6. Y-12 Environmental Monitoring Programs

Compliance and environmental monitoring programs required by federal and state regulation and by DOE
orders are conducted at the Y-12 National Security Complex for air, water, and groundwater environmental

media.

6.1 Y-12 COMPLEX RADIO-
LOGICAL AIRBORNE
EFFLUENT MONITORING

The release of radiological contaminants,
primarily uranium, into the atmosphere at the
Y -12 National Security Complex (Y-12 Complex)
occurs amost exclusively as a result of plant
production, maintenance, and waste management
activities. NESHAP regulationsfor radionuclides
require continuous emission sampling of mgjor
sources (a “major source” is considered to be any
emission point that potentially can contribute
more than 0.1 mrem/year EDE equivaent to an
off-site individual). During 2003, 42 of the
55 stacks suitablefor continuous monitoring were
judged to be maj or sources. Eighteen of the stacks
with the greatest potential to emit significant
amounts of uranium are equipped with alarmed
breakthrough detectors, which aert operations
personnel to process-upset conditions or to a
declinein filtration-system efficiencies, allowing
themtoinvestigate and correct the problem before
a significant release occurs. As of January 1,
2003, the Y-12 Complex had continuous
monitoring capability on atotal of 55 stacks, 43 of
which were active and 12 of which were
temporarily shut down.

Emissions from unmonitored process and
laboratory exhausts, categorized as minor
emission sources, are estimated according to
calculation methods approved by the EPA. In
2003, there were 43 unmonitored processes
operated by Y-12. These are included as minor
sourcesin the Y-12 Complex source term.

Uranium and other radionuclides are handled
in millicurie quantities at facilities within the
boundary of the Y-12 Complex as part of BJC,
UT-Battelle, and BWXT Y-12 laboratory
activities. Twenty-seven minor emission points
were identified from laboratory activities at
facilities within the boundary of the Y-12

Complex as being operated by BWXT Y-12. In
addition, the BWXT Y-12 Analytical Chemistry
Organization laboratory is operated in a leased
facility that is not within the ORR boundary and
islocated approximately 3 mile east of the Y-12
Complex on Union Valley Road. The emissions
from the Analytica Chemistry Organization
Union Valley laboratory areincluded inthe Y -12
Complex source term. Eight minor emission
points were identified at the laboratory. The
rel eases from these emission points are minimal,
however, and have anegligibleimpact onthetotal
Y-12 Complex dose.

Emissions from Y-12 Complex room
ventilation systems are estimated from radiation
control data collected on airborne radioactivity
concentrationsin thework areas. Areaswherethe
monthly average concentration exceeded 10% of
the DOE derived air concentration worker-
protection guidelines are included in the annual
emission estimate. Oneemission pointinBuilding
9204-4 was identified in 2003 where room
ventilation emissions exceeded 10% of the
guidelines. However, because this enclosure
exhausted to stack UB-088, its contribution was
not specifically identified and wasincluded in the
stack emissions.

6.1.1 Sample Collection and
Analytical Procedure

Uranium stack losses were measured
continuously on monitored operating process
exhaust stacks in 2003. Particulate matter
(including uranium) was filtered from the stack
emissions. Filters at each location were changed
routinely, from one to three times per week, and
were analyzed for total uranium. In addition, the
sampling probes and tubing were removed
guarterly and were washed with nitric acid; the
washing was analyzed for total uranium. At the
end of the year, the probe-wash data were
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included in the final calculations in determining
total emissions from each stack.

6.1.2 Results

An estimated 0.012 Ci (2.0 kg) of uranium
was released into the atmosphere in 2003 as a
result of Y-12 activities (Figs. 6.1 and 6.2). The
specific activity of enriched uranium is much
greater than that of depleted uranium, and about
85% of the curie release was composed of
emissions of enriched uranium particulate, even
though approximately 8% of the total mass of
uranium released was enriched material.

6.2 Y-12 COMPLEX
NONRADIOLOGICAL
AIRBORNE EMISSIONS
MONITORING

The release of nonradiological contaminants
into the atmosphere at the Y-12 Complex occurs
asaresult of plant production, maintenance, waste
management operations, and steam generation.
Most process operations are served by ventilation
systems.

In CY 2003, the Y-12 Complex had 33
individual air permits. Approximately three-fifths
of the permitted air sources release primarily
nonradiol ogical contaminants. Theremaining two-
fifths of the permitted sources process primarily
radiological materials. TDEC air permits for the
nonradiological sources do not require stack
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Fig. 6.1. Total curies of uranium discharged
from the Y-12 Complex to the atmosphere,
1999-2003.
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sampling or monitoring except for the opacity
monitors used at the steam plant to ensure
compliance with visible emission standards. For
nonradiological sources where direct monitoring
of airborne emissionsis not required, monitoring
of key process parameters is done to ensure
compliance with all permitted emission limits. In
the future, when the Y-12 Complex is issued its
first-ever major-source (Clean Air Act Title V)
operating permit, reporting of key process
parameters is expected to increase. Also, a new
requirement for the steam plant requires
continuous emission monitoring for nitrogen
oxides in which the compliance period beginsin
2004.

The 2003 Y -12 Complex annual emission fee
was calculated based on 10,033 tons per year of
allowable emission of regulated pollutants, with
an annual emission fee of $175,577.50. In
accordancewith TDEC regulations, Rule 1200-3-
26-.02(9)(i), when thereis no applicable standard
or permit condition for a pollutant, the allowable
emissions are based on the maximum actual
emissionscal cul ations (maximum design capacity
for 8760 h/year). More than 90% of the Y-12
Complex pollutant emissions to the atmosphere
are attributed to the operation of the steam plant.
Theemission feeratewasbased on $17.50 per ton
of regulated-pollutant allowable emissions. The
actual emissions are much lower than the
allowable amount; however, major sources are
required to pay their annual emission fees based
on allowable emissions until the issuance of the
Maj or source operating permit.
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Fig. 6.2. Total kilograms of uranium discharged
from the Y-12 Complex to the atmosphere,
1999-2003.
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6.2.1 Results

The primary source of criteria pollutants at
the Y-12 Complex is the steam plant, where coal
and natural gasare burned. Information regarding
actual vs alowable emissions from the steam
plant is provided in Table 6.1. In addition, the
annual toxic releaseinventory report (required by
EPCRA Sect. 313) providesinformation on other
nonradiological Y-12 Complex air emissions
(Sect. 2.2.16.3).

The opacity monitoring systems for both the
east and west at the Y-12 Steam Plant were taken
out of service on March 5, 2003, for replacement
with new opacity monitors. The new opacity
monitors have been installed and certified. The
certification reports were submitted to the
Technical Secretary in June 2003 for his review
and approval. Condition 8 of the current Y-12
Steam Plant air permit requires the opacity
monitoring systemsto befully operational 95% of
the operational time of the monitored unitsduring
each month of the calendar quarter. Due to the
installation of the new opacity monitors, the east
and west stack monitors did not meet the 95%
operational availability level for the second
quarter of 2003. TDEC personnel were informed

of the new opacity monitors and approved their
installation.

Condition 9 of the current Y-12 Steam Plant
air permit requires that calibration error tests of
the opacity monitoring systems be performed on
abiennial basis. The calibration error testsfor the
opacity monitoring systems were part of the new
opacity monitor certification reports submitted to
TDEC personnel in June 2003. The next testswill
be performed on asemiannual basisin accordance
with Title V requirements. There were no periods
of excess emissions due to the control device
malfunction during 2003. The opacity monitors
wereinoperativeduring 2003. Quarterly reportsof
the status of the Y-12 Steam Plant opacity
monitors are submitted to personnel at TDEC
within 30 days after the end of each calendar
quarter. Table E.4 in Appendix E is a record of
excessemissionsand out-of-service conditionsfor
the east and west stack opacity monitorsfor 2003.

6.3 Y-12 COMPLEX AMBIENT
AIR MONITORING

In 1994, Y-12 Complex personnel issued
Evaluation of the Ambient Air Monitoring

Table 6.1. Actual vs allowable air emissions from the
Oak Ridge Y-12 Steam Plant, 2003

Emissions
Pollutant (tons/year) Percentage of
allowable
Actuad Allowable
Particul ate 32 945 3.4
Sulfur dioxide 2,606 20,803 12.5
Nitrogen oxides® 718 5,905 12.2
Volatile organic compounds® 3 41 7.3
Carbon monoxide? 27 543 5.0

When there is no applicable standard or enforceable permit condition for
some pollutants, the allowable emissions are based on the maximum actual
emissions calculation as defined in Tennessee Department of Environment
and Conservation Rule 1200-3-26-.02(2)(d)3 (maximum design capacity for
8760 h/year). The emissions for both the actual and allowable emissions were
calculated based on the latest EPA compilation of air pollutant emission
factors. (EPA 1995 and 1998. Compilation of Air Pollutant Emission Factors
AP-42, Fifth Edition, Volume 1: Sationary Point and Area Sources. U.S.
Environmental Protection Agency, Research Triangle Park, N.C.

January 1995 and September 1998.)
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Program at the Oak Ridge Y-12 Plant (MMES
1994b) and worked with DOE and TDEC in
reviewing the ambient air program for
applicability and usefulness of thedata. There are
no federal regulations, state regulations, or DOE
ordersthat requirethismonitoring. All ambient air
monitoring systems at the Y-12 Complex are
operated as a best management practice. With the
reduction of plant operations and improved
emission and administrative controls, levels of
measured pollutants have decreased significantly
during the past severa years. In addition, major
processes that result in emission of enriched and
depleted uranium are equipped with stack
samplers that have been reviewed and approved
by EPA to meet requirements of the NESHAP
regulations. ORR air sampling stations, operated
by ORNL in accordance with DOE orders, are
located around the reservation. Their locations
were selected so that areas of potentially high
exposureto the public aremonitored continuously
for parameters of concern.

With agreement from TDEC personnel, the
ambient air sampling program at the Y-12
Complex was significantly reduced, effective at
the end of 1994. All sampling for fluoride, total
suspended particul ates, and particul ate matter less
than 10 microns in diameter (PM10) was
discontinued, and al but 3 of the 12 uranium
sampl erswere shut down. Effective April 1, 1999,
an agreement was reached according to which
TDEC personnel took over responsibility for
sampling and analysis of the three remaining
uranium samplers at the Y-12 Complex. The
uranium samplerswere operated by TDEC during
2003. On December 6, 1999, DOE submitted to

TDEC aletter providingjustification for reducing
thenumber of on-sitemercury-monitoring stations
from four to two. Effective January 1, 2000,
operation of the two monitors located in the
interior of the Y-12 Complex (near Buildings
9805-1 and 9422-13) was discontinued. The two
boundary mercury-monitoring stations (stations 2
and 8) remain in operation. Thelocations of these
monitoring stations are shown in Fig. 6.3. During
2003, the project to restart the hydrogen fluoride
system at Building 9212 was placed on hold. It is
scheduled for restart in the summer of 2004.

6.3.1 Mercury

The Oak Ridge Y-12 Complex ambient air
monitoring program for mercury was established
in 1986 as a best management practice. The
objectives of the program have beento maintain a
database of mercury concentration in ambient air,
to identify long-term spatial and temporal trends
in ambient mercury vapor, and to demonstrate
protection of the environment and human health
from releases of mercury at the Y-12 Complex to
the atmosphere. The two atmospheric mercury
monitoring stations currently operating at the
Y-12 Complex , Ambient Air Station No. 2
(AAS2) and Ambient Air Station No. 8 (AASSB),
are located near the east and west boundaries of
the Complex, respectively (see Fig. 6.4). Since
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Fig. 6.3. Locations of ambient air monitoring stations at the Y-12 Complex.
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Fig. 6.4. Temporal trends in mercury vapor concentration for the four active airborne mercury
monitoring sites at the Oak Ridge Y-12 Complex, July 1986 through July 2003. The dashed line

represents the EPA reference concentration of 0.3 ug/m®.

thelir establishment in 1986, AAS2 and AAS8
have monitored mercury in ambient air
continuously with the exception of short periods
of downtime because of electrical or equipment
outages. In addition to the plant monitoring
stations, a control or reference site (Rain Gauge
No. 2) was operated on Chestnut Ridge in the
Walker Branch Watershed for a 20-month period
in 1988 and 1989 to establish local background
concentrations at that time.

At each of the monitoring sites, airborne
mercury vapor is collected by pulling ambient air
through a sampling train consisting of a Teflon
filter, a flow-limiting orifice, and an iodated
charcoal-filled sampling tube or trap. The flow-
limiting orifice restricts airflow through the
sampling train to ~1 L/min, although actual flow
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rates are measured weekly with a calibrated
Gilmont flowmeter. The sampling traps are
changed out weekly. The charcoal in each trapis
analyzed for total mercury absorbed using cold
vapor atomic fluorescence after acid digestion.
Average concentration of mercury vapor in the
ambient air for each 7-day sampling period is
calculated by dividing the total quantity of
mercury collected on the charcoa by the total
volume of air pulled through the charcoal trap.
During the early years of the mercury air-
monitoring program, Teflonfiltersinthesampling
train were analyzed for particulate mercury. This
practice was discontinued in 1989 after results
revealed very low to nondetectable levels of
particulate mercury. Thefiltersarestill presentin
the sampling train but solely to prevent
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particulates from clogging the flow-limiting
orifice.

Asreportedin previousannual environmental
reports, average mercury vapor concentrations at
the Y-12 Complex mercury monitoring sites have
declined significantly, especialy after the initial
three years of the monitoring program, with
average mercury vapor concentrations at AAS8
declining almost tenfold and AAS2 threefold
since the late 1980s. Recent average annual
concentrations at the two boundary stations
located at the east and west ends of the Y-12
Complex are comparable to those measured in
1988 and 1989 at the Chestnut Ridge reference
site (see Table 6.2) and only slightly elevated
above concentrations reported for continental
background (i.e., ~0.002 pg/m?®). For 2003, the
average mercury concentration was 0.0036 pg/m?
for AAS2 (N = 52; SE. = £0.0002) and 0.0043
pg/m? for AAS8 (N =52; SE. = +0.0002). These
concentrations are comparable to average
concentrations measured in 2001 (AAS2 =
0.0034pg/m®, AAS8 =0.0042 ug/m?) and slightly
lower, though not significantly different
(Student’s t-test), to those reported for 2002
(AAS2 = 0.0040 pg/m®, AAS8 = 0.0050 pg/m?).
Table 6.2 summarizes the 2003 mercury results
and theresultsfrom the 1986 through 1988 period
for comparison. Graphs A, B, and C (Fig. 6.4)
illustrate temporal trends in mercury
concentration for the two active mercury

monitoring sites since the inception of the
program in 1986 through December 2003 and
seasonal trends at AAS8 from 1993 to 2004.

In conclusion, annual average mercury
concentrations during 2003 at the Y-12 east and
west boundary monitoring stationsare comparable
toreferencelevelsmeasured on Chestnut Ridgein
1988 and 1989 and approach values reported for
continental background. These concentrationsare
well  below current environmental and
occupational health standards for inhalation
exposure to mercury vapor. For example, they
were less than the National Institute for
Occupational Safety and Health recommended
exposure limit of 50 pg/m® (time-weighted
average for an 8-h workday), the American
Conferenceof Governmental Industrial Hygienists
workplace threshold limit value of 25 pg/m?
(time-weighted average for an 8-h workday and
40-h workweek), the Agency for Toxic
Substances and Disease Registry minimal risk
level of 0.2 pg/m*for inhal ation exposure, and the
current EPA reference concentration of 0.3 ug/m?)
for elemental mercury for daily inhalation
exposure without appreciable risk of harmful
effects during alifetime.

Table 6.2. 2003 summary results for the Oak Ridge Y-12 Plant mercury
in ambient air monitoring program
Results of the 1986 through 1988 monitoring period are shown for reference

Ambient air monitoring stations

Mercury vapor concentration (ug/m?)

2003 2003 1986-1988
Average  Maximum Minimum Average
AAS2 (east end of the Y-12 Plant) 0.0036 0.0071 0.0018 0.010
AASS (west end of the Y-12 Plant) 0.0043 0.0091 0.0018 0.033
Reference site, Rain Gauge No.2 (1988?) N/A N/A 0.006
Reference site, Rain Gauge No.2 (1989°) N/A N/A 0.005

®Datafor period from February 9 through December 31, 1988.

PData for period from January 1 through October 31, 1989.
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6.4 LIQUID DISCHARGES—
Y-12 COMPLEX RADIO-
LOGICAL MONITORING
SUMMARY

A radiological monitoring plan isin place at
the Y-12 Complex to address compliance with
DOE orders and NPDES Permit TN002968. The
permit, issued in 1995, required Y-12 to
reevaluate itsradiological monitoring plan and to
submit results from the monitoring program
guarterly as an addendum to the NPDES
Discharge Monitoring Report. There were no
discharge limits set by the NPDES permit for
radionuclides; the requirement is to monitor and
report. A revised plan (LMES and H&R 1995)
was fully implemented in 1995. The radiological
monitoring plan was expanded at that time to
allow sufficient collection of data such that an
assessment of alpha, beta, and gamma emitters
could be made. The intent was to more
appropriately identify parametersto be monitored
and to establish analytical detection limits
necessary for dose evaluations.

Based on an analysis of operational history,
expected chemical and physical relationships, and
hi storical monitoringresults, theplanwasupdated
again in October 1997 (LMES 1997b). Under the
existing plan, effluent monitoring is conducted at
three types of locations: (1) treatment facilities,

(2) other point-source and area-source discharges,
and (3) instream locations. Operational history
and past monitoring results provide a basis for
parameters routinely monitored under the plan
(Table 6.3).

The radiological monitoring plan also
addresses monitoring of the sanitary sewer. The
Y -12 Complex is permitted to discharge domestic
wastewater to the city of Oak Ridge publicly
owned treatment works under Industrial and
Commercial User Wastewater Discharge Permit
No. 1-91. As required by the discharge permit,
radiological monitoring of this discharge is
conducted and reported to the city of Oak Ridge,
although there are no city-established limits.
Potential sources of radionuclides discharging to
the sanitary sewer have been identified in
previousstudiesat the'Y -12 Complex aspart of an
initiative to meet the “as low as reasonably
achievable” goals. The radiological monitoring
needs for the sanitary sewer were reviewed and
were summarized in the 1997 update to the plan
(LMES 1997b).

Radiol ogical monitoring of stormwater isalso
required by the NPDES permit. A comprehensive
monitoring plan has been designed to fully
characterize pollutantsin stormwater runoff. The
most recent revision of this plan, Sorm Water
Pollution Prevention Plan for the Oak Ridge Y-12
Plant (BWXT 2002), was issued in November
2002, and incorporates radiologica-monitoring

Table 6.3. Radiological parameters monitored at the Y-12 Complex in 2003

Parameters

Specific isotopes

Rationale for monitoring

Uranium isotopes
weight % U

Fission and activation products ~ *Sr, *H, *Tc, *¥Cs

Transuranium isotopes

Other isotopes of interest
228Ra

238U 235U 234U tOtaI U

232Th 230Th 228Th 226Ra,

These parameters reflect the major activity,
uranium processing, throughout the history of
Y-12 and are the dominant detectable radiological
parameters in surface water

These parameters reflect a minor activity at Y-12,
processing recycled uranium from reactor fuel
elements, from the early 1960s to the late 1980s,
and will continue to be monitored as tracers for
beta and gamma radionuclides, although their
concentrations in surface water are low

1AM, Z'Np, 28Pu,2¥?°Py  These parameters are related to recycle uranium

processing. Monitoring has continued because of
their half-lives and presence in groundwater

These parameters reflect historical thorium
processing and natural radionuclides necessary to
characterize background radioisotopes
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requirements. There are 75 storm water outfalls
and monitoring points located at the Y-12
Complex, and the NPDES permit requires
characterization of a minimum of 25 storm water
outfalls per year.

6.4.1 Results

Radiological monitoring plan locations
sampled in 2003 are noted in Fig. 6.5. Table 6.4
identifies the monitored locations, the frequency
of monitoring, and the sum of the percentages of
the DOE derived concentration guides(DCGs) for
radionuclidesmeasuredin 2003. Radiol ogical data
were well below the allowable DCGs.

In 2003, the total mass of uranium and
associated curiesrel eased fromthe Y -12 Complex
at the easternmost monitoring station, Station 17
on Upper East Fork Poplar Creek, and the
westernmost monitoring station, at Bear Creek
kilometer (BCK) 4.55 (the former NPDES
Outfall 304), was 346 kg, or 0.151 Ci (Table 6.5).
Figure 6.6 illustrates a 5-year trend of these
releases. The total release is calculated by
multiplying the average concentration (grams per
liter) by the average flow (million gallons per
day). Converting units and multiplying by
365 days per year yields the calculated discharge.

The City of Oak Ridge Industria and
Commercial User Wastewater Discharge Permit

allowstheY-12 Complex todischargewastewater
to be treated at the Oak Ridge publicly owned
treatment works through the East End Sanitary
Sewer Monitoring Station, also identified as SS-6
(Fig. 6.5). Compliance samples are collected at
thislocation. No single radionuclide in the Y-12
contribution to the sanitary sewer exceeded 4% of
the DCGs. Summed percentages of DCGs
calculated fromtheY -12 contribution to the sewer
is about one. Results of radiological monitoring
werereported tothecity of Oak Ridgein quarterly
monitoring reports.

Table 6.6 presents a summary of 2003 storm
water data that exceeded screening levels. More
detailed results are given in Environmental
Monitoring on the Oak Ridge Reservation: 2003
Results (DOE 2004c). (See http://www.ornl.gov/
aser.) Uranium remainsthe dominant radiol ogical
constituent and increases during storm flow. This
increase is likely due to increased groundwater
flow and storm water runoff from historically
contaminated areas.
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Fig. 6.5. Surface water and sanitary sewer radiological sampling locations at the Y-12 Complex.
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Table 6.4. Summary of Y-12 Complex radiological monitoring plan sample requirements

OK}I)?” Location fr%ogwgﬁy Sample type Slsg]r ggn?agga
Y-12 Complex wastewater treatment facilities
501 Central Pollution Control Facility 1/week Composite during 1.7
batch operation
502 West End Treatment Facility 1/week 24-hour composite No flow
503 Steam Plant Wastewater Treatment Facility — 1/week 24-hour composite No flow
512 Groundwater Treatment Facility 1/week 24-hour composite 21
520 (402)° Steam condensate Lweek Grab 15
551 Central Mercury Treatment Facility 1/month 24-hour composite 23
Other Y-12 Complex point and ar ea sour ce dischar ges
S17 (301)° Kerr Hollow Quarry 1/month 24-hour composite 0.83
S19 (302)° Rogers Quarry 1/month 24-hour composite 11
Y-12 Complex instream locations
BCK 4.55 (304)" Bear Creek, plant exit (west) Liweek 7-day composite 2.0
Station 17 East Fork Poplar Creek, plant exit (east) Tweek 7-day composite 21
200 North/south pipes L/week 24-hour composite 4.2
Y-12 Complex Sanitary Sewer
SS-6 East End Sanitary Sewer Monitoring Station ~ 1/week® 7-day composite 1

®DCG = the derived concentration guide found in DOE Order 5400.5.

PQutfall identifications were changed by the National Pollutant Discharge Elimination System permit effective
July 1, 1995. Former outfall identifications are shown here in parentheses.

‘Gamma emitters are analyzed once per year.

Table 6.5. Release of uranium from 350 - ORNL-DWG 94M-B678R10/ma
the Y-12 Complexlﬁo t.:le ?fflf-site V777 East Fork Poplar Creek (Station 17)
environment as a liquid effluent, — 1300

16952003 e I Gcar Creek (Outfall 304)
, 2 250 |
Quantity released @
Y ear p " % 200 185 168 167 A9
i g =
E 150 136 140141 [/
Station 17 % L 2 / %
5 100 82 / /
1999 0.07 123 = % /
o 50
2000 0.063 126 = ' . % ' . / .
2001 0.043 82 0 1999 2000 2001 2002 2003
Year
2002 0.062 140 . .
Fig. 6.6. Five-year trend of Y-12 Complex release of
2003 0.073 167 uranium to surface water.
BCK 4.55°
1999 0.096 183
2000 0.093 168
2001 0.065 136
2002 0.07 141
2003 0.078 179

*1 Ci = 3.7E+10 Bq.
°Formerly, NPDES outfall 304.
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Table 6.6. Summary of storm water data above screening levels at the Y-12 Complex

Outfalls
Parameter 48 54 57 135 200 S02 S03 SO S12 S17 S20
5
Alpha activity X X
Cadmium X
Copper X X X
Fecal coliform X X X X X
Manganese X X
Mercury X X
Neptunium-237 X
Nitrate as nitrogen X
Pesticides (Dieldrin) X
Phosphorus X X X X
Total suspended solids X X X
Uranium-234 X
Uranium-238 X
Zinc X X

6.5 NONRADIOLOGICAL
LIQUID DISCHARGES—
Y-12 COMPLEX SURFACE
WATER AND LIQUID
EFFLUENTS

The current Y-12 NPDES permit, issued on
April 28, 1995, and effective on July 1, 1995,
requires sampling, analysis, and reporting for
approximately 90 outfalls. Major outfals are
notedin Fig. 6.7. Thenumber is subject to change
as outfalls are eliminated or consolidated or if
permitted discharges are added. Currently, Y-12
has outfalls and monitoring points in the
following water drainage areas: East Fork Poplar
Creek, Bear Creek, and several unnamed
tributaries on the south side of Chestnut Ridge.
These creeks and tributaries eventually drain to
the Clinch River.

Dischargesto surfacewater allowed under the
permit include storm drainage, cooling water,
cooling tower blowdown, steam condensate, and
treated process wastewaters, including effluents
fromwastewater treatment facilities. Groundwater
inflow into sumps in building basements and
infiltration to the storm drain system are also
permitted for discharge to the creek. The

6-10 Y-12 Environmental Monitoring Programs

monitoring data collected by the sampling and
analysis of permitted discharges are compared
to NPDES limits if a limit exists for each
parameter. Some parameters, defined as
“monitor only,” have no specified limits.

Thewater quality of surface streamsin the
vicinity of the Y-12 Complex is affected by
current and historical legacy operations.
Discharges from the Y-12 Complex processes
flow into East Fork Poplar Creek before the
water exits the Y-12 Complex. East Fork
Poplar Creek eventually flowsthrough the city
of Oak Ridge to Poplar Creek and into the
Clinch River. Bear Creek water quality is
affected by areasourcerunoff and groundwater
discharges. The NPDES permit requires
regular monitoring and storm water
characterization in Bear Creek and several of
its tributaries.

The effluent limitations contained in the
permit are based on the protection of water
guality in the receiving streams. The permit
emphasi zes storm water runoff and biological,
toxicological, and radiological monitoring.
Some of the requirementsin the permit and the
status of compliance are as follows:
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Fig. 6.7. Major Y-12 Complex NPDES outfalls.

e chlorine limitations based on water quality
criteriaat the headwaters of East Fork Poplar
Creek (monitoring ongoing);

» instream pH limitations on tributariesto Bear
Creek and various other tributaries on the
south side of Chestnut Ridge (monitoring
ohgoing);

» a radiologica monitoring plan requiring
monitoring and reporting of uranium and
other isotopes at pertinent locations (see
Sect. 6.4);

e implementation of a storm water pollution
prevention plan and sampling and
characterization of stormwater at aminimum
of 25 locations per year (see Sect. 6.5.2);

e arequirement to manage the flow of East
Fork Poplar Creek such that a minimum flow
of 7 million gal/day is guaranteed by adding
raw water from the Clinch River to the
headwaters of East Fork Poplar Creek (see
Sect. 6.5.4);

» toxicity limitation for the headwaters of East
Fork Poplar Creek (see Sect. 6.6); and

e quarterly toxicity testing at the wastewater
treatment facilities and storm drain locations
(see Sect. 6.6).

An agreed-to consent order, dated
September 27, 1999, resolved outstanding
appealsto the NPDES permit by del eting mercury
monitoring requirementsand instream limitsfrom
the permit and deferring them to the CERCLA
program. The CERCLA record of decision will

define any mercury remediation requirements for
East Fork Poplar Creek. As required, an NPDES
permit application was submitted in October
1999, six months prior to the expiration date of
the current permit (April 28, 2000). Since
April 28, 2000, the Y-12 Complex has continued
operation under the current permit.

6.5.1 Sanitary Wastewater

Sanitary wastewater from the Y-12 Complex
is discharged to the city of Oak Ridge publicly
owned treatment works under Industrial and
Commercial Users Wastewater Permit
Number 191. Monitoring is conducted under the
terms of the permit for a variety of organic and
inorganic pollutants. During 2003, thewastewater
flow in this system averaged about
642,000 gal/day (2,430,000 L/day).

Compliance samplingisconducted at the East
End Sanitary Sewer Monitoring Station (SS-6,
Fig. 6.5) weekly. This monitoring station is also
used for 24-h flow monitoring. As part of the city
of Oak Ridge pretreatment program, Ccity
personnel use this monitoring station to perform
compliance monitoring as required by
pretreatment regulations.
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6.5.2 Storm Water

The development and implementation of a
stormwater pollution prevention plan at the Y-12
Complex isdesigned to minimizethe discharge of
pollutants in storm water runoff. This plan
requires (1) characterization of storm water by
sampling during stormevents, (2) implementation
of measures to reduce storm water pollution,
(3) facility inspections, and (4) employeetraining.

Storm water outfallsat the Y-12 Complex are
located in subbasins (drainage areas) and are
routinely sampled as required by the NPDES
permit. The outfalls are categorized into four
categories based on characteristics of the
discharged water and are grouped within each
category based on similarity asto land use of area
drained and possible pollutants. A full chemical
and radiol ogical characterization of the discharge
during a rain event is not required of all storm
water outfallseach year. Representative sampling
is permitted due to similarity within the same
outfall groupings. A minimum of 25 storm water
outfalls is required to be sampled and
characterized each year during storm events,
including both grab and composite sampling.

During 2003 approximately 5,000 data points
were generated from storm water samples at the
Y -12 Complex. By assessing the quality of storm
water dischargesfrom the site and by determining
potential sources of pollutants affecting storm
water, effective controls can beidentified and put
into place to reduce or eliminate these pollutant
SOUrCes.

The storm water pollution prevention planis
reviewed at least annually and is updated as
necessary to reflect changes in operations and to
incorporaterevised monitoring strategiesbased on
data from past years. The most recent revision of
this plan was issued in November 2002.

6.5.3 Results and Progress in
Implementing Corrective
Actions

In 2003, the Y-12 Complex experienced six
NPDESexcursions. Therewerefour excursionsin
2002, nine excursions in 2001, and six in 2000.
Additional details on all Y-12 NPDES permit
excursions recorded in 2003 and the associated
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correctiveactionsare summarizedin Appendix D,
TableD.1. Table6.7 liststhe NPDES compliance
monitoring requirementsand the 2003 compliance
record.

During 2003, the Y-12 Complex experienced
three exceedances of the Industrial and
Commercial Users Wastewater Permit for
discharge of sanitary wastewater to the city of
Oak Ridge publicly owned treatment works.
Table 6.8 lists the Industrial and Commercial
Users Wastewater Permit compliance monitoring
requirements and the 2003 compliance record.
Two of the exceedances, iron (19.1 mg/L
compared to the permit limit of 15.0 mg/L) and
arsenic (0.0262mg/L comparedtothepermit limit
of 0.015 mg/L) occurred on July 29. A sample
taken on December 22 indicated arsenic (0.0175
mg/L) to be slightly above the permit limit. These
exceedances are believed to berelated to upsetsat
the Steam Plant Wastewater Treatment Facility.
Follow-up sampling conducted of the effluent
from the treatment facility and at SS6 has
indicated that both parameters are being
maintained within permit limits. Upgrades in
conduct of operations and the physical condition
of thefacility are under way. A project to remove
dudge from the treatment facility equalization
basin is being planned for 2004.

Review of storm water data from past years
indicates that pollutant loads increase during
storm events and that water quality may be
affected by uncovered scrap metal storage sites.
For example, some outfals are showing levels
above screening limits of total suspended solids,
fecal coliform, PCBs, and metals during storm
events (see Table 6.6). However, some monitored
pollutants are not present at specific outfals.
Detailed storm water data summary tables are
given in Environmental Monitoring on the Oak
Ridge Reservation: 2003 Results (DOE 2004c).
(See http://www.ornl.gov/ aser/.)

6.5.4 Flow Management
(or Raw Water)

Because of concern about maintaining water
guality and stable flow in the upper reaches of
East Fork Poplar Creek, the NPDES permit
requires addition of Clinch River water to the
headwaters of East Fork Poplar Creek (North/
South Pipe-Outfall 200 area) so that a minimum
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Table 6.7. NPDES compliance monitoring requirements and record for the Y-12 Complex

January through December 2003

Effluent limits

. - - . Percentage No. of
Discharge point Effluent parameter Dally ~ Daly  Daly  Daly of °. ?
avg max avg max  compliance SAmpIes
(Ib/d) (Ib/d)  (mg/L) (mgl/L)
Outfall 066 pH, standard units a 9 b 0
Outfall 068 pH, standard units a 9 b 0
Outfal 117 pH, standard units a 9 b 0
Outfall 073 pH, standard units a 9.0 b 0
Total residual chlorine 0.5 b

Outfall 077 pH, standard units a 9.0 100 12
Total residual chlorine 0.5 100 12

Outfall 122 pH, standard units a 9.0 b 0
Total residual chlorine 0.5 b

Outfall 133 pH, standard units a 9.0 b 0
Total residual chlorine 0.5 b

Outfall 125 pH, standard units a 9.0 100 12
Total residual chlorine 0.5 92 12

Category | outfals  pH, standard units a 9 100 70
(storm water,
steam condensate,
cooling tower
blowdown, and
groundwater)

Category | outfals  pH, standard units a 10 100 4
(Outfalls S15
and S16)

Category Il outfalls  pH, standard units a 9.0 100 137
(cooling water, Total residua chlorine 0.5 100 73
steam condensate,
storm water, and
groundwater)

Category Il outfalls  pH, standard units a 10 100 25
(S21, S22, S25,

S26, S27, S28,
and S29)

Outfall S19 pH, standard units a 9 100 14
(Rogers Quarry)

Category 11 outfalls  pH, standard units a 9.0 100 161
(storm water, Total residual chlorine 0.5 100 144
cooling water,
cooling tower
blowdown, steam
condensate, and
groundwater)

Outfall 201 (below  Total residual chlorine 0.011 0.019 99 156
the North/South Temperature, °C a 30.5 100 157
pipes) pH, standard units 8.5 a 100 157

Outfall 200 (North/  Oil and grease 10 15 99 77
South pipes) Hexane extractable 10 15 100 82

material
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Table 6.7 (continued)

Effluent limits

_ . . _ Percentage No. of
Discharge point Effluent parameter Daily ~ Daly  Daly  Daily of 0- 0
avg max avg max  compliance samples
(Ib/d) (Ibid)  (mg/L) (mg/L)

Outfall 021 Total residual chlorine 0.080 0.188 100 157
Temperature, °C a 30.5 100 158

pH, standard units 9.0 100 158

Outfall 017 pH, standard units a 9.0 100 55
AmmoniaasN 324 64.8 100 52

Outfall 055 pH, standard units a 9.0 100 105
Mercury 0.004 98 105

Total residual chlorine 0.5 99 118

Outfall 55A pH, standard units a 9.0 b 0
Mercury 0.004 b 0

Outfall 550 pH, standard units a 9.0 100 52
Mercury 0.002 0.004 100 52

Outfall 551 pH, standard units 0.002 9.0 100 52
Mercury 0.004 100 52

Outfall 051 pH, standard units a 9 100 106
Outfall 501 pH, standard units a 9.0 100 2
(Central Total suspended solids 31.0 40.0 100 2
Pollution Control ~ Total toxic organics 213 100 1
Facility) Qil and grease 10 15 100 2
Cadmium 0.16 0.4 0.075 0.15 100 2

Chromium 1.0 17 05 1.0 100 2

Copper 12 2.0 05 1.0 100 2

Lead 0.26 0.4 0.1 0.2 100 2

Nickel 14 24 2.38 3.98 100 2

Nitrate/nitrite 100 100 2

Silver 0.14 0.26 0.05 0.05 100 2

Zinc 0.9 16 1.48 2.0 100 2

Cyanide 0.4 0.72 0.65 1.20 100 2

Polychlorinated biphenyls 0.001 100 1

Outfall 502 pH, standard units a 9.0 b 0
(West End Total suspended solids 18.6 36.0 31.0 40.0 b 0
Treatment Total toxic organics 213 b 0
Facility) Nitrate/nitrite 100 150 b 0
Qil and grease 10 15 b 0

Cadmium 0.16 0.4 0.075 0.15 b 0

Chromium 1.0 1.7 0.5 1.0 b 0

Copper 12 20 0.5 1.0 b 0

Lead 0.26 0.4 0.10 0.20 b 0

Nickel 14 24 2.38 3.98 b 0

Silver 0.14 0.26 0.05 0.05 b 0

Zinc 0.9 16 1.48 2.0 b 0

Cyanide 0.4 0.72 0.65 1.20 b 0

Polychlorinated biphenyls 0.001 b 0
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Table 6.7 (continued)
Effluent limits
Percentage
Discharge point Effluent parameter Daily ~ Daly  Daly  Daly of No. of
avg max avg max  compliance samples
(Ib/d) (Ib/d)  (mg/L) (mgl/L)

Outfall 503 pH, standard units a 9.0 b 0
(Steam Plant Total suspended solids 125 417 30.0 40.0 b 0
Wastewater Qil and grease 62.6 83.4 10 15 b 0
Treatment Iron 417 4,17 1.0 1.0 b 0
Facility) Cadmium 0.075 0.15 b 0

Chromium 0.83 0.83 0.20 0.20 b 0
Copper 417 4,17 0.20 0.40 b 0
Lead 0.10 0.20 b 0
Zinc 4.17 4.17 1.0 1.0 b 0

Outfall 512 pH a 9.0 100 143
(Groundwater Iron 1.0 100 142
Treatment Polychlorinated biphenyls 0.001 100 12
Facility)

Outfall 520 pH, standard units 9 100 25

Outfall 05A pH 9 b 0

*Not applicable.

®No discharge.

Table 6.8. Y-12 Complex Discharge Point SS6, Sanitary Sewer Station 6
January through December 2003
Number of  Dalily averagevalue Daily maximumvalue  Percentage of
Effluent parameter omples _ (effluent hmit)” (Uit limit) compliance

pH, standard units 55 c 9/6° 100
Silver 53 0.05 0.1 100
Arsenic 53 0.01 0.015 96
Benzene 11 0.01 0.015 100
Biochemical oxygen demand 53 200 300 100
Cadmium 53 0.0033 0.005 100
Chromium 53 0.05 0.075 100
Copper 53 0.14 0.21 100
Cyanide 13 0.041 0.062 100
Iron 53 10 15 98
Mercury 53 0.023 0.035 100
Kjeldahl nitrogen 53 45 90 100
Methylene chloride 11 0.027 0.041 100
Nickel 53 0.021 0.032 98
Qil and grease 53 25 50 100
Lead 53 0.049 0.074 100
Phenols—total recoverable 53 0.3 0.5 100
Suspended solids 53 200 300 100
Toluene 11 0.01 0.02 100
Trichloroethene 11 0.018 0.027 100
Zinc 53 0.35 0.75 100

2Unitsin milligrams per liter unless otherwise indicated.
PIndustrial and Commercial Users Wastewater Permit limits.

“Not applicable.

9M aximum value/minimum value.
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flow of 7 million gal/day (26.5 million L/day) is
maintained at the point where East Fork Poplar
Creek leaves the reservation (Station 17). The
permit required that this project be implemented
by March 1997, but the work was completed
ahead of schedule (August 1996). With the
completion of this project, instream water
temperatures decreased approximately 5°C (from
approximately 26°C at the headwaters).

During CY 2003 the flow of Upper East Fork
Poplar Creek was maintained in accordance with
the permit conditions. The average daily flow
during CY 2003 was 9.7 million gal/day.

6.5.5. Y-12 Fecal Coliform Study

Studies conducted by Y-12 personnel in the
mid 1990sof fecal coliform concentrationsin East
Fork Poplar Creek and at NPDES outfalls
recorded elevated levels during or immediately
following rain events. Although the storm water
monitoring program analyzesfor fecal coliformat
variousoutfallseach year, monitoring for bacteria
in East Fork Poplar Creek where it exits from
Y -12 property isnot routinely performed. A major
project to upgrade the sanitary sewer system
withintheY-12 Complex and the sewer lineaong
Scarboro Road, which connects into the city of
Oak Ridge collection system, was completed by
the end of 2000. In 2002, anew bacteria-sampling
project for the upper reach of East Fork Poplar
Creek inside the Y-12 Complex was initiated to
determine whether a reduction of bacterialevels
in the stream followed completion of the sewer
improvement proj ect.

Two sampling events one in the spring and
another in thefall of 2002 were performed at two
instream monitoring locations. Samplesfor E. cali
and fecal coliform were taken at Station 17 (also
known as 9422-1) located near to the point where
East Fork Poplar Creek flows off the Y-12
Complex, and outfall 20, located near to the point
where a mgjor portion of the Y-12 storm drain
system surfaces to form East Fork Poplar Creek.
All resultsfrom samplestaken at outfall 201 were
very low and well within water quality criteria.
Measurements of fecal coliform from samples
taken at Station 17 were also below water criteria
values. However, some individual values for
E. coli and the geometric mean (132 colonies per
100 mL) for one group of results obtained during
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thefall event were above the recreationa criteria
of 126 colonies per 100 mL.

Comparison of 2002 data at Station 17 with
earlier studies showed that increases in levels
during rain events still occur. The 2002 data
appear to show someimprovement or areduction
of bacterialevelsobtainedintheearlier studies. A
review of fecal coliform data taken at locations
throughout the Y-12 area as part of the ongoing
Stormwater Pollution Prevention Programhasalso
been conducted. The data demonstrate that
elevated levels of fecal coliform often occur in
areas remote from the central part of the complex
that are not served by the sanitary sewer system.
Several of the higher readingsin Y-12 also occur
at outfallsthat drain areasknown to be frequented
by wildlife. In 2004, additional monitoringin East
Fork Poplar Creek and at designated outfalls is
planned during a rain event to ascertain the
location of bacteria sources to the stream.

6.5.6. Mercury Removal from
Storm Drain Catch
Basins

In May 2003, metallic mercury was observed
in two storm drain catch basins located along G
Road and southeast of Building 9201-4. Thestorm
drain line on which the catch basins are |ocated
flows into East Fork Poplar Creek at outfall 200.
Mercury tends to collect at these low spotsin the
drain system following heavy rains. During 2003,
Y -12 spill response and waste services personnel
conducted ten removals and recovered an
estimated 28 |b of mercury. Recovery of mercury
is expected to continue in 2004.

6.6 BIOMONITORING
PROGRAM

In accordance with the 1995 NPDES permit
(Part I11-C, p. 39), a biomonitoring program is
required that evaluates an East Fork Poplar Creek
instream monitoring location (Outfall 201),
wastewater treatment system discharges, and
locations in the storm drain system. Table 6.9
summarizes the results of biomonitoring tests
conducted during 2003 on effluent samples from
wastewater treatment systems and storm drainage
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Table 6.9. Y-12 Complex Biomonitoring Program summary information for wastewater

treatment systems and storm sewer (cooling tower) effluents for 20032

Test 48-hLCy IWcCe
Site/building date Species (%) (%)

Groundwater Treatment Facility (512) 1/8/03 Ceriodaphnia 88.0 0.10
Cooling tower 9409-15 1/9/03 Ceriodaphnia <6 d
Cooling tower 9409-15 (dechlorinated) 1/9/03 Ceriodaphnia >100 d
Cooling tower 9409-26 1/9/03 Ceriodaphnia >100 d
Cooling tower 9409-26 (dechlorinated) 1/9/03 Ceriodaphnia >100 d
Central Mercury Treatment System (551) 1/10/03 Ceriodaphnia >100 0.09
Cooling tower 9409-20 1/14/03 Ceriodaphnia 8.3 d
Cooling tower 9409-20 (dechlorinated) 1/14/03 Ceriodaphnia >100 d
Cooling tower 9409-23 1/14/03 Ceriodaphnia 9.6 d
Cooling tower 9409-23 (dechlorinated)  1/14/03 Ceriodaphnia >100 d
Cooling tower 9409-15 4/3/03 Ceriodaphnia 8.7 d
Cooling tower 9409-15 (dechlorinated) 4/3/03 Ceriodaphnia >100 d
Cooling tower 9409-32 4/3/03 Ceriodaphnia <6 d
Cooling tower 9409-32 (dechlorinated) 4/3/03 Ceriodaphnia >100 d
Central Mercury Treatment System (551)  4/4/03 Ceriodaphnia >100 0.07
Groundwater Treatment Facility (512) 4/8/03 Ceriodaphnia 4.1 0.09
Cooling tower 9409-10 4/8/03 Ceriodaphnia >100 d
Cooling tower 9409-10 (dechlorinated) 4/8/03 Ceriodaphnia >100 d
Cooling tower 9409-26 4/8/03 Ceriodaphnia >100 d
Cooling tower 9409-26 (dechlorinated) 4/8/03 Ceriodaphnia >100 d
Ouitfall 520 5/2/03 Ceriodaphnia 11.8 d
Central Pollution Control Facility (501) 5/21/03 Ceriodaphnia >100 0.08
Groundwater Treatment Facility (512) 7/9/03 Ceriodaphnia 47.0 0.13
Central Mercury Treatment System (551)  7/9/03 Ceriodaphnia >100 0.10
Ouitfall 520 7/9/03 Ceriodaphnia 28.2 d
Storm sewer 9422-10 7/10/03 Ceriodaphnia 75.8 d
Storm sewer 9422-10 (dechlorinated) 7/10/03 Ceriodaphnia >100 d
Storm sewer 9422-15 7/10/03 Ceriodaphnia >100 d
Storm sewer 9422-11 7/15/03 Ceriodaphnia >100 d
Storm sewer 9422-12 7/15/03 Ceriodaphnia 17.3 d
Storm sewer 9422-12 (dechlorinated) 7/15/03 Ceriodaphnia >100 d
Ouitfall 520 10/8/03 Ceriodaphnia 304 d
Storm sewer 9422-10 10/9/03 Ceriodaphnia 34.3 d
Storm sewer 9422-10 (dechlorinated) 10/9/03 Ceriodaphnia >100 d
Storm sewer 9422-11 10/9/03 Ceriodaphnia >100 d
Storm sewer 9422-12 10/14/03  Ceriodaphnia 70.7 d
Storm sewer 9422-12 (dechlorinated) 10/14/03  Ceriodaphnia 73.0 d
Storm sewer 9422-15 10/14/03  Ceriodaphnia >100 d
Groundwater Treatment Facility (512) 10/16/03  Ceriodaphnia >100 0.18
Central Mercury Treatment System (551) 10/17/03 _ Ceriodaphnia >100 0.12

aSummarized are the effluents and their corresponding 48-h LCg,s and instream waste
concentrations. Note: Discharges from treatment facilities are intermittent because of batch

operations.

*The concentration of effluent (as a percentage of full-strength effluent diluted with laboratory

control water) that islethal to 50% of the test organismsin 48 h.
‘IWC = instream waste concentration based on actual flows at Outfall 201 in East Fork Poplar

Creek.

This point isin the storm sewer system; therefore, an IWC is not applicable.
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systems. Theresultsof thebiomonitoringtestsare
expressed as the concentration of effluent that is
lethal to 50% of the test organisms (L Cs,) during
a 48-hour period. Thus, the lower the value, the
moretoxic an effluent. The L C,iscompared with
the effluent’s calculated instream waste
concentration to determine the likelihood that the
discharged effluent would be harmful to aquatic
life in the receiving stream. If the LC, is much
greater than theinstreamwaste concentration, itis
lesslikely that there is an instream impact.
Effluent samples from three of the four
wastewater treatment system discharges were
tested on Ceriodaphnia dubia at |east once during
2003. The West End Treatment Facility did not
discharge in 2003. With LC,s greater than 100%
in each of four tests, effluents from the Central
Mercury Treatment System were consistently
nontoxic throughout the year. Effluent from the
Central Pollution Control Facility was also
nontoxic, with an LC,, greater than 100% in the
one test conducted in 2003. In four tests during
2003, the LCsfor effluent fromthe Groundwater
Treatment Facility ranged from 44.1% to greater
than 100%. In all cases, the calculated instream
waste concentrationsof the effluent werelessthan
the LC,s, suggesting that effluents from the

individual treatment facilities would not be
acutely toxic to the aquatic life of East Fork
Poplar Creek.

Various locations in the storm drainage
system upstream of outfalls 200 and 201 wereal so
monitored during the year. When chlorine or
similar chemicals (i.e., bromine) were detected in
asample, side-by-side tests were conducted with
a sample that was treated (dechlorinated) to
remove the chlorine or chlorine-like chemical. In
al cases where toxicity was detected in the
nontreated sample (L C, lessthan 100%), survival
was higher inthe dechlorinated samplethaninthe
nontreated sample. In most cases, thefull-strength
dechlorinated sample did not continue to reduce
Ceriodaphnia survival, indicating that toxicity
wasdue solely to chlorine or similar chemicals. In
the few cases where Ceriodaphnia survival
continued to be reduced after dechlorination,
additional sources of toxicity are implicated.
Becauseflow isnot measured at these storm-drain
points, it is not possible to know the contribution
of each to the total flow at QOutfall 201 (i.e., the
instream waste concentration). It is notable,
however, that the results of the biomonitoring
testsat Outfall 201 (Table 6.10) demonstrated that
when all discharges were combined (treated

Table 6.10. Y-12 Complex Biomonitoring Program summary information
for Outfall 201 for 2003?

) . NOEC" 96-h LC,’
Site Test date Species (%) (%)
Ouitfall 201 1/8 Ceriodaphnia 100 >100
Fathead minnow 100 >100
Qutfall 201 42 Ceriodaphnia 100 >100
Fathead minnow 100 >100
Ouitfall 201 7/9 Ceriodaphnia 100 >100
Fathead minnow 100 >100
QOutfall 201 10/8 Ceriodaphnia 100 >100
Fathead minnow 100 >100

aSummarized are the no-observed effect concentrations (NOECS) and the 96-h LCq,s
for the instream monitoring location, Outfall 201.

®PNOEC as a percentage of full-strength effluent from Outfall 201 diluted with
laboratory control water. The NOEC must equal one of the test concentrations and is
the concentration that does not reduce Ceriodaphnia survival or reproduction or

fathead minnow survival or growth.

“The concentration of effluent (as a percentage of full-strength effluent diluted with
laboratory control water) that islethal to 50% of the test organismsin 96 h.
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effluent, storm sewer contribution, plus flow
management water) the result was a consistent
absence of toxicity at Outfall 201

Table 6.10 summarizes the “no-observed-
effect concentrations” (NOECs) and 96-hour
LC,s for the instream monitoring location
Outfall 201. The NOEC is the concentration of
effluent that does not reduce survival, growth, or
reproduction of the biomonitoring test organisms
during a 6- or 7-day test. Thus, like the LC,,, the
lower thevalue, themoretoxic the effluent. Water
from the instream monitoring point, Outfall 201,
was tested four times in 2003 using fathead
minnow larvae (Pimephales promelas) and
Ceriodaphnia dubia. The NOECs were 100% for
al Ceriodaphnia and fathead minnow tests; the
96-h LC,s were consistently greater than 100%
for both Ceriodaphnia and fathead minnows.

6.7 BIOLOGICAL
MONITORING AND
ABATEMENT PROGRAMS

The NPDES permit issued to the Y-12
National Security Complex in 1995 mandates a
Biological Monitoring and Abatement Program
(BMAP) with the objective of demonstrating that
the effluent limitations established for the facility
protect the classified uses of the receiving stream,
East Fork Poplar Creek. The BMAP consists of
four major tasks that reflect complementary
approaches to evauating the effects of Y-12

Complex discharges on the aguatic integrity of
East Fork Poplar Creek. These tasks are
(1) toxicity monitoring; (2) biological indicator
studies; (3) bioaccumulation studies; and
(4) ecological surveys of the periphyton, benthic
macroinvertebrate, and fish communities.

Monitoring is currently being conducted at
five primary East Fork Poplar Creek sites,
athough sites may be excluded or added,
depending upon the specific objectives of the
varioustasks. The primary sampling sitesinclude
upper East Fork Poplar Creek at East Fork Poplar
Creek kilometer (EFK) 24.4 and 23.4 (upstream
and downstream of Lake Reality, respectively);
EFK 18.7 (also EFK 18 and 19), located off the
ORR and below an area of intensive commercial
and light industrial development; EFK 13.8 (also
EFK 14), located upstream from the Oak Ridge
Wastewater Treatment Facility; and EFK 6.3,
located approximately 1.4 km below the ORR
boundary (Fig. 6.8). Brushy Fork at Brushy Fork
kilometer (BFK) 7.6 isused as areference stream
in most tasks of the BMAP. Additiona sites off
the ORR are al'so occasionally used for reference,
including Beaver Creek, Bull Run, Cox Creek,
Hinds Creek, Paint Rock Creek, and the Emory
River in Watts Bar Reservoir (Fig. 6.9).

Trends of increases in species richness and
diversity at upstream locations over the last
decade, along with similar but more subtle trends
in a number of other BMAP indicators,
demonstrate that the overall ecological health of
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Fig. 6.8. Location of biological monitoring sites on East Fork Poplar Creek in relation to
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East Fork Poplar Creek continues to improve.
However, the pace of improvement in the health
of East Fork Poplar Creek has slowed in recent
years, and fish and invertebrate communities
continue to be degraded in comparison with
similar communities in reference streams.

6.7.1 Toxicity Monitoring

Toxicity monitoring employs EPA-approved
methods with Ceriodaphnia dubia and fathead
minnowsto provide systematicinformationthatis
used to verify the biological water quality of East
Fork Poplar Creek at intervals throughout the
year. Ceriodaphniatestswereconducted quarterly
in 2003 for one site upstream of Bear Creek Road
(EFK 24.1). In addition, quarterly toxicity tests
with both fathead minnows and Ceriodaphnia
were conducted at Outfall 201 as required by the
Y-12 Complex’s NPDES permit. Because of the
close proximity of Outfall 201 (an instream
NPDES location in Upper East Fork Poplar
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Creek) to EFK 25.1, the tests of water from
Outfall 201 also met theintent of theY-12 BMAP
Plan (Adams et al. 2000) to conduct quarterly
toxicity tests at the latter location.

No evidence for toxicity was observed in any
of the 2003 Ceriodaphnia tests (both East Fork
Poplar Creek sites) or fathead minnow tests
(Outfall 201). Theseresultsareconsistent withthe
findings of previous Ceriodaphnia and fathead
minnow tests conducted since flow management
beganinthelatter half of 1996. Similarly, toxicity
of East Fork Poplar Creek water in other chronic
tests involving fish embryos and clams, which
appear more sensitive to water quality conditions
inthe stream, continuesto decrease. Fish embryo-
larval test results are discussed in Sect. 6.7.3;
clam tests are discussed in Sect. 6.7.4.
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6.7.2 Bioaccumulation Studies

Mercury and PCBs have been historically
elevated in East Fork Poplar Creek fishrelativeto
fishinuncontaminated reference streams. Fishare
monitored regularly in East Fork Poplar Creek for
mercury and PCBs to assess spatial and temporal
trends in bioaccumulation associated with
ongoing remedial activities and plant operations.

As part of this monitoring effort, redbreast
sunfish (Lepomis auritus) were sampled twice
during 2003 from the mid to upper reaches of East
Fork Poplar Creek and were analyzed for tissue
concentrations of these two environmental
contaminants. Largemouth bass (Micropterus
salmoides) were collected once in 2003 from a
sitein Upper East Fork Poplar Creek (EFK 23.4)
to monitor maximum bioaccumulation in larger
piscivorous fish of the system. Stoneroller
minnows (Campostoma anomalum) were
collected from EFK 24.5 to evaluate potential
ecological concerns associated with the
accumulation of other metals by these prey fish.
Mercury concentrations remained much higher
during 2003 in fish from East Fork Poplar Creek
than in fish from reference streams. Elevated
mercury concentrations in fish from the upper
reaches of East Fork Poplar Creek indicate that
the Y -12 Complex remains a continuing source of

N
(=]

mercury to fish in the stream. Although
concentrations have leveled off in recent years,
mercury concentrations in water in Upper East
Fork Poplar Creek have decreased significantly
over much of the last decade. In contrast, mercury
concentrations in fish have remained relatively
constant since the late 1980s (Fig. 6.10).
PCB concentrations measured in East Fork
Poplar Creek sunfish during 2003 were within
ranges typical of past monitoring efforts at these
sites (Fig. 6.11). Mean PCB concentrations were
again highest at sampling locations upstream of
Bear Creek Road, indicating a continuing PCB
source or sources within the Y-12 Complex.

6.7.3 Biological Indicator
Studies

The biological indicator task is designed to
evaluate the effects of water quality and other
environmental variables on the heath and
reproductive condition of individual fish and fish
populationsin East Fork Poplar Creek. Redbreast
sunfishweresampled fromthreesitesin East Fork
Poplar Creek and from two reference streams in
the spring of 2003 prior to the onset of the
breeding season. A fish embryo-larval test using
the medaka (Oryzias | atipes), a small model fish,
was conducted on water from severa sitesin East
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Fig. 6.10. Semiannual average mercury concentration in muscle fillets
of redbreast sunfish and water in East Fork poplar Creek at Station 17

through spring 2003.
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Fig. 6.11. Mean concentrations of PCBs in redbreast sunfish muscle fillets in East Fork Poplar

Creek at Station 17 through spring 2003.

Fork Poplar Creek in order to test the ability of
young fish to successfully develop in the stream.

Overal trendsin many contamination-related
bicindicators suggest that there has been
measurabl e improvement in overall fish healthin
Upper East Fork Poplar Creek in recent years
(Fig. 6.12). However, the health and reproductive
condition of sunfish from East Fork Poplar Creek
sites upstream of Bear Creek remain lower in
several respects than in fish from reference sites
or downstream East Fork Poplar Creek sites.
Furthermore, the abundance of redbreast sunfish,
which is not native to the region, continues to
decline in both East Fork Poplar Creek and
reference streams.

Water from East Fork Poplar Creek upstream
of the Oak Ridge Wastewater Treatment Facility
adversely affected fish embryos in only one of
four medaka embryo-larval toxicity tests
conducted during 2003 (Table 6.11). This
continues a recent trend of significant
improvement in the results of these tests.

6.7.4 Ecological Surveys

Periphyton was monitored quarterly during
2003 from three sites along East Fork Poplar
Creek. Algal biomass (Table 6.12) and
photosynthetic rates remained higher than in
reference streams. Concentrations of various
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metals (Cu, Zn, Ag, and Cd in particular)
continued to be elevated in East Fork Poplar
Creek periphyton.

Fish communities were monitored in the
spring and fall of 2003 at five sites along East
Fork Poplar Creek and at two reference streams.
Over the past decade, overall speciesrichnessand
the number of pollution-sensitive fish species
have increased at all sampling locations below
Lake Reality (Fig. 6.13). However, improvement
in the fish community of East Fork Poplar Creek
has slowed in recent years, and the community
continues to lag behind reference stream
communitiesin these and other important metrics
of community health.

Benthic macroinvertebrate communitieswere
monitored at three sitesin East Fork Poplar Creek
and at two reference streamsin the spring and fall
of 2003. The macroinvertebrate communities at
EFK 23.4 and EFK 24.4 remained significantly
degraded as compared with reference
communities (Fig. 6.14). Increases in total
richnessandtherichnessof pollution-tolerant taxa
continue at the Upper East Fork Poplar Creek
sites, although the pace of improvement in benthic
macroinvertebrate communities has slowed in
recent years.

The effects of in situ exposure on clam
growth and survival were tested during 2003 at
three sitesin East Fork Poplar Creek and at three
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Fig. 6.12. Trends in three indicators of fish health measured
over the last fifteen years in redbreast sunfish from EFK 23. Latest
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Table 6.11. Results of medaka development
toxicity tests conducted on water from ambient
sites in East Fork Poplar Creek, 2003
Embryo larval survival (%)

Samplée? Quarter
Firss Second Third Fourth

Control 100 100 96 92
EFK 25.1 80 85 100 92
EFK 24.6 20 20 75° 92
EFK 23.4 90 95 62° 96
EFK 18.2 85 95 75° 100
EFK 13.8 100 90 75° 96
EFK 10.0 25° 75° 29° 33°
EFK 6.3 40° 85 33 33

®EFK = East Fork Poplar Creek kilometer
bSignificant difference from control at p = 0.05

Table 6.12. Biomass of periphyton sampled
from sites on East Fork Poplar Creek and
Brushy Fork, 2003
Algal biomass (ug /Chla/cm)?

Quarter
Samplé€’ : )
First Second Third Fourth
EFK 244 56.1+55 410+142 287+70 509+174
EFK 234 502+120 526+242 257+82 421+65
EFK 6.3 31.8+57 339+259 209+55 59.8+55
BFK 7.6 16.3+106 139+41 13.7+9.2 392+129
aChla= chlorophyll a
PEFK = East Fork Poplar Creek kilometer
BFK = Brushy Fork kilometer
Y-12 Environmental Monitoring Programs  6-23
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Fig. 6.13. Comparison of mean abundance of sensitive fish species collected during each
year from 1985 through 2003 from four sites in East Fork Poplar Creek and a reference site
(Brushy Fork). Results for an additional site in Upper East Fork Poplar Creek (EFK 24.4) and a
second reference cite (Hinds Creek) are not shown.

reference streams. Asinsimilar testsconductedin
previous years, clam survival was significantly
reduced at EFK 23.4 and EFK 24.4, while growth
was reduced at each of thetested East Fork Poplar
Creek sites. However, clam survival at the two
Upper East Fork Poplar Creek locations has
markedly improved over the last few years,
continuing a recent trend of significant
improvement in the results of these sensitive
toxicity tests (Fig. 6.15).

6.8 Y-12 COMPLEX AMBIENT
SURFACE WATER
MONITORING

Routine surface water surveillance
monitoring, aboveand beyond that required by the
NPDES permit, is performed as a best
management practice. The Y-12 Environmental
Compliance Department staff monitor the surface
water as it exits from each of the three
hydrogeologic regimes that serve as an exit
pathway for surface water (Fig. 6.16).

Monitoring is conducted in East Fork Poplar
Creek at Station 17 (9422-1), near the junction of
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Scarboro and Bear Creek roads. The current
sampling program consists of two 48-h
composites plus a 3-day weekend composite.
These samples are anadyzed for mercury,
ammonia-N, inductively coupled plasma (ICP)
metals, and total suspended solids.

Monitoring is conducted in Bear Creek at
BCK 4.55 (former NPDES Station 304), whichis
at thewestern boundary of theY-12 Complex area
of responsibility. A surveillance sample (a 7-day
composite sample) is collected monthly for
analysis for mercury; anions (sulfate, chloride,
nitrate, nitrite); ICP metals; total phenols; and
total suspended solids.

The exit pathway from the Chestnut Ridge
Hydrogeol ogic Regime is monitored via NPDES
location S19 (former NPDES Station 302) at
Rogers Quarry. S19 is an instream location of
McCoy Branch and is sampled monthly (a 24-h
composite) for ICP metals. The NPDES
requirement for thislocation other than apH limit
isto monitor and report metals data only.

In addition to these exit pathway locations, a
network of real-time monitors is located at
instream locations along Upper East Fork Poplar
Creek and at key points on the storm drain system
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Fig. 6.14. Total taxonomic richness (mean number of taxa/sample)
and total taxonomic richness of the Ephemeroptera, Plecoptera, and
Trichoptera (EPT) (mean number of EPT taxa/sample) of the benthic
macroinvertebrate communities in East Fork Poplar Creek and two
reference sites, one on Brushy Fork and one on Hinds Creek (BFK 7.6
and HCK 20.6), spring data only. (EPT taxa include relatively pollution-

sensitive species.)

that flows to the creek. The Surface Water
Hydrological Information Support System is
available for real-time water quality
measurements, such aspH, temperature, dissolved
oxygen, conductivity, and chlorine. Thelocations
are noted in Fig. 6.17. Not all locations or
parameters are operated on aroutine basis.

For nonradiological parameters that are
sampled and detected abovethe anal ytical method
reporting detection limit, the data are compared
with Tennessee water quality criteria. The most
restrictive of either the “freshwater fish and
aquatic life criterion maximum concentration” or
the " recreation concentration for organismsonly”

standard is used. This comparison serves as a
record of water quality, and the comparison to
state water quality criteria limits is for
informational purposes only; as such, no attempt
is made to achieve the lowest possible detection
limit for all parameters.

More than 5000 surface water surveillance
samples were collected in 2003. Comparisons
with Tennesseewater quality criteriaindicatethat
only mercury, zinc, and copper from samples
collected at Station 17 were detected at values
exceeding a criteriamaximum. Results are shown
in Table 6.13. Of all the parameters measured in
the surface water as a best management practice,
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Fig. 6.15. Growth and survival of fingernail
clams in situ bioassays in East Fork Poplar Creek,
1998-2003. Length of study is 80 to 86 days per
test. No 2002 data are presented for Cox Creek
because the bioassay units were lost to vandalism.

mercury isthe only demonstrated contaminant of
concern.

Additional surfacewater sampling is
conducted on Bear Creek in accordance with the
Y -12 Groundwater Protection Programto monitor
trends throughout the Bear Creek Hydrogeol ogic
Regime (see Sect. 6.10.4.3).
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6.9 Y-12 SEDIMENT
SAMPLING

Historica data have shown that mercury,
PCBs, and isotopes of uranium are present at
detectablelevelsin sediment. Therefore, asabest
management practice, the Y-12 Complex
maintains an annual sampling program to
determine whether these constituents are
accumulating in the sedimentsof East Fork Poplar
Creek and Bear Creek as a result of Y-12
Complex discharges. Results of the most recent
monitoring activity are given in Table 6.14. The
monitoring results indicate that the radiological
levelsincluding isotopes of uranium and thorium
havenot significantly changed. The mercury level
increased this year at the Station 17 site, but this
finding is based on only one resuilt.

Thisactivity isalso used to comply with DOE
Order 5400.5, which statesin Chapter 11.3.a.2 that
measures be taken to prevent the buildup of
radionuclides in sediments caused by releases of
waste streams to natural waterways. The order
limits the amount of activity that may be present
in released settleable solids. Because waste
streams from the Y-12 Complex have very low
settleable-solid contents, thissampling programto
measure activity in the sediments of East Fork
Poplar Creek and Bear Creek isused to determine
whether a buildup of radionuclide concentrations
is occurring.

6.10 GROUNDWATER
MONITORING AT THE
Y-12 COMPLEX

More than 200 sites have been identified at
the Y-12 Complex that represent known or