Barnum since 10/1/2012 show pidlues theredo not exceed the

Maryland pH criteriaf >5.5 and<8.5. A daily signas foundwhenthe data are plotted by timeof day

(Figure ), indicating photosynthesis in the rivisroccurringn all months pH rissin weakly buffered
waterswhenperiphyton and vascular plants take up carbon dioxide during-tighienday-time

photosynthesispH fallsat night as plant and animal respiratioeturnscarbon dioxide to the wateiThe

RFAf& LI OeoftsS A& GeLRAOl tf gledindiBngedsReiiandh y a dzY YSNJI 4
temperatures are warmer. At Barnum, the average daily change in pH was mirigsalthan 0.3 units
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NBPR Mainstem - Headwatersto Jennings Randolph Lake
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Figure6. Time series gfH in the upper North Branch Potomac River mainstem
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Figure?7. Time series gfH in the middle North Branch Potomac River mainstem
Inset shows Barnum and Bloomington (MDDNR) sites relative to Savage River, Verso Corp. Pe¢
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NBPR Mainstem - Pinto to Oldtown
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Figure8. Time series giH in the lower North Branch Potomac River mainstem
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Upstream
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Figurel0. Time series gfH in the Upstream subwatershed
These are North Branch Potomac River tributaries located upstream of Jennings Randolph Lake.
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Figurell. Time series gfH in the Savage Rivertsuatershed
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Downstream
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Figurel3. Time series gfH in the Downstream subwatershed
These are North Branch Potomac River tributaries located below JRL and not including the Savage, Gec
New, andPatterson subwatersheds. Data are primarily from Wills and Evitts creeks.
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New and Patterson
12

11

10

pH (5U)

© New

o Patterson
0
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Figurel4. Time series of pH the Patterson and New creek subwatersheds
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12/31/2018
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3.3.2 Temperature

NBPR rainstemtemperatures below thelRldamat the combinedarnuni Bloomingtonsite were
typically warmer than thosabove thelakeat Kitzmillerin the late 1970sKigure B). Thiswaslikelya
result of solar warming at the lake surface angreater capacity of the lakelargevolume tostore
heat Comparatively ooler downstream temperaturgbegan appearingeasonallyn the 1980safter
the damwas completed antiecame operationaland consistent patterns emerged in the ri@90s.
Between 198 and 2017,downstream emperatures measuredprimarily at Bloomingtorand
occasionally at Barnurwere on averagenore than5°Ccoolerin July and Augustluringpeak summer
temperatures Figure ). Downstream temperatures were on avera@e- 3.2°C cooletin April, May,
and Jundeading up to summer and 28coolerin Septembemovingout of summer.The reverse
situation usually occued in fall and winter (Octobeg February) when temperatusavere cooler
upstreamcompared to downstreamUp and downstrean temperatures are about the same in March.

Temperature is an important habitat variable, especially for-eadder speciesuch aBrook Trout
(Salvelinus fontinal)sToexamine some ahe potentialbenefisoftheWw|[ RIFYQa RSSLI 61 G SN
we omparedupstream (Kitzmiller) and downstream (Barnum/Bloomingtisajjuendesof
temperatures betweerl°Cand 18C atemperature rangewithin which Brook Troutare actively feeding
and growing(e.g., Chadwick and McCormick 2DMeasurements werenade during monthly site
visits mostly during daytimegver the 22year period of 19962017 We also looked at frequenci@s
the 4°C- 20°Crangewhich isa I NE f dtogkiv@ydidelinefor trout of several specigCOMAR Section
26.08.02.033). The results, shown iRigurel8, indicate JRL coldater releasesncrease the likelihood
of temperaturesmeeting the stocking guidelisén the NBPR mainstem belaiRlduring summesand
even winter Summertemperaturesfrequentlyexceead 18°C(upper grah), but theyalmost always
stayed below thestocking guideline20°C thresholdlower graph) Relatively warmer watersire
discharged fromdRL in winterextendngthe period ofpreferred temperaturesnto winter. (In winter,
denser AC watersstratify below cooler, less dense waters at the surfdzam releaseblendng waters
from multiple depths will therefore tend to be warmer than ambievditer temperatures.)Upstream of
JRlat Kitzmiller temperatures neet the trout stocking range 100% tife time in April and Octobdyut
percentagesfall in summer to 26.1%f the timein July

Using theMaryland trout stocking guidelines, we analyzadnthly temperaturesfor 1996¢ 2017 at
additionallongterm monitoringsites in the NBPR watersh€babk 5). The cooling effect of JRL releases
is gradually lost with distance downstreafi.Keyser/McCoolefrequenciesof temperature
measurements meeting the stocking guidelingsre 89% in Jun&8% in July42% in August, an85%
in September. Further downstream at Pinto, they w6ié6 in June24% in July16% in August, and7%
in SeptembelFigure 19. Routine eEmperaturemeasuremens inSavage River and Wills Crebkth
relatively large subwatershedmdicatetheseNBPRributariesstay cooletthan the mainstenin many
summes andoffer temperature refugia for troutRigure20). Savage Rivexear the NBPR confluence
achieved theMaryland troutstocking guideline throughout the summer except omtédugust 2006.
Wills Creelnear the NBPR conflueneehievedrequencies of76%in June47% in July62% in August,
and96% in September.

An aggregabn of the 1996¢ 2017data by subwatershedound that well overhalf of daytimesummer
temperatureswere in the 4C- 20°Crange exceptin PattersonThe lowest summetime achievement
ratesoccurredin Julyand Augustn the Downstreamgroup 68%), in July in Georges Cred%) in
August in Savage Riv@9%) and in July ithe Upstreamgroup 68%) (Insufficient data were available
to evaluate New Creek summer temperatures for 1§2®17) The very cool temperatures in Savage
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might reflect greater contributions of colder ground water in summer, overall higher elevations, and/or

a greaer amount of forest cover compared to the other subwatershéd®atterson Creelonly 31% of
temperature records achieved the@- 20°Crange inJune, 0% in July21% in August, an83% in
SeptemberLocated on the eastern edge of the NBPR watershed, in a more agricultural landscape and at

somewhatt 2 4 SNJ St SOl GA2yasx

Gubwatersted (G KS b.t wQa g+ N¥Sal

Water temperature variethroughout the dayin response to changes #olar radiation ancéir
temperature.USGS has collect&gh frequency (hourly, 15 minuté@mperaturereadingsat three
gages in the NBPR watershed since October 1, 20aBIg §. As part of their Western Maryland Shale
Baseline project, the Environmental Assessment and Starllagiam (EASP) BIDEpositioned
temperature loggers atinelocations in the NBPR watershed between August 2013 and October 2014
(excluding November and December of 20T@mperature measurements were recorded hounly
streams and riversanging from 1 to 5" StrahlerStreamOrder. Recently MDDNRnstalleda
temperature loggein the lower Savage Rivexear the Aaron Run confluenemdanother at
Keyser/McCoolén NBPR mainstenThesdoggersare currentlyfunctioning,and ther data can be
accessed through th8torm Central Water Lagperated byYSI Inc. / Xylem In¢CPRB also installed
loggers in the summer of 2019 in the NBPR mainstem between Keyser/McCddriarberland. Tdse

recentdatawere not analyzed

idKS

GAYS 2F GKAA NBLRNIQa O2YLX S

Analysis of high frequendiourly)summer temperature readings generally confatmefindings ofthe
longterm monthly daytime temperature readingéTable §. In the mainstem at Kitzmiller above JRL,
Maryland2013¢ 2014loggerdeploymens showmaximum daily temperatureis June, July and August
exceead 20°Con most daysln 1%t ¢ 3" order NBPRributaries, however, temperaturesended to stay
cooler andwere less likely to exceed thedd2Cthreshold.This was especially true for streams
predominantly forested watershedéke Savagdn the 6year USGS datasetbe sitesdownstream of
JRL (Barnum) and Savage (Bloomington) deens able to maintain temperatures below 20
throughout the summer with very few exceptions. At Bartapstream of Savage reservair,
temperatures exceeded 2Q@on roughlyhalf of the days.

Tableb. Selected stations with lorigrm temperature records (19962017) collectedluring the daytime anat

least monthly

ICPRB Group Location Lat Long Description

Downstream  WillsCreek 39.6619 -78.7803 USGS gaging station 01601500 at \ihsek
near Cumberland MD

Mainstem NBPRKitzmillep 39.3894 -79.1794 USGS gaging station 01595500 at Kitzmille
MD above Jennings Randolph Lake

Mainstem NBPREloomington 39.4792 -79.0680 Bloomington MD just upstream of
confluence with Savage River

Mainstem NBPRKeyser/McCoolg 39.4449 -78.9718 MD Route 220 bridge between Keyser WV
and McCoole MD

Mainstem NBPRKinto) 39.5668 -78.8389 USGS gage station near Western Marylant
Railroad at Pinto, MD

Savage SavageRiver 39.4806 -79.0681 Savagdiver at MD135 bridge near

Bloomington, MD
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https://stormcentral.waterlog.com/public/DNR_Sell

Table6. Stations with high frequency temperature measurements
MDE, Maryland Department of the Environment; DNR, Maryland Department of Natural Resources; USGS
Geological Survey.

Sub

watershed Agency ldentification Lat/Long Start End Freq. Count

Georges MDE MDE_EASBEORO01-D 39.58256, 8/8/2013 11/24/2014  Hourly 9,563
(Koontz Run) -78.99127 12 am 9 am

Mainstem DNR  North Branch Potomac 39.44499 5/13/2019  ongoing 15-min TBD
River (near Keyser) -78.97260  12:30 am

Mainstem MDE MDE_EASPRUMNO01-D 39.389265, 8/8/2013 11/24/2014 Hourly 9,886
(NBPO689, Kitzmiller)  -79.17948 12 am 9 am

Mainstem USGS USG®1595800 39.445111, 10/01/2012 ongoing Hourly TBD
NBPR @ Barnum -79.110806 1 am

Savage DNR Lower Savage River 39.48616, 5/13/2019 ongoing 15-min TBD
(near Aaron Run) -79.08295  12:30 am

Savage MDE MDE_EASBAVAL02D 39.646804, 10/9/2013 11/24/2014 Hourly 8,402
(Blue Lick) -79.06725 10 am 9 am

Savage MDE MDE_EASBAVALO3D 39.52902, 8/14/2013  11/24/2014 Hourly 8,526
(Pine Swamp Run) -79.125414 6 pm 9 am

Savage MDE MDE_EASBAVA203D 39.64297, 8/9/2013 10/21/2014  Hourly 9,051
(Mud Lick) -79.02176 10 am 9 am

Savage MDE MDE_EASBAVA302D 39.643194, 9/10/2013  10/21/2014 Hourly 8,280
(Savage @ Mt. Aetna R( -79.020028 1 pm 9 am

Savage USGS USG®1596500 39.570056, 10/01/2012 ongoing Hourly TBD
Savage @ Barton -79.101944 1 am

Savage USGS USG®1597500 39.502750, 10/01/2012 ongoing Hourly TBD
Savage @ Bloomington -79.123972 1 am

Upstream MDE MDE_EASPRUN201-D 39.37607 8/8/2013 11/24/2014 Hourly 8,290
(Short Run) -79.20747  1pm 9 am

Upstream MDE MDE_EASPRUMN202-D 39.34881, 8/8/2013 11/24/2014 Hourly 8,572
(Laurel Run) -79.28555 2 pm 9 am

Upstream MDE MDE_EASPRUN301-D 39.297528, 8/8/2013 10/21/2014  Hourly 8,997
(Nydegger Run) -79.350167 2 pm 9 am
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https://stormcentral.waterlog.com/SiteDetails.php?a=310&site=1665&pa=DNR_Sell
https://waterdata.usgs.gov/md/nwis/uv/?site_no=01596500&PARAmeter_cd=00065,00060,62615,62620
https://stormcentral.waterlog.com/SiteDetails.php?a=310&site=1600&pa=DNR_Sell
https://waterdata.usgs.gov/md/nwis/uv/?site_no=01596500&PARAmeter_cd=00065,00060,62615,62620
https://waterdata.usgs.gov/md/nwis/uv/?site_no=01597500&PARAmeter_cd=00065,00060,62615,62620

Table7. Percent of days with summer maximum daily temperatures not exceedi@y 29 month, calculated
from high frequency (hourly or shorter) temperature measurements
MDE:May, June and July data are for 2013 only; Augssptemberand Octobedata are for 2013 and 2014SGS
October2012¢ DecembeR018.See Tablé for site locations and data detailkCPRB Grouypata analysisgrouping
SSQStrahler Ordeaccording to thdJSGS National Hydrography Dataset Plus (NHD Plugekimjhtionstream
layer(8/13/2018) DominantLandCoverdominant land coveapstream of locatiormaccording to theNational Land
Cover Datg2011) where 41 indicates deciduous forest, 42 evergreesstp21 developedr open spaces, and 81
pasture and hay

ICPRB Maryland Identifier Dominant

Group (Station Name) SSO LandCover May June July Aug. Sept. Oct.

Georges MDE_EASBEOR01-D 2™ 41 100.0% 86.7% 48.4% 81.8% 79.6% 100%
(Koontz Run)

Mainstem MDE_EASPRUN401-D 5" 81,21,41 71.0% 33% 32% 55% 43.3% 95.2%
(Kitzmiller)

Mainstem USGS 01595800 5t 41,21 100.0% 100.0% 100.0% 100.0% 96.6% 97.6%
NBPR @ Barnum

Savage MDE_EASBAVAL02D 1% 41, 42 100.0% 100.0% 100.0% 100.0% 100.0% 100%
(Blue Lick)

Savage MDE_EASBAVALO3D 1 41 100.0% 100.0% 100.0% 100.0% 100.0% 100%
(Pine Swamp Run)

Savage MDE_EASBAVA203D 3¢ 41, 42 100.0% 80.0% 29.0% 72.2% 85.0% 100%
(Mud Lick)

Savage MDE_EASBAVA302D 39 41,81,42 100.0% 73.3% 29.0% 38.7% 82.4% 100%
(Mt. Aetna Rd)

Savage USG®91596500 40 41,42,81 98.8% 82.0% 38.8% 53.8% 73.3% 100.0%
Savage @ Barton

Savage USG®91597500 5t 41,21 100.0% 100.0% 98.4% 99.5% 100.0% 100.0%
Savage @ Bloomington

Upstream MDE_EASPRUN201-D 2 41 100.0% 100.0% ND 100.0% 88.3% 100%
(Short Run)

Upstream MDE_EASPRUN202D 3¢ 41 100.0% 100.0% 96.8% 100.0% 96.7% 100%
(Laurel Run)

Upstream MDE_EASPRUN301-D 39 41,21,81 90.3% 86.7% 452% 95.4% 86.7% 100%

(Nydegger Run)
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Figurel6. Pairwise comparison of temperatures collectgostream(Kitzmille) and downstreamof Jennings
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Difference between temperatures observed upstream of Jennings Randolph Lake at Kitzmiller and down
at Bloomington or Barnum on the same date, by monthtHerl996¢ 2017period Boxand-whiskers indicate

5th. 25" median, 78, and 99" percentiles; open circles, minimum and maximum differences.
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Figurel8. Monthly frequendesof 4 ¢ 18°C and 4; 20 °Ctemperaturesup- and downstream of Jennings
Randolph Lake

Temperatures between®C and 18C,whenBrook Troutre activelyfeeding and growng (upper graph), and
between #Cand20/ = al NBf F yYRQ& 3JdzA RSt AySa F2NJ &2 Olnay 3
River mainstem immediately upstream of Jennings Randolph Lake (Kitzmiller) and downstream of the lal
(Barnum and Bloomington). Temperatures were typically measured in daytime during monthly site visits.
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Figurel19. Monthly frequendesof 4 ¢ 20 °Ctemperaturesbetween Barnum and Pinto

Temperatures between®€ and 20C(a  NB f | Y RQa 3 dzA RS ) in tfieNbrth Biarkdh Rotidraad Rive
mainstem at Barnum/Bloomington (also shown in Figure 13), Keyser/McCoole, and Pinto MD. Data from m¢
site visits.
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3.3.3 SpecificConductivity

Maryland and West Virginia do not have water quality standé&dsurface wateispecificconductivity,
however values ove800- 500 pS/cm are considered detrimental to aquatic ISEPA 2011, WVDEP
2018, MDE 2009, Hill et.2017). Concentrations of SpCarwhcentrations have been highly variable
over timein the NBPRwvatershed In the NBPR mainstempstream ofJRL.SpCond exceed 500uS/cm
andoften reacted valuesgreater than 1,000 uS/ciiroughout the time serie¢Figure21). Below
Kitzmiller,SpCond ofterxceeded 500 uS/cin the freeflowing river before JRL was built (data
collected primarily at Barnum). After the lake was completed, SpCarnetly exceeded 500 uS/cm in this
stretch @ata now collected aBloomington)(Figure 22)Further downstream, SpCond concentrations
the mainstemat Keyser/McCooldérequentlyexceedd 500 uS/cmbut apparentlydid not exceed 1,000
uS/cm (Figur@?2). BelowKeyser/McCooleSpCondhas beerless than about 800 uS/ceince~1985
howevermanysamples exceed 5Q05/cm(Figure23). Since 2000 e frequency oSpCondyreater

than 500 pS/cmin the mainstenmhas beer89% at Kitzmille 3% at Bloomington, 45% at
Keyser/McCoole, 45% at Pinto, 37%&tores Hollow Road, and 37% at Oldtown. Concentrations
appear to be increasinglightlyover time.

SpCond was highly variabletire UpstreamsubwatershedFigure 24)In the Savage River
subwatershed, Aaron Run and Mud Lick Runvedesthat often exceeded 500 uS/cm, however
samplesn the rest of thesubwatershedvere less than 250 uS/cm (Figure) Zew data were available
for the Georges Creek subwatershed upstreafrits confluence with NBPR, budrecentrationswere
high overalland increasing at its confluence with NBFRjure 8). They were low in the Patterson and
New subwatershedsstaying below 100 mg/liter for the most part. Thegre variable and generally
highin the Downstream subwatershd&igure 27)Between 2000 and 201 median concentrations of
SpCondt the tributarymouthswere lower than in theNBPRnainstem, except for Georges Creek
(Tables).

Pairwise comparisons of SpCondkatzmiller and Barnum/Bloomington reveal a curvilinear relationship
between the two locations (Figure 28elow ~40QuS/cm, there is a very roughta-1 relationship
between the two but Barnum/Bloomington concentrations level off when Kitzmiller concimtisa

exceed 500 pS/cnspCond entering the lake can reach values greater than Lu8@bn while values
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below thelaketypically do not exceed 5005/cm, suggesting the lake serves as a SpCond sink to some
extent. Median SpCond concentrations at Keyser/iolé were significantly higher (41%) than
Barnum/Bloomington (MariWhitney, p < 0.01), indicating one or more sources enters the river

between the two locations. Comparisons between the other mainstem stations show no significant
changes between Keyser/Mo@le and Pinto, followed by a gradual decline to Oldtown. Potential

sources of SpCond entering between Barnum/Bloomington and Keyser/McCoole include Savage River,
Georges Creek, and industries and municipal facilities between Bloomington and Keyser/McCoole

Table8. Specificonductivity gS/cm)at six North Branch Potomac River mainstem locations,
tributary mouths, and subwatersheds, 2092018

Valueggreater than500 pS/cm are considered harmful to aquatic. IBeme stations in the
subwatersheds are sampled more often or at different times than othersgeNDy fewerdata
points; *, excludes tributary mouth statiogsdzii A y Of dzRS&a aK2GalLkRia

% Greatr Than

Stations/groups n Median Range 500 uS/cm
Mainstem Stations
Kitzmiller 213 442 (81¢1,293) 39%
Bloomington 213 343 (119¢ 585) 3%
Keyser/McCoole 209 484 (130¢ 849) 45%
Pinto 213 475 (167¢ 849) 45%
Moores Hollow Rd 211 432 (186¢ 715) 37%
Oldtown 165 411 (172¢ 744) 37%
Tributary Mouths
Savage@Bloomington 212 128 (49¢ 233) 0%
Georges@Westernport 556 898 (203¢ 2,170) 92%
New@Keyser 19 246 (151¢ 412) (too few)
Wills@Cumberland 403 214 (87¢1,270) 25%
Patterson@NBPR 15 203 (112¢ 363) (too few)
Subwatersheds*
Upstream 770 343 (35¢ 5,860) 31%
Savage 237 393 (24¢ 2,809) 47%
Georges ND
New 169 262 (50¢ 748) 10%
Downstream 684 519 (32¢ 4,804) 53%
Patterson 852 220 (64¢ 885) <1%
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NBPR Mainstem - Headwaters to Jennings Randolph Lake
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Figure21. Time series ofpecific conductivity in the upper North Branch Potomac River mainstem

NBPR Mainstem - Barnum to Keyser/McCoole
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Figure22. Time series ofpecific conductivity in theower North Branch Potomac River mainsteBarnum to
Keyser/McCoole
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NBPR Mainstem - Pinto to Oldtown
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Figure23. Time series ofpecific conductivity in the lower North Branch Potomac River mainstem, Pinto to
Oldtown
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Figure25. Time series ofpecific conductivity in the Savage Risebvatershed
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Figure26. Time series ofpecific conductivityn Georges Creekubwatershed
Most samples collected near the confluence with the North Branch Potomac River mainstem.
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Downstream
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Figure27. Time series ofpecific conductivity concentrations in Downstreanbwatershed
Excludes Savage, Georges, New, and Patterson. Data are primarily from Wills and Evitts creeks.
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Figure28. Pairwide comparison of specific conductivity (SpCanoli@cted routinely aKitzmiller above
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Solid line: 4o-1 relationship if data show no difference. Points below and to the right of the line: Kitzmiller
value is larger than BarnutBloomington; points above and to the left: Barnum/Bloomington value is larger

30



3.3.4 Total Dissolved Solids

Total dissolved solids (TDS) are the sumllafalts, minerals, metals, cations and anions dissolved in
water. TDS measurements, expressed as neg/ldare obtained by weighing the residue left after a
water sample has been passed through a standgads filter and dried. The relationship between
SpCond and TDSusuallyclose, and thk relationshipwas evident in the NBPR dataciomparisons of
the two parametersollected during the same sampling eveRigure 2 shows thér relationshigs at
four mainstem locations: Kitzmiller, Barnum, Bloomington, and Keyser/McCoole. Divergénee
regression lines can be due to several fastoicluding changes in the chemical makeup of waget. ! Q a
1997stream monitoring guidelines for volunteef@dopted by the West Virginia Save Our Streams
program www.dep.wv.gov/sosand Maryland ldiological stessor identification procedures (MDE
2009 usean upper threshold 0600 mg/literto identify TDS levels stressful to aquatic. M@giniauses
the lowerthreshold of 350 mg/lite(Hill et al. 2017)

Pairwise comparisons of mainstemeasurements above JRL at Kitzmiller and below JRL at
Barnum/Bloomington on the same date show the same elimeiar relationship evident in Figure 2or
SpCond.Below ~250 mg/liter TD$here appears to be a rough correspondence between values above
andbelow the lake. However, when Kitzmiller concentrations exceed 250 mg/liter,
Barnum/Bloomington concentrations diverge from thatatl relationship and level off (Figugg®). TDS
entering the lake can reach values as high as 1,100 mg/liter while vadieg BRL typically do not
exceed 400ng/liter. Like SpCondhe TDS results indicate the lake serves as a sink to some extent for
dissolved salts, minerals, metals, cations, and anions entering the lake from upstream sources.

Time series of TDS in thBPRsubwatershed are very similar tahosefor SpCond shown in Figurg4
¢ 27. Like SpCond, TDS was highly variable in the Upstream subwatetsitedcentrations ranging
from 16¢ 2,990 mg/liter.The Downstream subwatershed, dominated by Wills anttsereeksentering
near Cumberlandanging from G 1,174 mg/liter.LikeSpCondTDSn thissubwatershed showan
upward trend with increasing frequencies of high valleswy data were available for Georges
subwatershed upstream of Westernport, andwesd ranged from 14.61,830 mg/liter.Few data were
available for the New and Pattersesnbwatershed; however, all are below 260 mg/litéexcludingwo
hotspots (Aaron Run, Mud LicRDS concentrations in the Savage subwatersipitallyremaired
below 190 mg/liter andshow no trend.

The overallmedian TDS concentratiat Kitzmillersince 200@vas284 mg/liter. The mediardrops 23%

to 218 mg/literat Barnumi Bloomington indicatingWw [ Qa N2 f Sin theX.5rhilesbeiwgend A y |
Bloomingtonand Keyser/McCool@ DS climb43%to a median concentration of 31g/liter anda

range of 0.2 604 mg/liter. From there, nainstemTDS concentratiorshow a gradual declingith

distance Median concentrations were 312 mg/liter at Pinto, 260 mg/liter at Moores Hollow Rd., and
251 mg/liter at Oldtown. Georges Creek is partly responsible for the jump in TDS between
Barnum/Bloomington and Keyser/McCoole. The median concentration at its meIRDNR GEOQ0009)
was 686 mg/liter. Since flow coming in from Georges Creek is only atieathof the NBPR flow at
Keyser/McCoole, the creek is only partly responsible for the rise in TDS.
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Figure29. Relationships between sgific conductivity (uS/cm) and total dissolved solids (mg/liter)
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Figure30. Pairwise comparison of total dissolved solids in North Branch Potomac River mainstem above
Jennings Randolph Lake at Kitzmiller and belowake &t Barnum or Bloomington
Solid line: 4o-1 relationship if data showed no difference. Compare to Figure 28 (specific conductivity).



3.3.5 Dissolved Oxygen

Concern for low DO during summer low flow perieds a justification forimplementingAVFs during

late summerACOE 1997b)Warm temperatures decrease the maximum amount of oxyten water

can hold (saturation) whilalsoincreasng the aguatic communi Q &tab¥licrequirements foroxygen
andthe oxidationratesof inorganic chemicals such ammonia and nitrite Low flows exacerbate these
conditionsbecause theyften minimizeexposure of surface waters to atmospheric oxyged diffusion

of oxygeninto the water DO can become particularly low in river sediments where it threatens fish egg
survival and harmmacroinvertebrate communities.

PercentDO saturatiorof waters above and below JRas somewhat variable prior @bout1996 but is

now very stableand high, typicallgtayingabove 90%Figures31 and32). A pairwise comparisorof

Kitzmiller and Barnum/Bloomingtashows @rcent DO saturatiogenerallytrackedthe 1-to-1 lineafter

199%, indicatinglittle if anydifferencebetween the two(Figure33). When Kitzmiller percentagestd fall
below 90% Barnum/Bloomington percentagegere able toremain high, causing the relationship to
diverge from the 4o-1 line.Two particularly large tferences occurred in April and August of 2088.

slight upward trend in percent DO saturation was observed at both Kitzmiller and Barnum/Bloomington
after 1996

In the combined WVDEP and downloadéf)Pdatabasesonlynine of a total6,279sampling events
between 2000 and 20lhad DOconcentrationdess than the Maryland and West Virgimiater quality
standard of 5 mg/liter (Tabl8). Otherwise, rivers and creeks in the NBPR watershed didpp#ar to
experience impairment due to low DOQ in the water column along the length of the NBPR mainstem
currently meets Maryland and West Virginia standards (Figure 34). DO could lredediments that
havesettled on the riverbed howeverwe hadno data to confirm this.

Table9. Sampling events withiskolved oxygen less than 5 mg/liter
Measurements madbetween 2000 and 20lin the North Branch Potomac watershed.

Date Location Subwatershed Latitude Longitude (mgI;D/I(izer)
9/10/2008 Georges Creek Georges 39.59146  -78.9486 4.1
6/12/2007 Staggs Run Patterson 39.39275  -78.8557 1.5
9/10/2007 Plum Run Patterson 39.54431  -78.7436 4.5
8/28/2007 Thorn Run Patterson 39.21169  -79.0363 4.5
8/28/2007 Un. Trib.Patterson CNorth Fork  Patterson 39.18714  -79.1301 5.0
9/12/2012  Aaron Run Savage 39.51933  -79.0866 3.4
7/15/2009 Abrams Creek Upstream 39.20937  -79.2264 4.0
11/11/2002 Abrams Creek Upstream 39.22819  -79.2214 4.0
9/21/2005 Lostland Run Upstream 39.39552  -79.2560 4.6
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3.3.6 Turbidity

Turbidity isoften measured ashe intensity oflight deflected 90 asthe beampasses through a water
sample The reported value is obtained after subtractthg deflectedbeamintensityfor a standard
reference typically a filteredd 6 f | vy {répord valdeBdicates the amount of light scattered bye
sample @articulate mater. Readings vary depending on light source (wavelength), light beam angle,
and other factors (sekttps://or.water.usgs.gov/grapher/fnu.htm)l The amount of light absorbed by
sample watelis asumed to be minimahowever, true color, that is the color of water which is due to
dissolvedsubstances that absorb light, will cause turbidieadingdo be lower than they would be
otherwise(USEPA 1993We limited air analysis toeadinggaken in the field aneéxpressed as NTUs
which aremade withwhite light (400¢ 800 nm) anda nephelomete. These values comprisdue
majority of recordslownloaded from the WQBr obtained from WVDEMaryland and West Virginia
have discharge criteriaub no instream standardfr turbidity, so a value of 50 NTUs was used as
threshold for evaluation purposes.

Pairwise comparisons ahainstemmeasurements above JRL at Kitzmiller and below JRL at Bloomington
on the same datshow turbidity at Kitzmiér ismore often higher than Bloomingtofigure35 A).
Between 2000 and 201 median concentrationsvere 2.0 NTUat Kitzmiller andL.7 NTUat Bloomington
(Tablel0). The lakeappears to beaweaksink for particlesreducing turbidity by roughly 15%
Mainstem wurbidity concentrationsare lowestat Bloomingtonand then rise sharply as the river passes
Luke and WesternporPairwise comparisonsf turbidities atBloomington and Keyser/McCogkhow
turbidity at Keyser/McCoolés almost alwaysnuchhigher (Figure5 B)and the nedian increase3.8

fold (276%) from 1.70 6.4 NTU(Tablel0). Thechange which occurs over 7.5 milesuggests #arge
influx of turbidity to the mainstem below Bloomington and before the river reaches Keyser/McCoole
Mainstemturbidities gradualy fall as NBPR flowisom Keyser/McCoolpast Pinto MDand Moores
Hollow RdAt Oldtown MDthe medianturbidity is3.5 NTU

Hypotheticalsourcesof turbidity to the mainstem between Bloomington and Keyser/McCaudéude

the Savage River tributary, the Georges Creek tribytamg effluentor runofffrom various industries

and the municipalitieslong this stretch of the mainstenfrigure 8 shows pakwise comparisons of the
NBPRnainstemat Keyser/McCoolith Savage River awidith Georges CreeRurbidity readingsat the

mouth of Savage Riv€iMDDNR site SAV0000) are almost always signifidamgr than those at
Keyser/McCooleGiven thathe Savageriverflow isroughly 28% of NBPR mainstem fl@&avag inputs

will almost always dilute the mainstem turbidity concentration to some degree and not increase it

(Figure B A). Readingsiearthe mouth ofGeorges Creef DDNR site GEO0009, USGS site 0159900)

are somewhat higher than at Keyser/McCoole 5.5 milesnstream sothistributary is apossible

source of turbidity to the mainster(Figure & B). It is not the sole source, however, because flow from

Georges Creels only about aenth of that in the mainstemat Keyser/McCooléAnothersourceis the

Westernport Wastewater Treatment PlafW/WTP)Operated by the Upper Potomac River Commission
(UPRCGCYhe plan processes municipal waste from surrounding towns. It@iscessé industrialwaste

from VersoLuke Milluntil it KS YA f £ Qa4 NI OS yTihe VONTRidcHaNgEd0 the/NBRRIzy S H n Mm@
mainstem (Figure B, andits Marylanddischarge permi{05DP023Pallows a dailyturbidity maximum

of 300 NTU and monthly average of 150 NThese levels are significantly higher thiiaa usual
Marylanddischargestandards which says dischesgi Y| @ y 2 SEOSSR wmpn dzyAda b
dzy AGld wb¢! 8 I & COMAREYGIDEIaolih diagsdskditShe paper milvere a likely

1 A white fine silicate clay with the chemical compositii5O5(OH) that can be colored orangeed by iron
oxide. At the paper mill, kaolin is applied as a coating to create paper with different levels of gloss.
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contributor to turbiditydischarged by th&VesternportWWTPR Othersources ofurbidity couldhave
included direct dischargefrom the Verso Luke Mill (state discharge per@BDP0300) andnregulated
runoff fromthe CSX raline andindustrialactivitieson the Maryland or West Virginidverbanis.

Inthe streams and small rivers of NBRRwatershedsinstreamturbidity valuesin the 2000¢ 2017
periodvared more than in the mainstenwith levels ranging well ovéhe maximum concentrationsn

the mainstem(Table10). TheGeorges subwatersheths the highesinedianconcentratiors, but all
tributaries experience instanced veryhigh turbidity.A cursory examination of wheréese high values
occur show that theyare mostlyassociated wittareas disturbed by historic or active mining operations.

Tablel0. Turbidity (NTU3ix North Branch Potomac River mainstem locatitmisutary mouths

and subwatershed£000¢ 2017

Some stations in the subwatersheds are sampled more often or at different times than &éhers.
50+, percent of samples greathan or equal to 50 NTUD,little or no datg *, below detection

limit
Stations/groups n Median Range % 50+
NBPRMainstem Stations
Kitzmiller 211 2.0 (0.2¢94) 1.4%
Bloomington 211 1.7 (0.3¢43) 0.0%
Keyser/McCoole 207 6.4 (1.8¢ 139) 1.0%
Pinto 212 5.2 (1.1¢144) 1.9%
Moores Hollow Rd 210 3.4 (0.9¢ 203) 1.9%
Oldtown 165 3.5 (2.0¢174) 1.8%
Tributary Mouths
Savage@Bloomington 222 1.7 (0.3¢ 750) 1.5%
Georges@Westernport 240 11.0 (0.4¢ 377) 8.3%
New@Keyser ND
Wills@Cumberland 209 2.2 (0.1¢ 456) 3.3%
Patterson@NBPR ND
Subwatersheds
Upstream 232 4.6 (* ¢ 536) 1.7%
Savage River 430 4.7 (* - 300) 4.0%
Georges Creek 249 8.1 (*-711) 8.8%
New Creek ND
Patterson Creek 39 3.7 (0.9¢ 230) 7.7%
Downstream 779 4.2 (* - 864) 3.5%
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Figure35. Pairwise comparisons of turbidity in the North Branch Potomac River mainstem: A)
Kitzmiller (above Jennings Randolph Lake) vs Bloomington (below lake) and B) Bloomington vs
McCoole

Solid line: 4o-1 relationship if dea show no difference.
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Figure37. Effluent from Westernport waste water treatment plant
Left: photo by Dave Harp (obtained fraday Journal 2016 artice® w2yl Y2o0Stt &/ 2

LI LISNJ YAET £ Q& AYLI Ol 2y t2G2YF Odé 0 w Atelvétar treateh :
plant operated by the Upper Potomac River Commission which processes Verso Luke Mill and municij
waste. Arrow indicates river discharge points (latit@®e478560, longituder9.039992).

3.3.7 Total Suspended Solids

Total suspended solids (T&Sadirect measureof the amountof particles suspended in the watét.is
the residue collected on glasdfilter after a knownsamplevolume passes through tHéter andit
consistf both organic and inorganic particles greater than aboat 2 micrors, the usualpore size of
the filter. TSS results are typically like those for turbidithjch isanindirect measure oéuspended
particles but the relationship is not asloseas the one between SpCond and TMS&ryland and West
Virginia havealischarge criteria buto instreamstandards specific to TS& a background concentration
of 27 mg/liter calculated from the NBPR d#sae below)vas used to evaluate TSS.

TSS measurementstime Upstreamsubwatershedandthe NBPRmainstemaboveKitzmillerwere not
collected consistently over timand spaceluring the2000¢ 2017 period. Concentrationsvere highly
variable rangngfrom 0.5¢ 1,073 mg/liter.By the time Upstream flomeachedKitzmiller, where NBPR
enters JRIthe median concentration was 4dhd hada range of 0.2, 126 mg/liter(Tablell). Pairwise
comparisons of TSHtering JRL at Kitzmillanddownstream ofJRL at Barnum/BloomingtamowTSS
concentrations tend to be lowdmmediately belowJRL. &sagehrough JRL redusd SSn average
25%and dstributions of the values were significantly differeMgnn-Whitney, p < 0.001). This
complementghe finding abovehat turbidity drops15%after passage through JRL.

TSSoncentrations show a large and siggant increase as NBPR flows by Luke and Westerhport
Piedmontto Keyser/McCooléMannWhitney,p < 0.001)Median concentrations jump7%over the
course of 7.5 milegrom 3.6 to 6.0mg/liter. The range of values Barnum/Bloomingtorwas 0.3 42
mg/liter while the range aKeyser/McCool&vas considerably larger at 1¢230 mg/liter. The source of
this TSS is not Savagever whichhad a median TSS concentrations 3.2 mg/ligear its mouth(MDDNR
SAV00Q)ThemedianTSS concentrath at Georges Creeouth (MDDNR GEOOOOGEOO00ORIN
WesternportMD, wasl6 mg/liter, or 2.7-fold higher thanKeyser/McCoolgand thusthistributary is a
likely source Howeverflow from Georges Creekomprises only aboud tenthof the flowat
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Keyser/McCoolgsoit cannot besolely responsible for th€SSncreasen thisstretch of theriver. Like

turbidity, the TSSesults indicate darge source ofuspended particulate® the NBPR mainstem

between Barnum/Bloomington and Keyser/McCottiat is not from a tributaryMedian TSS

concentrations in the NBPR mainstem below Keyser/McCoole, at Pinto, Moores Hollow Rd, and Oldtown
were relatively stable at 6.0 mg/liter and haanilar ranges (TablelL

TSS concentratiarin dreams and small riversf the Savagsubwatershedverethe lowest of all NBPR
subwatershedgTable 11)In lieu of state water quality criterfar TSSthe 93" percentileof values in

the minimally disturbedSavagesubwatershed, i.e., 27 mg/litewasused as an upper threshold for
background TSS concentratianghe NBPR watershe@heDownstream subwatershealsohad an
overalllow median TSS concentratidmut experienced darger range of value8raddock Run &kt 40
andWills Creek in Cumberland, both of which are near the confluence with NBPR, were primarily
responsible for the highr values Of theremaining four subwatershedsUpstream, Georges, New, and
Pattersong all had higher medianand New had the fewest instances of exceeding the proposed 27
mg/liter background concentratian

Tablell. Total suspended solids (T8fg/liter) six North Branch Potomac River mainstem
locations major tributary mouths and subwatershed2000¢ 2017

Some stations in the subwatersheds are sampled more often or at different times than &éhers.
27+ mg/liter indicates the percent of vakigreater than 27 mg/liter (background),excludes
tributary mouth stations**, one value of 1,000 mg/liter removex$ outlier.

Stations/groups n Median Range %27+ mgl/liter
NBPR Mainstem Stations
Kitzmiller 219 4.0 (0.2¢ 126) 4.6%
BarnumBloomington 220 3.6 (0.5¢42) 0.5%
Keyser/McCoole 219 6.0 (1.2¢ 230) 5.0%
Pinto 221 6.0 (0.8¢ 202) 4.5%
Moores Hollow Rd 208 6.0 (0.7¢ 240) 5.3%
Oldtown 167 6.0 (0.5¢ 204) 7.8%
Tributary Mouths
Savage@Bloomington 227 3.2 (0.3¢ 111*) 3.1%
Georges@Westernport 512 16.0 (0.8¢ 1,104) 27.0%
New@Keyser 28 3.4 (0.3¢79) 7.1%
Wills@Cumberland 399 5.5 (0.6¢ 755) 17.3%
Patterson@NBPR 55 2.6 (0.4¢ 55) 4.8%
Subwatersheds*
Upstream 460 6.0 (0.5¢1,073) 6.1%
Savage River 177 2.8 (0.3¢ 167) 5.0%
Georges Creek 160 7.0 (0.3¢117) 15.6%
New Creek 39 6.5 (2¢ 28) 2.6%
Patterson Creek 255 15.0 (2¢254) 13.7%
Downstream 756 4.4 (0.3¢ 604) 6.5%
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3.3.8 Total Alkalinity

Alkalinity is the ability of water to buffer, areutralize changs inhydrogen (H) ion concentration. lis
expressed as mg/litesf calcium carbonate (Cag)@ven though bufferingan beaccomplished bgther
dissociated anionsuch agphosphate, silicate, borate, hydroxidend dissolved ammonialkalinity

anions are technically a component of TDS and their natural sources are weathering of rocks and soils.
Neither Maryland nor West Virginia have alkalinity criteria; however, alkalinities greater than 20 mg
CaCa@lliter are generallythought to provideenoughbufferingto maintain stable pH levels amlotect

aquatic life River water typically contains 1@®50 mg CaC#liter of alkalinity (Wetzel 2001).

Of thealkalinity records extracted from the WQE24 had values of 0.ehg CaCelliter and no recorded
detection limits. We included them in the analysis despite the likelihood that their actual values were
above zero. Another2hadadetection limit(usually 1 mgaC@liter) but nomeasuredvalue so we
used half th& givendetection Imit asthe estimated valueAll of thezero and half detection limit values
occurred before the year 2000.

Alkalinityhasnot beenconsistently collectedvertime or spacen the NBPR watershedespite the
data gaps, the results shavoncentrationgrending upwardeverywherein the watershedsince the
early 1980sexceptin the Savage River subwatershedich has maintained low but slowly increasing
levels since at least 19¢bigures 3& 41). Presently, the Downstreamubwatershedhasthe highest
concentrationsoverall(Figure 41).

In the NBPR mainsteduring 2000- 2017, medianconcentrationof alkalinitywere 26 mg CaCelliter

at Kitzmillerabove JREnd19 mg CaCéliter below JRlat Bloomington(Tablel2). The percent of
valuesgreater than20 mg CaC#liter also droppedrom 69.0% at Kitzmilleto 41.2% at Bloomington
indicating a loss of buffering capacifyhelakeappears to allovprecipitates of carbonate anithe other
basedo settle and become trappedfter enteringthe lake. Further downstream i the short distance
between Bloomington and Keyser/McCoolegdiian @ncentrationsincrease 2.Zold andthen continue
rising more slowly as theainstemflows passedPinto, Moores Hollow RdndOldtown.Percertiages of
concentrationsabove20 mg CaC#iter areveryhighbetween Keyser/McCoole and Oldtown. Overall
the mainstem below Keyser/McCoole is well buffered against pH swings.
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Tablel2. Total alkalinity (mg CaGflter) at six North Branch Potomac River mainstem locations
tributary mouths and subwatershed£000¢ 2017

Valueggreater than20 mg CaCélliter are considered sufficient tweutralize increases in hydrogen
(H" ion concentrationsSome stations in the subwatersheds are sampled more often or at different
times than othersND,less than 10 data point%, excludes tributary mouth stations.

%Greater Than
Stations/groups n Median Range 20 mgCaCG@lliter
Mainstem Stations
Kitzmiller 210 26 (9¢ 69) 69.0%
Bloomington 211 19 (8¢ 46) 41.2%
Keyser/McCoole 208 41 (18¢ 78) 95.7%6
Pinto 212 46 (19¢ 79) 99.5%%
Moores Hollow Rd 209 55 (4¢86) 99.0%
Oldtown 165 55 (26¢ 87) 100.0%
Tributary Mouths
Savage@Bloomington 211 14 (3.5¢35) 17.1%
Georges@Westernport 213 40 (0.8¢ 203) 95.8%
New@Keyser ND
Wills@Cumberland 208 38 (14¢ 157) 87.5%
Patterson@NBPR ND
Subwatersheds*
Upstream 305 8 (1¢796) 23.0%
Savage 11 17 (4¢52) 27.
Georges ND
New 15 49 (7¢167) 66.7%
Downstream 509 61 (5¢252) 84.%%6
Patterson 59 77 (14¢ 138) 91.9%

43



120

o Kitzmiller

o Bloomington

100

80

60

Total Alkalinity (mg CaCO,/liter)

40

20

B
°
0 le° p— -_&:00630%%
1960 1964 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Figure38. Time series ofdtal alkalinity at Kitzmiller and Bloomington on NBPR mainstem
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Figure39. Time series ofdtal alkalinity at Keyser/McCoole, Pinto, and Cumberland on NBPR mainstem
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Figure40. Time series ofdtal alkalinity at Moores Hollow Rd and Oldtown on NBPR mainstem
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3.3.9 OtherParameters

Data for ritrogen, phosphorus, metals, hardnessid otherwater qualityparametersare available but
analysis of these dataasoutside the scope of this studg. I NEB f |-B/dRs@datediuskas criteria for
these parameters antheetinga | N2 f |-RErRefiain the NBPR mainsteisa stated goain the JRL
Water Control Plaffe.g.,USACHE997b 7-08 d (3)) An analysis of the influence of JRL operations on
these parameters in thiwer NBPRmainstemis warranted Nutrientsconcentrations and trends the
NBPRvatershedshouldalso be considered now in light of the CapsakeBay nutrientand sediment
Total Maximum Daily Load ¥DL plans

3.4 River and StrealBediments

3.4.1 RiverMainstem

During late summer monthshé NBPR mainstermanexperience conditions whengater levels are low
flows are slowand air temperature is higtDischarged manic solids that settle on thBIBPRiverbed
are believedcapable obmotheiing fish eggs and lowearg bottom DO to levels that harm
macroinvertebrate communities o preventsedimentation and>Oddead zonesfrom occurring in the
mainstem USACEchedules two AVF releases a yisassummer The targeted duration, frequency, and
intensity of AVFarethoughtto remowe accumulate& organic solids.

The effectiveness of AVFs in flushing settled organic solids downstream has been anecdotally confirmed

by operators of JRL and SRR. However, we are not aware of actual measurements that characterize
physical habitat along the length of the NBPR mainstem below JRL. There is no information that

establishes a relationship between AVFs, sediment transportpatidm conditions. During the 200§

2017 period, dissolved oxygen measurements in the water column of the NBPR mainstem indicate there

was no problem maintaining Maryland and West Virginia water quality standgigisre 34)This result
suggests but dogs Qi O2y FANYXY GKS NAGSNI o2G0G2Y KFa | RSldz 4GS

Closure of the Verso paper mill at Luke in June 2019 should significantly reduce industrial loads of
organic solids to the NBPR mainstem. This assumes the plant is not reopened as another paper mill
applying the same chemical processes to produce paper. Over time, the section of the NBPR mainstem
most likely to be impacted by settled organic solids should recover as the solids decompose or storms
flush them downstream.

3.4.2 Streams

Eosional processesove sedimentsinto NBPR streamwhere theyare transported downstrearto the
mainstemand eventuallyto the Potomac estuaryHabitat scoregeflectinginstream erosion potential
andsediment contenhave beerrecordedin the NBPR watershda stream monitoring programsnce
1993 Most monitoringsiteswere selectedandomly. Maryland and West Virginiscores were obtained

from the Chesapeake Basimide Index of Biotic IntegrityQhessie BlBtlatabase compiled from miiple
federal, state, county and citizen monitoring datasets (ICPRB 2017). Habitesare reportedon the O

¢ 20 scaleas defined byBarbour et al. (1999116 ¢ 20isoptimal; 11¢ 15 is suboptimalbut still

acceptable6¢ 10 is marginal; and 5 ispoor. (Note: Theindividual monitoring programs have

tweaked their definitions of some habitat parameters over the years, but we assumed the score values
were still comparable YWe examined fivesedimentrelated habitat metricsthat are commonly
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collected Bank stability measures the amount of actual or potential stream bank er@sor285)
Channel alteration indicates tradegreeof largescale humasrelated changes in the stream channel
shape(n = 254) Embeddedness is the relative extent to which gtagobble, boulders, and snags are
covered or sunken into silt, sand or mud on the stream bot{ans 322) The iparian vegetation score
indicates the amount of vegetation in the nestream portion of the riparian zone that helps minimize

bank erosior(n = 291) Epifaunal substrate is the relative quantity and variety of natural structures (e.qg.,

cobble, large rocks, fallen trees, logs and branches, undercut banks) that are available as refugia,
feeding, or spawning and nursery sifes= 285)Ninety-two percent of sites had scores for three or
more of thesefive metrics.

While each subwatersheédxperiencel a widerange of scoreghe mears of the individualsediment
relatedmetricsin each subwatershed we either suboptimal or optimal with the exceptiaf a
marginalriparian vegetation scerin PattersonTable B). Most subwatershedbavea substantially
higher percentageof optimal scoregompared to pooiscores Savage River subwatershedsltiae
higheg overallmean score anthe largepercentagesof optimal scores fobank stability,
embeddedness, riparian vegetation score, and epifaunal substiitates no scores classifying as poor.
The New and Upstreastreamshave slightly loweroverall mearscoresfollowed by theDownstream
and Pattersorstreams.Georges subwatershed had too few sites to calculate meaningful statiBties.
high scores for embeddedness and epifaunal substrate in the Savage, Upstream, and New
subwatersheds suggest sedimenatts from these subwatersheds are lovtkanthose from the
Patterson and Downstream subwatershe8sme results for Georges Creek are surprisingly high
considering its water quality conditions. This may be due to the low sample numbers for that

subwatershe> odzi AG &adzZ33sSaida GKS 6FiSNBAKSRQa adNBI Ya

ForMaryland and West Virginiagortions of theNBPR watershed, the average scisré5.5 for bank
stability and 15.2 for channel alteratiaqor approachingpptimal. The average scoigl4.2 for
epifaunal substrate, 13.4 for embeddedness, and 13.3 for riparian vegetationcoosslidly
suboptimal.Theseresults should beonsidered encouraging #sey indicatea significant amount of
recovery from20" centurysedimentation due tdogging strip mining practicesand AMD The
somewhatlower scores for epifaunal substrate and embeddedriEnonstrate thatsomestreamsstill
containlegacysedimensor experiene highrates of erosionTheaverage of theséwo metrics scored
asoptimal at only 27% ofsites,which suggestsedimengtionisan issueat some level in roughly three
guartersof NBPR streamd.he lover riparian vegetation scoregspeciallyn Patterson,New and
Downstream suggest greaterlossof riparian protections for streams in these subwatersheds.
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Tablel3. Sedimentrelated habitat metric scoresn the North Branch Potomac River subwatersheds.

See text for descriptions of habitattetricsand Figure 5 for map of subwatersheés submarg, percent of
suboptimal and marginal scoreBhe overall mean is calculated from the meanallc@vailable sedimentelated
habitat scorest individual sites* Too few data to calculate meaningful percentages.

Riparian
Bank Channel Embedded Vegetation Epifaunal Overall
Subwatershed Satistic Stability  Alteration ness Score Substrate  Mean
Downstream  maxmum 20 20 20 20 19
minimum 2 5 1 0 3
% optimal 43.5% 20.9% 13.1% 56.9% 25.9%
% sub+marg 54.3% 72.1% 83.6% 20.7% 70.7%
% poor 2.2% 7.0% 3.3% 22.4% 3.4%
mean 154 13.5 13.3 13.7 12.3 13.6
count 46 43 61 58 58
Georges maxmum 20 20 20 20 18
minimum 15 10
% optimal * * * * *
%sub+marg * * * * *
% poor * * * * *
mean 19.0 14.7 12.2 18.0 11.9 14.8
count 10 10 13 13 13
New maxmum 20 20 20 20 20
minimum 7 3 1 2 4
% optimal 52.8% 55.2% 35.9% 37.1% 46.9%
% sub+marg 47.2% 41.4% 59.0% 37.2% 50.0%
% poor 0.0% 3.4% 5.1% 25.7% 3.1%
mean 15.6 15.8 13.7 11.9 14.8 14.3
count 36 29 39 35 32
Patterson maxmum 19 20 19 19 18
minimum 4 7 3 2 4
% optimal 41.1% 55.4% 8.4% 13.9% 25.7%
% sub+marg 56.8% 44.6% 90.5% 67.1% 71.6%
% poor 2.1% 0.0% 1.1% 19.0% 2.7%
mean 14.5 15.4 125 9.6 13.1 13.0
count 95 74 95 79 74
Savage maxmum 20 20 195 20 20
minimum 9 10 10 7 8
% optimal 60.0% 28.0% 73.5% 96.7% 79.4%
% sub+marg 40.0% 72.0% 26.5% 3.3% 20.6%
% poor 0.0% 0.0% 0.0% 0.0% 0.0%
mean 16.8 14.3 16.4 194 16.9 17.0
count 25 25 34 30 34
Upstream maxmum 20 20 19 20 19
minimum 2 5 4 0 6
% optimal 58.9% 56.2% 33.8% 51.4% 61.0%
% sub+marg 38.4% 42.4% 62.3% 40.0% 39.0%
% poor 2.7% 1.4% 3.9% 8.6% 0.0%
mean 15.7 15.9 13.1 14.3 15.3 14.8
count 73 73 77 70 77
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4 Discussion

Analyses of USGStreanflow gage measuremenia the NBPR watershambnfirm the substantia¢ffects
of JRL operations anainstemflows below JRLThe effectsare stronglyevidentat the Barnum and Luke
stream gagesDuring high flow events, the dam reduces and delaysideofwater levelin the
mainstemdownstream othe damand substantially redusgeak levels.During low flow periods,
releases from thelam increasehe baseflowandannualminimum levelslownstream The &idence of
flow regulationweakers with distance downstream as watershed size increasedrinatary flows

enter the mainstem.

Flooding along the 10Mile NBPR mainstem is difficult to controld@et § KS NX @SNJ G f £ Se Qa
and narrow floodplainsDuring the 2004, 2018 water years (10/1/20089/30/2018), coordinatedJRL

and SREamoperationssuccessfullpreventedwater levels fromexceedinghe NWSflood stageof

10.5 ft atthe Lukegagelocatedon the NBPR mainsteabout 8 miles below JREigure 2showsJRL
operations reduce annualday and 2day maximum flow ratebelow JRland this may equate to fewer
instances othe mainstemfloodingalong most of the lower mainstenTowns davnstream ofthe lake
however,were not necessarily protectedzlood stageat the Georges Creek gagethe town of
Westernport, MD(8 ft) was exceeded on eleven dates. Georges Creek flows through Westernport
before enteingthe NBPRibout 10 miles below JR&imilarly, ews reportsdocumentfloodingin

Keyser, WNAndmuch ofthat floodingis attributed to New CreekNew Creelpassathrough Keyser

before entering the NBPES miles below JRWills Creekwhichpas&sthrough downtown

Cumberland, MD before joining the NBiRestimated to have exceeded flood stage (10 ft) on 15 dates
in water years 20042018 JRL and SRR operati@as prevent flooding in the 8 mile river reach from
JRL to Luke and we suspect tlsggynificantlyalleviate flooding on NBPRcing riverbanks near McCoole,
MD and Keyser, WY owever, the influence ofRL and SRIRod mitigation efforts idost by the time

the river reaches thgage near Cumberlantbcatedin the NBPR mainsteapproximately 41 miles
downstream of JRIHood stageat this gag€17 ft)was exceededn estimated sevetimesin water
years2004¢ 2018.

Augmenting, or increasinfpwswiththS Ww[ Q&4 &4Sf SOGA DS SAUGKRNI gkt aead
features of thewater qualityin the lower NBPR mainstenvhen natural flows are lowpH, temperature,

pollutant concentrations, and settled organic solids (USACE 19908), A relatively laye volume of

Ww[ Q& 02 y a(55M) is dictafed fad@dvingdownstream water quality. The long, deep

JRL reservoir is also intended to serve as a sink for precipitates of AMD contaminants and heavy metals.
Thecurrenta F G SNJ al ydzr £ F2NJ wSASNIW2ANI wS3dzA | GAZ2Y &l &a
the available water quality storage as needed every year to produce the greatest possible improvement

in water quality, bothif I 1S YR R2 gy a i NB3). Bxceptior two lddy®in Nodedbed 1
2010,coordinated JRL and SRR dagmarations successfully maintain floasLuke that werayreater

than the prescribed 120 cfainimum. The following discugsn evaluatesi KS NR2 f S flewd Ww[ Q& f
augmentation strategiem raising pH, cooling summer water temperatures, diluting pollutants, and

flushing organic solids.

4.1 pH

pH values have increased significarmtisoughoutthe NBPR watershed since the raid" century. pH
valuesin the Upstream subwatershed siilb not meet the Maryland and West Virginia criteriebds all
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the time, but theoveralltrend is upwardThe Savage, Georges, Downstream, New and Patterson
subwatershed$iaveall maintained pH values between 6.5 and Sirice 199%xcept in a few locations
In the NBPR mainsterbefore it entersIRL aKitzmillerandfor its entire lengthbelow JRLpH values
have stayed between 6.5 and 8.5 witbry few exceptionssince 1995

JRL operations played little if any role in tiBPRs 1| SNA KSR Q& LISomaovitheNR GSYSy (i a &
improvementcan be attributed taeductionsin acid deposition (acid raing result of the Clean Air Act

of 1970 and subsequent regulation. The upward pH treapsarent in the Savage, Patterson, and New
subwatersheds, exclusive of their known hotspots, are examples of areas that probably benefited from
reductions in acid precipitation. pH improvements elsewhiarthe watershedare duein partto lime

dosers instlled in acidmpacted streamsother acid mine drainage remediation effor@sndenactment

of the federal Surface Mining Control and Reclamation Act (SMCRA) ofH&¥s&n et al. 20)0The

higher pH levelin recovered waters tend tencourageprecipitation of toxic metal pollutants such as
copper, zinc, cadmium, iron, and aluminwut of the water column, further improving aquatic habitat
conditions There arestill acidimpactedminingsites both abandoned and activén the watershedut

pH trendsshouldcontinueto improve and stabilize Maryland and West Virginienforce mining and

acid rain regulations anslupportacid mine drainage remediation.

Section 708 d 3 (a)n Appendix Aof the Master Manual for Reservoir Regulati®$iSACEID7D) lists

four operationalapproachedor JRLto controldownstreampH: 1) store low pH waters entering JRL as

long as possible and release them when high flows ancehjgH are occurring downstream; 2) if the

lake is chemically stratified, release arfded outflow from different lake depths usitige R Y Q& (K S
selective withdrawal system; 3) increase outflow rates when acid slugs devdlmdownstream

reach of NBPR; and 4) regulate JRL in conjunctionSIR#o achieve water quality standards afidw

targets at LukeTheseoperational guidelineshould be reevaluatedContrary to scenarios expressed as
recently as 2019 (e.g., JG&A 2019), JRL flow regulation does not eliminate extreme variations in pH and
acidity.pH at Kitzmiller above JRL atdBarnum/Bloomington below JRL have closely teaicdach

other since at least 1986 and their regression approximates the 1:1Tliveanalysigndicates JRland

its operationsdo not increasg@Has water travels through and out thake Lake operations in fact

appear to slightlyeducepH from a median of 7.6 above JRL at Kitzmiller to a median of 7.4 below JRL at
Barnum/Bloomington during the 20002017 period. Thelakeis not capable of bufféng against low pH

and the purported need to use JRL to improve downstream pH is weak at best.

4.2 Temperature

Ww [hdudal thermal stratificatiorhasallowed dam operators tanodify downstream temperatures
dzZaAy3d GKS RIYQa &S ftoSekaskbidRledamitiipwsRont ddférdént JRIEd&pEhS Y
Dam operationsiave been highly successinlY SSGA Yy 3 al NBf I yRQa (4¢R0t@ aid2 01
in the NBPR mainstem immediatelgwnstream of JRO'heresultafter about the mid1990shas been
cooler waters in summer and warmer waters in win@minishing traces of the cold water releases in
summer are seen as far downstream as Keyser/McCamdesometimes beyond he drop ofas much as
5°Cduring summer andhe higher temperatures iwinter hasincreasel the proportion of time the river
mainstemmeets optimal temperatures for trouThe effect is augmented by Savage River releases
which typically meet the guidelines throughout summehnelikely outcomeof the coolersummer and
warmerwinter temperaturesslongerperiods of active feeding and growithe fish ina larger reach
of the NBPR mainstenwhichultimately encouragsand suppors survival and reproduction.
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Elsewhere in the NBPR watershemnsner temperaturesneet the Maryland trout stocking guidelines to
varying degreesRoutine monitoring data show thatinee 1996the recommended 4 20 °C rangevas
attainedbetween 79% and 100% of the tinrefour of five NBPR subwatersheds April, May June,
September, and Octobdthere is insufficient data for the New, the sixth subwatershddeexception
wasPatterson In the Upstream, Savage, Georges, and Downstream subwatersbetses

attainment rateswere lowestin Julyor Augustbut still me the guidelines more than half the time.
Results of the high frequency temperature readings from nine loggers deployed in 2013 and 2014
support these findings. The logger data show the NBPR mainstem above JRL at Kitzmiller @&0the 4
°Cguideline infrequently in June, July, and August (< 15%) whete&% and even 3 order streams
across the NBPR watershed met them more often (41.990%). The frequent occurrence of
temperaturesmeetingtrout stockingguidelinesn the subwatershdsindicatesNBPR tributariesand
especially Savage Riveffer summertime temperature refugia for trouaind other coldwater taxa In
the smaler tributaries, contributions of groundwater to surface flamould beproportionally large and
would have acooling effecion stream temperaturegh summerand a warming effect in wintef.he
amount of forest cover also appears to influence summer temperature attainment rates.

We hypothesize that some of the succesgative and stocketrout species in théNBPR watershechn
be attributed to better thermal connectivity in summdduring summer, colgvater fish are normally
forced by warmer mainstem temperatures to retreat upstretortemperature refugia in small
tributarieswhere their ability to move and avoid other stressors is limitaftith the JRL cokdiater
releasesthe NBPR mainstemind tributaryhabitats arewell connectedwith respect to temperature
Fshno longerhave toretreat upstreamandgainthe freedom tomigrate ifand whenwater qualityor
other factors become stresstul

4.3 Pollutants

Recent pollutant levels in the NBPR watershed and its mainstem are discussed in this report section.
Figure 44s a schematic of the major sampling locatiahengthe NBPR mastem.Only those locations

in the river mainstem or near the confluences of the five larger tributaries are shdedian values of

the availabledata collectedsince 200@re indicated for pH, SpCond, TDS, turbidity, TSS, and alkalinity.

4.3.1 Conductivityand Total Dissolved Solids

SpCond and TDS are conservative measures of water quality becausentthéy persist in the

environment and are not easily changed physically or chemi&digond measures the ability of water

to conduct electricity and is a rapid and consistent waguantifyingg G SN a A AsBho@ni®2 y i Sy
Figure 29SpCond alignslosely withTDSwhich are salts, metals, and other compounds that

disassociate in water into ions, or atoms and molecules with an electric chdigielevels of both

SpCond and TDS indicate pollutaomd because of their conservative nature, both parseng offer a

useful way to trace pollution to its sourc&pCond does not indicate which elements and compounds
constitute the TDS, and composition varies depending on the sources of dissolved £SEEA,

Maryland, and West Virginia consider SpCondeskxceeding 500S/cm and TDS concentrations
exceeding 500 mg/liter as stressful to aquatic IFeeshwater fish, macroinvertebrates, and other taxa

are physiologically adapted to low io@oncentrations and typically do not have osmoregulation
mechansms that can deal with high ionic concentrations. Excess SpCond and TDS also cause taste and
odor problems in drinking water.

51



SAV GEO NEW WIL PAT
JRL
R s S T ° T QT ® I ° T o
K B/B Luke K/Mc P C MH ()
7.6 7.7 8.2 7.8 74 4
) Pt 4 ¢ f
e e °® ® @ 'Y o —
7.6 7.4 i) 2 7.6 7AW,
128 898 246 214 203
SpCond # T T T
(uS/cm) o> o @ ® ® I @ o—
442 343 484 475 432 411
DS 72 686 142
(mg/liter) _o commmm o ? @ T OT ® i @ T °
284 218 312 312 260 251
Turbidity ITJ 11T'° ; o2 ;
(NTU) — e e ° ° ® I ® o=
2.0 17 6.4 5:2 3.4 3.5
Tee 3.2 16.0 3.4 5.5 2.6
(mg/liter) —_o-cmme—e ? ° T OT ° I ® T o
4.0 3.6 6.0 6.0 6.0 6.0
Alkalinity 1; 4; T i T
(mg/liter) —e< e ® ) ® I ® ®
26 19 41 46 55 55
Flow 94*  4g* 166*  92*
(cfs) e e T ® ? oT ® I ® T o
290 332*%* 438 (500) 787

Figure42. Schematic of North Branch Potomac River and major tribut@tistnces not to scale) showing
median values for all available 202017 data

Mainstem: K, Kitzmiller; P, Pinto; C, Cumberland; MH, Moores Hollow Rd; O, Oldtown. Trithata@es only
for long-term sitelocatedclosest to mouth: SAV, SavaRRiwer; GEO, Georges Creek; NEW, New Creek; WIL,'
Creek; PAT, Patterson Creek. *, adjusted to reflect flow at tributary mouth; **, adjusted to reflect flow at
Bloomington. The 500 cfs at Keyser/McCoole is median of daily sums of Luke and Geordks\Greek
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SpCond and TDS concentrations are high and increasing over time in parts of the NBPR mainstem and
many2 ¥ G KS 41 (S NSpGBdReRceedy e\ thay éarbbe considered background in the
post-acid rain era as well dse 500uS/cmstressthresholdfor aquatic life Background levels are

caused by armal weathering of rock and spdnd athropogenic disturbanceincrease SpCond and TDS
abovethese backgrountkevels SpCond inwo subwatersheds indicatthe NBPRvatersK S R Q &

background levels should average about 200 uS/cm and not exceed 500 $p/ond in the Savage
subwatershedexcluding the Aaron Run and Mud Lick hotspatgraged 111.8S/cm (SD =34.1, n =
861)from 1967 to present. This subwatershed is currently 85% forested and 9% agricultural, with 0.16 %
impervious cover (NLCD 2006). Over the same 50 year period, SpCond in the somewhat more populated
Patterson Creek averag@33.9uS/cm (SD 95.9 n =1,112. Patterson is about 76% forested and 18%
agricultural, with 0.46% impervious cover. SpCond concentrations in thveseatersheds are relatively
stableand have not changed much since the 19GU3S was not measured as frequently as SpCond in

the NBPR watershed but based oRigure 29ve can estimate background TDS concentratigimould

average about 100 mg/liter and not exceed 350 mg/liter.

Theupwardtrends inseveralsubwatersheds since the 1988kould be considered an emerging threat

to aquatic lfe asvaluesstart to exceed 50QuS/cm Mining as asource of high SpCond and TDS is
implicated inseveralplaces irthe NBPR watershed\n additional source of TDS and high SpCond is
likely the lime dosers used to treat AMD at abandoned mines becausedtemse very large quantities

of calcium carbonateGaCG). Aaron Run in the Savage and an unnamed tributary to New Creek each
flow near one or more active and/or discontinued surface mining operations. Each has SpCond above
500uS/cm and TDS concentratimare correspondingly high in the Savalgethe Upstream

subwatershed SpCond above 5Q@(/cmis found in AbraraCreek, Laurel Run, Stony Run and Sand Run,
all of which have active or discontinued mining operations in their catchmbntke heavily mined
Georges Creek subwatershed, SpChas exceeded 500 uS/cm ir82% of samples collectatkar its

mouth at Westeriport since 2000.

Theriver mainstem between Bloomington and Keyser/McCaslaother hotspot for TDS and SpCond.
Water from Georges Creék onesourceof the dissolved solid#o this river reachHowever flow from
Georges Creesontributesonly abouta tenthof total flow in the mainstemanddoesnot contain

enough SpCond and TDS to raise mainstem concentrations to the levels seen at Keyser/Mt@oole.
cluster of townships along thigachof the mainstencollectively have a small population, but dreme
to coal transfer stationdpgging industrythe Verso paper mill, and Westernport WWTHscharges
from the towns themselvesind particularlyfrom the Westernport WWTRgre apparentlythe larger
sources of SpCond and TD8Bis reach of the NBPR mainstem is strongly influenced by JERIR&hd
releases during low flow periods, and diluting pdloitsin thisreachwasone of the originahuthorized
purposes of JRLPollutant @ncentrations dischargetb this reachare changingdue to the recent
closure of theVersopaper mill.If the plant remains closedRrole in dluting pollutionherewill be
worth reassessing

Mainstem concentrationsf SpCond and TRecrease graduallgeyondKeyser/McCooleand do not
increaseas hey pass Cumberland, MBchted more than 40 miles downstream of JRL and SRR
Cumberlands a relatively large metropolitan area of over 103,000 residents (2010 census) with a recent
history of industrial and manufacturing plant closuessl changing dengraphicsWills Creekenters

the NBPRat Cumberlandind PattersorCreekentersa few milesbelow CumberlandCollectively, these

two tributariesincreaseNBPR mainsterftows by roughly 40%4SpCond and TD8rentrations irboth
tributariesare presently lower thain the mainstem(Figure42). Wills and Patterson creeleppear to
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be more importantthan JRL an8RReleasesas a means diluting dissolved soli¢oncentrationsat
this point in the rivemainstem

Pairwise comparisons of Sp@d and TD8oncentrationsabove and below JRluggesthe lakemay be

to some extent a sink for dissolved solids. Values entering the lake at Kitzmiller are typically higher than
those measured downstream at Barnum/Bloomington. This has been the caedlsnt960s, under

varying ranges of lake acidity. Median concentrations of SpCond and TDS below the lake at
Barnum/Bloomington are 34@8S/cm and 218 mg/liter, respectivelgndoverlapbackgroundangesfor

the NBPR watershed (above)

4.3.2 Alkalinity

Alkalinitymeasures the disassociated anions of salts that give viatability to buffer, or neutralize,
acid(H+)inputs.In most instance, carbona€Q?) and bicarbonatdHCG") are the dominantanions

of alkalinity. Although technicd a constituentof SpCond and TDS, alkalinggenerally not considered
apollutant. It isdynamicallylinkedto manyother water quality parametersandl ¢ G SNb 2 Ré Qa
often dependent on italkalinitylevels For example, ifst order streamavith low alkalinity do not have
sufficientmineral contentto buffer them fromrapid changes in pihich can harm biological

populations High levels of acilow pH)can begeneratedby acid depositiond I OA Rortié A y ¢
decompositionof mine wasteduring and after miningThe resultingpitric acid,sulfuric acidand H+ ions
severely deplete surface waters of their alkalinfykalinityis now increasing in much of the eastern

United Stategvith the decline in acid depositiofe.g. Kaushal etl. 2013).

Median alkalinity concentrations we26 mg CaCeélliter at Kitzmiller above JRL ad® mg CaCéliter
below JRL at Bloomington. This 2dfbp aswater passes through JRL indieaprecipitates of
carbonate and the other basese beingtrapped to some extent byhe lake . Entrapment of dissolved
and particulate solids is a normal function of lakes, dradrop inJRLlalkalinity parallels a 23% drop in
TDS and a 22% drop in SpCondhércaseof JRlL.waters coming intdhe lakedo not have muhk
buffering capacity and passage through #Rlrther redudngthis capacityWhile JRisredudngoverall
levels of specificonductivity and TD® belowharmful levelsit isalso reduingthe alkalinity thatcan
buffer inlake and downstream waters against pH swings.

Historically, streams in the NBPR watershed with pH less than 6fieeresntlyassociated with
alkalinity levels below detection limitélkalinity is clearly trending upwaid the watershedand
parallelingimproving (increasing) trends pH. After 2000, mediaralkalinityconcentrationsin the NBPR
mainstembelow Bloomingtorwere well above 20 mg Caglider consideredo bethe minimumlevel
needed tomaintain stable pH levels and protect aqudife. TheGeorges New,Downstream and
Pattersonsubwatershedsow have fairly highmedianconcentrationsMedian concentrations are still
relatively lowin the Upstream and Savage subwatersheflseseareasappear tostill be recovering
from earlier acidificatiordespitehavingrelatively good pH levels.

4.3.3 Turbidityand Total Suspended Solids

JRlappears to havéess of arentrapmenteffect onsuspendedarticlesthan it does on dissolved solids
Pairwise comparisons of concentrations upstream of JRL at Kitzmiller and downstream at Bloomington
show turbidity readingslirop 15%and TSS concentratiodsop 10% (Turbidity and TSS are not tightly
correlated because turbidity indicates the amountadifparticles in the water whereas TSS measures
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only those larger than-2 micrors.) When suspended patrticles settle, thegver or embed gravel and
cobble bottomghat areimportant to many kinds ofiquatic life Lake arrents and figh flow eventsn
streams and riverperiodicallyresuspend the particleand move them downstreapeventually flushing
them out of the watershedAnalysis of fivsedimentrelated streamhabitat metrics suggestetthat
while somestreambedsn the NBPR warshedclassify as optimal, a substantial numioeay still be
receivingabovebackground loads of sediment.

Sources ofsuspended particles the NBPRvatershedare industrial discharges araisturbed

landscapes, including mining, agriculture, developmandWt S3 I O& finrd IRskohcligggingQ

and strip miningMajor hotspotsfor turbidity and TS&re Georges subwatershed and the entire NBPR
mainstem below Bloomingtonn recent yearsturbidity levelsin the mainstenjump 276%and TSS
concentratons67% athe river flowed 7.5 miles past Bloomington, Luke, Westernport, and Piedmont to
Keyser/McCooléFigure4?2). High turbidty and TSS levelsom the Georges Creek subwatershed enter

this mainstem section at Westernport MD and contribute to the increassvever,Georges Creek

cannot account for abf the increaseseen in the mainstemrhe largest source of turbidity appears to

be the Westerport WWTP which processes industrial wastewater from the Verso paper mill in Luke and
municipal sewage from neighboring towns. Unregulated discharges and runoff from other facilities
Ff2y3 GKA& NBFOKQa N J Sfdiispeydpd satiadts 6 S | RRAGAZ2Y | f

Individual streams in th&lpstream Downstream Patterson New,and Savage subwatershedlsohave
instances ohigh turbidity and TSS, some of which appear linked to active migirgams with high
concentrationdgnclude Wills Creek, Braddock Rdannings Run, Sand Spring Run, and Winebrenner

Run. Flows in these affected streams are small compared to the NBPR mainstem flow volume and thus
have relatively little impact on mainsteooncentrations

Maryland andWest Virginiado nothave numeric watequality criteria for TSS although they recognize
sediment bearing waters should not cause violations of state standards in receiving waters.

mentioned abovea F NBf YR & G SNJ I|j dzI f A drtdityanaylngt BicaedRiévelsNS |j dzA NB
detrimental toaquatic lif¢ oyiRIZND A RA G& Ay (GKS adz2NFIF OS 4 G SNJ NBadz

AN v oA A~

SEOSSR mpn dzyAda wbe¢! 8 i | ye (COSARI2I09EWedry A &
Virginia standards for turbidity state:

oNo point ornon-point source to West Virgineaters shall contribute a net load of suspended
matter such that the turbidity exceeds 10 NTker background turbidity when the

background i$0 NTU or less, or have more than a 10% increagebidity (plus 10 NTU
minimum) when thebackground turbidity is more than 50 NTUs. Tinigtation shall apply to all
earth disturbancectivities and shall be determined by measuritiggam quality directly above
and below the areavhere drainage from such activity enters thffected stream. Any earth
disturbing activitycontinuously or intermittently carried on by treame or associated persons
on the same stream dributary segment shall be allowed a single te#ding increase

and
SESYLIWiA2ya aXakl ffi SNKB7CORIYE @ (2 GNRdzi &
Literature suggests levels greater than ab@%t NTUwill begin to harm aquatic lifée.g.,Alabaster and

Lloyd1982) Usingurbidity as a surrogate measure of suspended sedimeotvevercan be
problematic becauseorrelations betwen thetwo arenot necessarily identicgHenley et al. 2010

A 2 4 A x

¢tKAad A& 0SOlIdzAaS (GKS NBflIGA2YaKALI Aa | TFSOGSR oeé

sediment grain sizes
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Sincethe largest inputs of suspended particulate® the mainstem occubetween Bloomington and
Keyser/McCooldpw-flow augmentationwith the comparatively cle@r watersfrom JRL and Savage
shoulddilute their concentrationdn this reach The importance of this role for JRLikely to change
with the recentclosure of the paper mill at Lulkendthe continued remediation of AMD in Georges
Creek

4.4 OrganicSolidsand Dissolved Oxygen

The Westernport WWTP which processasnicipal and industrial (paper mill) wadtas a Maryland
discharge permit with effluenimits for biological oxygen demand (BORJxbidity, DO, total nitrogen
(TN), total phosphorus (THgcal coliform, andE. coli Effluent meeting these limitations agssumed to
be dischargingrganicsolidsthat will not harm downstream designated us€xganicsolids settingon
ariver bottomare known tosmothered fish eggs arfthrmmacroinvertebrate communitiebecause
they consume large amounts of oxygasithey decompose.

DO concentrationg the wate column abovehe riverbedpresently meet Maryland and West Virginia
DO criterigthe entire length of the NBPR mainstem, indicating organic ltatiee river are nohigh
enough to depreswater columnDO.AVFs from JRIuring the summer lowlow periodareintendedto
flushsedimentsdownstream howeverthere are no empirical data documenting their effectiveness
There is also no data documentibglevelsin the sedimentsand whether they are low enough tearm
aquatic life The need for A\dHrom JREhould beinvestigated more closelys heir purported
importancein flushing sedimentsouldbe lessered with the paper millclosure Furthermore, high flows
that are comparable to the 8501000 cfs AVFs are recordatithe Barnum gage below J&hout 30.9
times in a given yeand these high flowpresumablyalso flush accumulated organic solids below Luke
Most high flowsappear to be related to heavy rain events alRlreleaseghat aremade to avoid
rapidly risingor high water levels in the lake.

Sills of untreated sewage are one notable sourcemfanicpollution to thelower NBPRmainstemin

the vicinity ofCumberland MD. For example, dring the particularly rainy period of June 2018 to May
2019, 64 of 72 spills reported in the NBPR watershed were from pump stations, wastewater treatment
plants, and combined sewer overflows in the Wills Creek subwatershed which empties into NBPR at
Cumbeland (PotomacSpills listserv). The spills totaled over 83 million gallétisis tofar upstreamto

have a dilution effect on these spills.
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5 Conclusions

Thelandscapeof the North Branch Potomac River is changidigtoricalproblemscaused byerosion
acid raindeposition andunregulated mining practiceare resolving naturally or being remediated
Industries and municipalitiesontinueto discharge pollutants; howevedemaographics irthe four
counties bordering NBPR arhanging and enajorindustry, the Verso paper mill at Luke, MBgently
closed Sreams and riversreflect this changingandscapdo a large extentpHlevelsin most of the
watershedhadclimbed to desirable levelsy the 1990sa result of aggressive AMD remediation efforts
and regulatory enforcementConcentrations of laalinity, the bases thagive water its capacity to
neutralize acidsarerisingin areaspreviouslyimpactedby AMD Streamsn undisturbedcatchments
with reestablished forestaow often meetthe summertemperatureneedsof cool and coldwater taxa.
On the other handsedimentation(fembeddedness, epifaunal substrate)still an issue in roughly three
guarters of streamsConcentrations of particulatei the water(TSSturbidity) spike aghe NBPR
mainstempassesseorges Creek antle variousindustriesandriverbank communitiesear Luke, MD
Trendsin dissolvedsolidsconcentrations $pCondTD$ are mixed with low, relatively stable
concentrations throughout most of the Savage, New, and Patterson subwatersbemigher
concentrationsandincreasingrendsin the mainstemandUpstream, Georges, and Downstream
subwatershed. The increasing SpCond and TDS treadd particularly the higér concentrations near
active and remediated mineaye an emerging threat to aquatic life.

Flood preventiorin the NBPHs the frst and foremost authorized purpose of JRbhordinated JRL and

SRR operatiornsuccessfullpreventthe river mainstemirom exceeding flood stagat Luke, MD7.5

miles downstreanof JRLTheydo not prevent flooding 15 miles below JRLthe mainstemat

Cumberland, MD Yy R Ol yy2i LINBZSyd Ff 22 RAnybRaridsghteringlld@lows | (1 S NA K
Lukethat bisect communitie®n the mainstemhaveoverflowed their banksnultiple times sinceRL

was built e.g.,Georges Creekhichenters NBPRt Westernport, MD New Creelat Keyser WVand

Wills Creelkat Cumberland, MDJRL and SRR flood control operatiaasvelylower water levels in the

mainstemasit receivedributary flood waters so they arealleviaing floodingin the communitiesbelow

LukeR 22 R O2y (NRf 2LISNIdA2ya NS adAatft SaaSydaalrt a2
riverbank.

Another authorized purpose dRlisthe dilution and remoal of pollutantsin dischargesand runoff
entering the mainstem denstream ofthe lake The objective is to achieve Maryland water quality
standards in the region of Luke, MD and impraesvnstreamaquatic habitatsLow flow augmentation
has not preventedpCond, TDS, turbidity, and T®& regularly exceeithg protective water quality
thresholds or criterian the vicinity ofLuke MD. Polluantsdischarged to the NBPR mainstem

entering from Georges Creek are still a significant probtethis mainstemreach Evidencehat

artificially varied flows (AVFgmovesettled organic solids the mainsternis anecdotaht best

because quantitativeiver bottom data are not collectedOrganic solidsay not be a problem because
DO concentrations in the water colunafi the mainstemconsistently meet standardspggestingd RS I R
i 2ySa¢ GinBrhpdssgRolidsdd not occur Sreamsin the watershedstill contain legacy
sedimentsand sites with active erosioifhese tributarysedimentswill eventuallymoveinto the

mainstem, but their impacts oaquatic habitatstiereare not knownJRLloperations currently have

little if anyinfluence on downstrearpH=z | 6 &Sy G | GNA ®dzi | NB ! a5 aof 2 ¢ 2 dzi

Release@ T 0f SYRSR 2dziFft 264 FTNRBY RAFTFSNBYG Ww|[ RSLIIKA
have beenverysuccessful imooling downstream waters and improving fish habitat: NB f | Yy RQa G NRd
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stocking guidelines}(c 20°C)are now achieveduringthe summe for approximatelyl5 miles below
JRlo Keyser/McCoole and sometimes beyord a result, cool and cold water refugia in NBPR
tributariesare more connectedduring the summerThisthermal connectivityis presumed tdenefit
both gocked and naturally ngroducing trout populationecausetiallows for migrationif and when
water quality or other factors become stresséuld promotespopulation resiliency

The lake environment of JRL remebeth particulate and dissolved solids from river water.
Compai 2y & 2F NAGSNI g SN SYdSNAy3 yR fSI@Aay3
and 10% of its TSS settle out in the lake. Similarly, about22%™> 2 F G KS g1 G SNDa
(SpCond, TD&)e removed. While the removal of suspendeattles and dissolved solids is generally
beneficial to the river downstreanthe lakeis alsoremovingalkalinityt a component of TDSby about
27%.NBPRvaterstherefore havelessability to buffer againspH swingsandslightlylower pHlevels
when theyexitthe lake.Despite ths loss of alkalinitghrough natural processem the lake watershed
sources are increasing alkalinity concentratiansl buffering capacitin much of the lower mainstem
Normaldaily and interannual swings pHare within ranges protective adiquatic life

USACE should reassd8d. operationsutlined in the 1997 Water Control Plan that weéntended to
improve downstream water qualitgnd habitat Somdakeoperationsare no longereffective
approachesr do not hawe auseful purposealue to improvementgpH, alkalinity or degradation
(SpCond, TD8gcurringin the watershecandoutside of JRR directinfluence.With closure of thé/erso
paper millat Luke the need forJRloperationsto dilute dischargedollutantsmay also be losing
importance JRloperationsthat keepdownstreamtemperatures coolin sunmer could become
economically and ecologically more importa® aquatic life continues to recovésiven current
conditions in the North Brazth Potomac River watersheohd; { ! / 0@diag development of flow and
temperature modeldor the river,areassessmentf Ww jw&ei quality storagallocation 65.44%of
the usableconservation pool)use of AVFsindthe 120 cfs minimum flowby requirement at Luke is
alsowarranted in our opinion.
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Appendix ASubdaily flow measurements at Kitzmiller and Barnum
for water years 20042018
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Appendix BJennings Randolph Lake water qualkfytd profiles

Datafrom USACE
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@

Station locations in Jennings Randolph Lake
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