——

~ Uyglgﬂly?llﬂﬂlﬂﬂlllllHlll”ll”lll

RFP ENV 85

ANNUAL
EMVIRONMENTAL
MONITORING
REPORT

JANUARY-DECEMBER 1985

aLQ Rockwell International

NORTH AMERICAN SPACE OPERATIONS
ROCKY FLATS PLANT

\/7 ( Be:t Available Copy SW-A-004781

o e, Rt . ~ -



Printed RFP ENV-85
April 25, 1986

ANNUAL ENVIRONMENTAL MONITORING REPORT
U S. DEPARTMENT OF ENERGY, ROCKY FLATS PLANT
Janusry Through December 1988

ENVIRONMENTAL ANALYSIS AND CONTROL SECTION
George H Setlock, Manager
- Dorothy L. Barr, Report Coordinator

ROCKWELL INTERNATIONAL
NOATH AMERICAN SPACE OPERATIONS
ROCKY FLATS PLANT
P.0. 00X 404
GOLDEN, COLORADO 90483-0484

Prepared under Contract DE-ACO4-.76DP03633
for the
Albuquerque Operations Office
US Depertment of Energy



RFP ENV 85

ROCKY FLATS PLANT VIEWED FROM THE EAST 33323 10



RFP ENV 85

CONTENTS
Abstract W
1 Introduction !
II Site Meteorology and Climatology 7
Il1 Momntonng Summary 10
IV Momtonng Data Collection, Analyses, and Evaluation 12
A Aurborne Etfluent Momtonng 13
B Radioactive Ambient Air Momtonng 15
C Nonradioactive Ambient Air Monitonng . 18
D  Waterborne Effluent Monitonng 22
E  Groundwater Monutoning 26
F  Regional Water Momtoning 30
G  Soil Sampling and Analysis 35
H External Gamma Radiation Dose Momitonng 35
V Assessment of Potential Plant Contnbution to Public Radiation Dose 40
A Dose Assessment Source Terms 4]
B Maximum Site Boundary Dose 42
C Maximum Commumnty Dose 43
D Eghty-Kilometer Dose Estimates 43
V1 Appendixes 44
Applicable Guides and Standards 44
B  Qualty Control 48
C  Analytical Procedures 51
D Detection Limits and Error Term Propagation 54
E Reporting of Mimmum Detectable Concentration and Error Terms 59
References 60
Adknowledgements 62
Distnbution 63



RFP-ENV-85

ABSTRACT

This report documents the environmental surveillance program at the Rocky Filats Plant,
conducted by the Environmental Analysis and Control Section of the Environmental and
Occupational Health Branch Sample analyses are performed by the Health, Safety, and
Environmental Laboratones of the Health, Safety and Environment Department and by the
General Laboratory of the Quality Engineering and Control Department Thus report was pre-
pared to fulfill reporting requurements of DOE Order 5484 1 and includes an evaluation of plant
comphance with all appropniate guades, limuts, and standards for radioactive and non-radioactive
matenals Potential public dose commitments from radioactive effluents were csicaulated from
average radionuclide concentrations measured at the plant property boundary and in surrounding
commumties The radicactive and non-radiocactive effluents from the Rocky Flats Plant meet the
appropnate guides and standards and represent no adverse environmental effects from the opera-
tion of the plant during calendar year 1985 The estimated potential radiation doses to the
public from plant effluents are well below background dose levels expenenced mn this region from
natural and other non-plant sources.
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ANNUAL ENVIRONMENTAL MONITORING REPORT
U S. DEPARTMENT OF ENERGY, ROCKY FLATS PLANT
January Through December 1985

1 INTRODUCTION

The Rouky Flats Plant 1s 1 government-owned and
contractor-operated faciitv It 1s part of a nation-
wide nuclear weapons research development, and
rroduction complex administered by the Albu-
querque Operations Office of the U S Department
of Energy (DOE) The prime operating contractor
tor the Rocky Flats Plant s the North American
Space Operations Group ot Rockwell International

The Rocky Flats Plant > located at 105°11'30"
west longitude and 39°33'30” north latitude in
northern Jefferson County Colorado The plant-
site consists of 2,650 hectares (6,550 acres) of
federally owned land A shown in Figure 1, major
plant structures are located within a secunty-
tenced area of 135 hectares (384 acres) The plant
i1s approximately 26 kilometers (16 mules)
northwest of downtown Denver and 1s almost
equidistant from the cities of Boulder, Goiden, and
Arvada (see Figure 2) Demographic estimates based
on the 1980 census are shown in Figure 3 There 1s
a population of approxumately 2 miilion peopie
within 4 50-mule radius of the plant

The plant 1s a key DOE facility that produces
components for nuclear weapons, therefore, its
product 1s directly related to national defense The
plant 1s involved in fabricating components from
plutonium, uramum, beryliium, and stainless steel
Production activities include metal fabrication and
assembly, chemical recovery and purification of
process-produced transuramic radionuchides, and
related quality control tunctions Research and
engineernng programs supporting these activities
involve hemistry physics matenals technology,
nuclear safety and mechanical engineering

Approgimately 129 structures on the plantste
contain  approxamately 234 685 squure meters
(2 63 mullion syuare teet. of Noor space  Of this
space, myjor manutacruring chemical processing

plutonium recovery, and waste treatment facilities
occupy about 153.285 square meters (1 65 milhion
square feet)

Major laboratory and research buildings occupy
about 15,800 square meters (170,000 square feet)
The remaining floor space 1s divided among admin
istrative utility, secunty, warehouse storage, and
construction contractor facilities, and occupies
about 75,600 square meters (814,000 square feet)

All of the plant heating requirements are met by
in-plant steam boilers that normally use natural gay
and are capable of using fuel o1l Durnng CY 1985
approximately 175 mudlion cubic meters (620
milion cubic feet) of natural gas were used Three
mulion, seven hundred thousand hters (983,000
gallons) of fuel o1l were used during 1985

Raw water 1s purchased from the Denver Water
Board and 1s drawn from Ralston Reservoir and the
South Boulder Dwversion Canal The Rocky Flats
Plant used approximately 513 miilion hiters (136
million gallons) of water during 1985

The ptedmont of the Front Range of the Rocky
Mountains nses 8 kilometers (5 miles) west ot the
site and crests at the Continental Divide wiuch 1y
32 kidometers (20 mules) from the plant The
natural environment of the plantsite and vicimity s
influenced primarily by the Front Range ot the
Rocky Mountains and the site elevation which
1,829 meters (6,000 feet) above sea level The
surficial geology of Rocky Flats consists of a thin
layer of gravelly topsoil underlain by a 6- to 15-
meter (20- to 49-foot) thick layer of coarser,
clayey gravel Thus is underiain by an impermeable
bedrock structure upon whih plant bhwlding
foundations are supported Arca hydrology s n-
fluenced by the topsoil, whith consists of gravelh
and highly permedble alluvium  Water retention
in the soil v poor, and vegetation in the arcg »
sparse Cacti  spamush bayonct and  grasses
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FIGLRt | Aenal Photograph of the Rocky Flats Plant and Immeduate Vicuuty 15299

representative of a ~uxed short- and mid-grass
plain constitute the main ground cover Introduced
Eurasian weeds abo rake up part of the flora
Cottonwood trees grow adjacent 1o water.ourses

The chimate at Rocky F.ats 1s charactenzed by dry
cool winters with some snow cover and warm
somewhat motst sumrmers  There 1» considerab's
clear->hyv sunshme a1 4 he average precipitation
and reiative humudity i« low  The 2'.vation ot the
plant and the myjor U ographieal woature ot the
area sigmficantly int! =r e Jimate and metcoro-
logical  dispenion fdo L7aties of  the aite

Winds at Rocky Flats although variable are pre-
dominantly northwesterly w.th stronger winds
accurnng duning the winter  During 19835 approxi-
matelv 60 percent of the winds had g westerty
component

Annual average prec.pitation at the Rocky Flats
Plant s shghtly over 385 centimeters (1516
inches) The masimum annual precpitation
recorded over a 24-year period was 63 17 cents-
meters (24 87 anches) i 1969 The annual
preupitation during 1985 was 32 97 centimeters
(129 inches) Typically, more than 80 percent ot
the precpitation falls as rain between Apnl and



Introduction/RFP ENV 85

!
t

ALa'avéne
7
e

Brighton
h1 e
g coraco/
Negeriang S~nngs 3
Pinec *a = NOﬂthBnn
Rall nsvil'e J :&' -
Thornton
-1 —-—
25
A
Commerce
. City =
Black  ,
Cantrai Ci awk i
Dumont, 11 .
4 - -
~-— ] Goiden /| i €
idano .\] T 4 DENVER E -
Springs N g
! { Aurora
- t Lakelwood !
Bergen Parx - e J [ 2 [
17 -‘\r‘ t Xx.
N Ever; ee MOIrIso ' v '
! ngiewood S

1 73

a

Littleton

a | . @
14 S
b e e . — - . —

SN

FIGURE 2 Area Map of Rocky Flats Plant and Surrounding Communities

September Most of the remaimng precipitation is
1n the form of snow

Atr from production and research facilities 1s con-
tinuously discharged to the atmosphere by 43
ventilation exhaust systems Pnior to atmosphenc
discharge, the exhaust air passes through particulate
filtration systems These fiitration systems employ
High Efficiency Particulate Air (HEPA) filters
that are purchased to .qual or c¢xceed the DOF
specaficd filteation ettic cncy standard ot 99 97
percent for 0 3-um particles Prior to installation
mn the filter plenums -ach filter 15 tested at the

plant to ensure that the filtration efficiency is not
less than the standard Airborme radioactivity
released to the environment from process opera-
tions 1s kept to a mmmmum and 1s well within planc
heaith and safety guidelines

As shown in Figure 4, surface water runoff from
the plant 15 from west to east Runoff  carned
from the plant by three major drainage basins that
dre toibutary 1o Walnut Creck on the north and
to Woman Creek on the south  Lhe south tork ot
Walnut Creek receives most of the stormwater
runoff from areas surrounding plant buildings
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FIGURE 4 Holding Ponds and Liquid Effluent Watercourses

Also shown 1n Figures | and 4 1s the confluence
of the north and south forks of Walnut Creek
which s 11 kilometers (07 mile) west of the
castern perimeter of the plant Great Western
Reservorr, a water supply for a part of the City
of Broomfield, 1s 16 kilometers (1 mile) east
of this confluence Woman Creek flows east
trom Rocky Flats into Standley Lake, a water
supply for the City of Westminster and for por-
tions of the cities of Northglenn and Thomton
Ponds on the north fork of Walnut Creek are
designated A-1 through A<4 Ponds on the south
fork are designated B-1 through B-5 These ponds
receive runoff and/or treated sanitary wastewater
Pond C-1 1s located on the Woman Creek water-
course Pond C-2, located near the Woman Creek
watercourse, recetves surface runoff water from an
interceptor ditch parallel to the south side of the
plant production areas

Curtain operations at the Rocky Flats Plant involve

or produce hquids, solids, and gases containing
radioactive matenials  Radioactive matenals are

P

handled 1n accordance with stningent procedures and
within multiple containments (physical barners)
designed to minimize the release of contaminants
to the workplace and the environment The radio-
active waste systems include collection filtration
bquid processing and temporary storage tactlittes
for those process wastes known, or suspected
to have been 1n contact with radioactive matenals
The hquid waste process system concentrates
bquid wastes contaiming unrecoverable radioactive
matenals into sohd wastes suitable for shipment
along with other contaminated solid wastes to a
DOE-approved storage facihity Speafic detals of
plant waste processing facihties are descnibed n the
Rocky Flats Plant Site Final Environnental
Impact Statement !

Sanitary waste 1s processed by the samitary waste
treatment plant and s 1solated trom process waste
throughout the plant Condittoning chemieals are
added to assist tn the destruction of hologially
degradable organic waste The treatment plant 1y
of the activated sludge type and has three stages ot
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treatment [. has 1 design capauty ot 946 250
lters (250000 gallons) per day Present daily
flows usually vary between 757 000 and | 135 500
liters (200 000 and 300 000 gallons) per day
One of two 265 000-hiter (70 000-gallon) pre-
aeration holding tanks located upstream from the
sewage plant, serves as 1 ~urge basin to smooth out
peak flows A se.ond holding tank provides
storage capacity tor samtdry wastes should
emergency retention be required Liguid etfluents
from the sarttary waste treatment plant can be
refcased to Walnut Creek rteleased to holding
ponds for subsequent onsite wngation, or pumped
to a reverse osmosts fdav hitv for further treatment
Arter treatment product water from the reverse
osmosts faulity wan be recycled for use 1n plant
cooling towers spray rngation, or may be released
to Walnut Creek  The plant i1s meeting the Clean
Water Aclt’s zero discharge goal with respect to
downstream discharges =\cept when storm events
prevent effective spray ymngation activities

Residual solids from the sanitary waste treatment
plant are concentrated, dnied packaged, and shupped
to a DOE-approved waste facility in Nevada
Reverse osmosis brine .~ sent to process waste
treatment for evaporation and drying, and the salts
are packaged and shipped to the same DOE-
approved waste facihity t Nevada

Nonradioactive solid wastes are transferred to an
onsite samtary landfill tor disposal This landfill
was designed and constructed in 1974 with an
impervious «lay seal layer and surface water diver-
sion ditches Routine matenals are checked daily
for radioactvity at the landfill site before final
burial The disposal ot nonroutine or special
nonradioactive waste materials 1s adminstratively
controlled

Groundwater and surface water flow in and around
the samtary landfill 1s .ontrolled by interceptor
trenches and by enginceered drans The trenches
divert all upgradient waters around the landfill
The drains collect groundwater from the perimeter
of the landfill and dw: rt 1t into 4 holding pond
The holding pond i licets subsurface draimnage
from the landfill Wutcer samples trom this holding
pond, the drains and tac three test wells in the
vicimity are collected penod.ally and are analyzed
for a senes of param.'u'\ wcluding radioactivity

Land use at the Rocky Flats Plant v mmnaged b
Rockwell International for the Depurunent ot
Energy This includes land utithzation plammag i |
environmental and physical control ot the lane
Since 1977 all major activities condncted o
plantsite land have required approv: v th.
Rowkwell Executive Committee based upon the
recommendations  ©f  a  Land  Munagemort
Coordinator The Coordinator evaiuates o'l
research projects and other nonroutine i tivitics on»
plant lands by means of 4 Land U~ Rogue t
svstem  The etfects of such setivitios are ovaluat |
by Environmental Analysis wad Control personnd’
through field observations and rcmofe sensng
techniques

Personnel 1n the Environmental and Occupationy!
Health Branch of Rouckwell International conduct
an extensive environmental survetbance progrant
at the plant Enwvironmental and Occupation!
Health personnel assist operatg groups it adhertag
to the DOE policy that ¢ operations shall e
conducted in a manner to assure that radation
exposure to individuals and population groups s
limited to the lowest levels techmically and eco-
nomically practicable '* The surverllance program
1s designed to provide assurance that the mary
safeguards at the plant effectively linnt the relo i
ot radioactive or toxic materiaby  The results of this
environmental momtonng program mdicate that
effluent treatment and control procusses at the
plant were effective during 1985

The Rocky Flats environs are mumtorad b
penetrating iomzing radiation and lor pertinumt
radioactive, chemical, and biological pollutants
Air, water (both surface and ground), ~oi, and
vegetation are sampled on the plantsite and
throughout the surrounding region Seviral
Federal, State and local governmental ugenc.cs
independently conduct audits and additional
environmental surveys on and off the plantsite
The Colorado Department of Health samplhs wr
so1l, and water at the Rocky Flats uite and m
surrounding communities It also operates an
onsite  continuous., particulatc air samplr lor
the Jcffervon County Health Department The
DOt Environmental Measurements  Laboratory
(EML) has conducted particulate air samphng it
the Rocky Flats Plant and penodically portorms
speaial studies, including sediment and sotl analyses
Additional special analyses have been porformad



by Rezion VIII of the L S§ Environmental
Protection Agency (EPA)

Plutonium concentrations in this report represent
the alpha radioactivity trom plutonium isotopes
239 and 240, which constitute over 97 percent of
the alpha radioactivity in piutonium handled at the
plant Reported uraniumr concentrations are the
cumulauve alpha activitv rom uramum-233, -234,
and -238 Components .ontaiung fully ennched
uramum metal are handled at the Rocky Flats Plant
Deplcted uramuum metal 1s fabnicated and also 15
handled as process waste matenal Uranium-23S5 1s
the major isotope by weight (93 percent) 1n
fully ennched uranium, however, uranum -234
accounts for approximately 97 percent of the
alpha activity of fully enriched uramum In de-
pleted uramum the combined alpha activity from
uramum-234 and -238 accounts for approximately
99 percent of the total alpha actiity The Denved
Concentration Guides (DCGs) used 1n this report
for uranium in air and water are those for uranium-
233, -234, and uramum-238 which are the most
restnctive *

The mformation contained in this report 1s sub-
mitted 1n comphance with DOE Order 5484 1,
Chapter IV and 18 a compilation of data provided
monthly to the DOE Rocky Flats Area Office, the
Radiation Control Division of the Colorado
Department of Health, Region VIII of the EPA,
the health departments of Boulder and Jefferson
Counties, and to interested cty officials from
communities near the plant

11 SITE METEOROLOGY AND CLIMATOLOGY

Wind, temperature, and precipitation data were
collected on the plantsite dunng 1985 Table 1 1s
the 1985 annual summarv of the percent frequency
of wind directions (16 compass points) divided
into four speed categories The compass point
designations indicate the true beanng when facing
aganst the wind These frequency values are
represented graphically in Figure 5 The wind rose
vectors also represent the beanng against the wind
(1e, wind along each vector blows toward the
center) The predominance of northwesterly winds

*The Derived Concentration Guides used throughout this report
were calculated uung the merhodology descnbed in Appendix A

Site Meteorology and Climatology/RFP ENV 85

TABLE 1 Wind Direction Frequency (Percent), by
Four Wind-Speed Classes, at the Rocky Flats Plamt

(Fifteen Minute Averages—19853)

13 37 715 >1§
Calm (min)? (min  (mfs) (mls) TOTAL
- 133 - - - - 133
N - 298 3% 040 000 695
NNE - 319 240 033 000 591
NE - 279 115 002 000 398
ENE - 245 062 000 000 307
E - 266 0S4 000 000 320
ESE - 257 145 001 000 402
SE - 292 268 003 000 564
SSE - 278 325 014 000 616
s - 258 267 015 000 540
SSW - 272 262 019 000 553
SW - 23 252 020 000 508
wsw - 285 487 081 000 853
w - 146 316 179 028 867
WNW - 313 394 459 0S8 1224
NW - 263 348 139 003 754
NNW - 270 343 053 000 667

TOTALS 133 4477 4234 1057 087 10000

2. Data obtsined from sensors located ~10 m (33 ft)

above the ground
b For conversion purposss, miles per hour (mph) equals
2.237 muitiptied by meters par sscond (m/s).

1s typical of Rocky Flats. The low frequency of
winds greater than 7 meters per second (15 6 mph)
with easterly components 1s also normal

Monthly averaged daily maximum temperatures
were above normal between the months of March
and June The remaiung eight months showed
below normal daly maximum temperatures
Monthly average daly mummum temperatures
were above normal between the months of March
and June, normal for August and below normal
for the remaining seven months of 1985

A summary of monthly water-equivalent precipita-
tion 1s shown in Figure 6, along with the
1953-1976 monthly averages for comparnson
Precipitation was below normal during seven
months of the year and Apnl, June, July,
September, and December were the only months

7
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FIGURE 5 1985 Annual Wind Rose for the Rocky Flats Plant
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WATER EQUIVALENT PRECIPITATION (cm)

Site Meteorology and Climatology /RFP ENV 85

FIGURE 6 Monthly and Annual Water-Equivalent Precipitation at the Rocky Flats Plant
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with normal or above normal precipitation The
annual preaipitation ot 32 97 centimeters (12 98
inches) was 14 percent below the 24-year mean of
38 50 centimeters

[II MONITORING SUMMARY

Durning 1985, the Rocks Flats Plant conducted an
environmental momtoring program that included
the samphng and analysis of airbome effluents,
ambient arr surface and groundwater, and sou
External penetrating gamima radiation exposures
were also measured using thermoluminescent
dosimeters The monitoning program consists of
collecting samples from onsite, boundary, and
offsite locations Ambient arr quality momtonng
and momitonng of water for trace quantities of
toxic matenals, metals, mtrates, biocides,
herbicides, volatile organic compounds (VOCs),
and polychlionnated biphenyls (PCBs) also were
performed  Specific details of the routine Rocky
Flats Environmental Momtonng Program are
documented in the ‘Catalogue of Monitoring
Activities at Rocky Flats !

Several environmental permits have been 1ssued to
the plant by Federal and State agencies Currently,
the following permits are m “Active” status

National Pollutant Discharge Elimina-
tion System Permut CO-0001333, issued
by the U S8 Environmental Protection
Agency, December 26 1984

Building 122 Incnerator Permut C-12,
931, ssued by the Colorado Depart-
ment of Health, March 25, 1982

Building 771 Incinerator Permit C-12,
932, ssued by the Colorado Depart-
ment of Health November 3, 1981

Bwlding 776 Fluid Bed Incinerator
Permit C-13 922, issued by the
Colorado  Department of Health,
March 25, 1984

Fugitive Dust Emission Permut 85JEQS2L
for remedial action program, 1ssued by

10

Colorado Department of Health on
May 28 1985

Particulate and tntum sampling ot bulding
exhaust systems was conducted continuousis
Overall, 1985 emnsion data were in the ranges
projected mn the Plant Impact Statument!
and presented no swgruficant nsuit to  the
environment

Particulate samples are collected trom ambic o
air samplers operated contmuousiv onsite at the
plant perimeter, and in fourtecn community Ings
tions Analyus of the samples indicatd that G
concentrations of airborne  plutomum  at
locations were far below the DOE intcrim ~tandrd
DCGs for the 100 mrem lhiut tor contnuos
exposures (See Appendix A ) At the plunt pont
meter and at the community 'ocations the 198
average plutomum concentrations i ambient ur
were 001 percent of the DOE wmterim ~tundud
DCGs

Duning 1985, momtonng of ambient air lor totd
suspended particulates (TSP), ozon. (Q,) ~sultur
dioxade (SO;), carbon monoxide (COY nitrogen
dioxade (NQ,) and lead (Pb) wav comdutad
utihzing a self-contained, Mobilk Ambint Aur
Momntoring (MAAM) van These six parametors
are cntena pollutants regulated by the LPA und
the State of Colorado through the Clean Air Adt of
1970 that includes the National Ambwnt \u
Quality Standards (NAAQS)* For TSP the
calculated annual geometric mean was 37 pereent
of the annual pnmary geometric mean standare
prescribed by the NAAQS The highest one-hour
concentration of O, was 158 percent ot the EPA
pnmary one-hour standard Thus value was won
sistent with levels reported v the Denver
Metropolitan area  For SO, the annual arithi e
mean was 10 percent ot the EPA annual primry
mean standard  The maximum ond hour coneen
tration of CO was 18 percent ot the FPA priman
one-hour standard The anithmetic men ol e
NO, concentrations for 1985 was 22 percnt o
the EPA annual primary mean standard The
quarterly lead concentrations mrasured dunn:
1985 were less than 3 percent of the FPA qurterls
standard

The majonty of the water used during 1985 for
plant process operations and sdanitary purposcs wias
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FIGURE 7 Water Use at the Rocky Flats Plant

treated and evaporated and/or reused for cooling
tower makeup, steam plant use, or for spray
ingation withun the plant boundaries A schematic
diagram of water use 1s shown in Figure 7

Surface runoff from precipitation is collected mn
surface water control ponds After monitonng,
this water 1s discharged offsite These discharges
are monitored for comphance with an EPA
National Pollutant Discharge Ebmmation System
(NPDES) permut ¢ Dunng 1985, the Rocky Flats
Plant had one technical violation of i1ts NPDES
permut which resulted 1n no offsite smpact

Routine water monitonng is conducted for two
downstream reservours and for dnnking water
sources in mne communities The average radio-
activity concentrations for plutonjum, uramum,

americlum, and tntium messured at these locations
were found to be 0 4 percent of less of the DOE
mtenm standard DCGs for water (See Appendix
A) The sum of the average concentrations for
plutonium and americcum in all communty
dnnking water ssmples was 0.2 percent or less
of the State of Colorado regulations for alpha-
emitting radionuchdes® and the EPA National
Intenm Prmary Dnnking Water Regulations’
Average concentrations of tntium in community
drinking water samples were all within local
background range and were 1 0 percent or less
of the applicable State of Colorado and EPA
dnnking water standards 7

Groundwater momtonng was conducted dunng
1985 at $6 samphng locations. Concentrations of
plutomum, uranium, americium, and tntium at all

i1
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locations were well below the calculated DOE
intenm  standard DCGs for surface water
discharged to uncontrolled areas

Biocides and herbicides are used for pest and weed
control at the Rocky Flats Plant Water samples
collected dunng the penod of application indicated
concentrations of the chemicals were well below
recommended concentration bmits  Also, poly-
chiorinated biphenyl (PCB) monitonng showed no
concentrations tn excess »f the analytical detection
limit (one part per billior )

Soil samples were collected 1n 1985 from 40 sites
located on radu from Rocky Flats at distances of
1 6 and 3 2 kilometers ¢ ! and 2 miles) The purpose
of the program was to ietermine if there had been
any changes in plutonium concentrations in the
soil around the plant since the last simular set of
samples was collected 0 1977 This program was
reimtiated dunng 1984 after completion of the
magration and the EPA-companson studies The
plutortum concentrations mn the samples were
in the range of from 00! to 25 pCi/g (037 to
18 5 Bq/kg) which is almost identical to the soil
data reported in 197" This program will be
repeated annudlly to demonstrate that additional
contamination has not been released to the
environment by plant operations

The 1985 environmental measurement of external
penetrating gamma raciatton using thermolumi-
nescent dosimeters (TLDs) showed that the annual
dose equivalent onsite at the plant penmeter, and
at commumnty locations was withun the range of
regional background

Potential public raditation dose commitments,
which could have resulted from plant operations
were calculated from average radionuchde concen-
trations measured at the Rocky Flats Plant property
boundanes and in surrounding communities Dose
assessment for 1985 was conducted for the property
(site) boundary, nearby commumties, and to a
distance of 80 kilometers (50 miles) At the plant
boundary, the maximum 50-year dose commitment
to an individual was calculated to be 6 X 107 rem
(6 X 107 Sv*) effective dose equivalent and
9 X 1073 rem (9 X 10 ° Sv) to bone surfaces By
companson, annual ¢f! " dose equivalent from

“1Sv(Sieverty=1Jkg' - ™ rem

12

the natural raciation 1n the Denver area o~ 1o
about 26 X 107! rem (26 X 1073 Sv o
The 50-year dose commitment of 6 X 107% . »
presents O 6 percent of the DOE mterim radiation
protection standard ot Ol rem cotfective dose
equivalent for all pathways If all ot the dos
were received from the air pathwiy the bong
surfaces dose of 9 X 107 rem would represeet
12 percent of the air emussion standard tor n
organ !

For community locations, the maximuu ridiat on
dose resulted in a 50-year dose comnutmont ot
3 X 1073 rem (3 X 1077 Sv) otiuitive dosg oy,
valent and 6 X 10°% rem (6 X 10™ Suvy 1o b
surfaces These values represent 0 03 poreonr o
the DOE ntenim standard for itectn  dos
equivalent and 08 percent of the wr uniaon
standard for any organ from the air pathw
only }*  These values include contnibutions tror:
fallout caused by atmospheric weapons tuosting
The 50-year commutted effective dose equivalen
to the population living within 80 hilometers (50
miles) of the plant was based on the muvuunum
community dose estimates For the commumity
the maximum effective dose equivalent and the
specific organ doses were alf less than the | X 107}
rem dose equivalent specafied by DOL 4 &
mimms (inconsequential) 2 The dow comm.t-
ment for all individuals to a distanct of N
kilometers, was therctore (onsudired to b
de mmmis

IV MONITORING DATA
COLLECTION ANALYSES. AND EVALUATION

This section descnbes Rockwell International s
environmental monitoning program tor 1983
results of sample analyses, and evaluation ol the
data with regard to applicable guides and stan-
dards The reader is directed to the appendixes at
the end of this report for detailed information
concerning apphcable guides and standards quality
control, analytical procedures. detection hinuts
error term propagation and reporting ot mimmum
detectable concentiiions  Appendix | oncudes
discussion of the muthodology usad tor reporting
measurements that were at or below the nnmmunim
detectable concentrations (MDC) and the inclusion
of negative values in reported data  This ippundix



also discusses the use of the less-than sign (<) and
defines the use of plus or minus () error termsn
the data

A Arrborne Effluent Monitonng

Production and research facihties at Rocky Flats
are equipped with 43 ventilation exhaust systems
Particulates generated by production and research
activities arc entrained by exhaust air streams
These particulate materials are removed from the
air stream in each exhaust system by means of
High Efficiency Particulate Air (HEPA) filters
Residual particulates in each of these systems are
continuously sampled downstream from the final
stage of HEPA filters For immediate detection of
abnormal conditions, ventiation systems that
service areas containing plutontum are equipped
with Selective Alpha Air Montors (SAAMs)
These SAAMs are sensitive to selected alpha energy
peaks and are set to detect piutomum-239 and
-240 These detectors are tested and calibrated
routinely to mantain sensiivity The momtors
alarm automatically if out-of-tolerance con-
ditions are expenenced No such conditions
occurred during 1985

Three times each week continuously collected
particulate samples are removed from each exhaust
system and are radiometncally analyzed for long-
lived alpha emutters The concentration of
long-ived alpha emitters 1s indicative of the efflu-
ent quality and the overall performance of the
HEPA filtration systems If the total long-lived
alpha concentration for an effluent sample exceeds
the plant action gwide value of 0020 X 10712
uCi/me (74 X 10™* Bq;m?), a folowup invest:-
gation 1s conducted to Jetermune the cause and to
evaluate the need for corrective action

At the end of each month, samples from each
ventilation system are composited into a single
sample for specific chemical analysis An aliquot
of each of the dissolved composite-samples from
the 43 exhaust systems is analyzed for berylhum
particulates, using a flameless atomic absorption
spectrometry techmque '*> The remainder of the
dissolved sample 1s subjected to chemical separa-
tton and alpha spectral analysis to quantify
specific alpha-emitting radionuchdes Analyses
for uramum 1sotopes are conducted on the com-

Arborne Effluent Monutoring/RFP ENV 85

posite samples from each of the 43 exhaust svstems
Thurty-five of the ventilation exhaust systems arz
located 1 buildings that contain plutonium
Particulate samples from thoswe 35 systems are also
analyzed for speufic isotopes of piutonium

Continuous samphng for tritium 1s conducted 1n 23
ventulation exhaust systems A bubbler-type
sampler 1s used to collect samples three times
each week Tntium concentrations in the sample
are measured on a lqud scinuilation photo-
spectrometer

Table 2 presents the quantitative data for radio-
isotopes 1n airborne effluents dunng 1985 Dunng
1985 the total quantity of plutomum discharged
to the atmosphere from 35 ventilation exhaust
systems was less than 9 11 uCi (3 37 X 10% Bq)

The maximum plutonium concentration of 1 57 X
10713 pCi/m3 (581 X 1073 Bq/m?) was measured
dunng a 2-day penod in February from an exhaust
system servicing a waste treatment facility The
quantity of plutomum from this discharge (0 087
#C1 (3 22 X 10® Bq)] presented no adverse environ-
mental impact Samples collected prior to, and
following this two-day period were within the
range typically measured in this exhaust system
The total discharge of uramum from 43 exhaust
systems was less than 38 24 uCi (1 41 X 10 Bq)
The maximum uramum concentration of 924 X
1073 uCy/me (3 42 X 1072 Bq/m?) was measured
dunng February from a production facility pro-
cessing depleted urantum The quantity of uranium
from thus discharge {0 848 uCi (3 24 X 10* Bq)]
presented no adverse environmental impact The
tntium discharged from 23 ventilation systems was
0155 C1 (574 X 10° Bq) and includes contribu-
tions from background radiocactivity

Overall, the 1985 data were 1n the normal ranges
projected in the Plant Eavironmental Impact
Statement, and represent no adverse environmental
mmpact

Table 3 presents the berylhum airborne cffluent
data for 1985 The total quantity of berylium dis-
charged from the 43 ventilation exhaust vystems was
not sigmficantly different from the background
associated with the analyses, and these values are
well below the 10 gram per 24 hour emismsion

13
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RFP-ENV-85/MONITORING DATA COLLECTION, ANALYSES, AND EVALUATION

TABLE 2 Radioisotopes in Airborne Effluents

Plutontum® Uranium® Tritum
Totwl Totat Total Cmax®
Sample  Number of Discharge Cﬂ“° Number of Dischasge Cﬂﬂ‘ Number of Discharge  (x 10 *2
Period Analyss (Ch (X 1077 uCl/ms)  Analyses WCh  (x 107 uCUm) Analyses €y G/ m)
Janusty 38 243 0030 £ 0.0063 48 192 0057 £ 00145 299 0012 300: 80
February 38 103 0157 £ 00303 52 443 0924 £ 00206 298 0026 300 = 100
March 35 039 0002 ¢ 00005 46 295 0075 £+ 00140 296 0017 450 = 200
April 37 074 0002 £ 00004 44 2.51 0 004 = 0 0009 274 0013 290: 6V
May 35 042 0002 =0 0004 42 239 0010 £ 00026 213 0019 290 70
June 3s Q13§ 0003 £ 00008 45 514 0.287 £ 0 0238 299 0 008 240:= 80
July 38 058 0003 00006 45 430 0054 = 00054 299 0003 270+ 50
August 35 054 0008 = 00009 42 657 0023 £ 00029 298 0013 270z 50
September 38 04z 0002 = 00001 43 228 0005 = 0 0006 291 0017 1360 = 280
October as 069 0005 2 0.0009 43 177 0 00S : 0 0006 299 0018 590+ 160
November 36 058 0007 + 00001 44 18 0076 = 00098 302 0008 580+ 140
December 3s 09 0029 x 00040 45 .17 0 00S + 00006 w7 0004 290t 65
Summacy 432 9 1 0157 200303 $39 38 24 0924 £ 00206 475 0158 1360 = 280
r—_-llmmly determined as piutonium-239, -240
b Radiochemically determined as uranium-233, 234, and 238.
¢ Crnax is the maximum measured concentration.
TABLE 3 Beryllilum in Airbome Effluents
Total
Sample Number of Discharge® C
Petiod Analyses ® 0‘7""})
Janusy 48 0026 0.0016
Februssy 52 0093 00169
March 46 0030 00007
Apdl 44 0142 00010
Masy 42 0118 0.0021
June 45 -0018 00023
haly 45 0032 00002
Avgust 4 0004 0.0001
September 43 0031 00003
October 43 -0 008 00001
November 4“ 0038 00004
December 45 0018 00001
Summary 539 0496 0.0169

2. The beryilium stationary-source emission-standard is no
mors than 10 grams of beryflium over 2 24-hous period
under the provision in Subpart C of 40 CFR 61 32(a) **

b This value is not significantly different from the
background smociated with the analyses.

14
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standard estabhished in Subpart C of 40 CFR
61 32(a) ¥

B Radioactive Ambient Air Monitoring

High-volume ambient air samplers are located on
the Rocky Flats Plantsite at the plant perimeter
[at distances of approximately 3 to 6 kilometers
(2 to 4 miles) from the plant’s center], and in
surrounding commumties These Rocky Flats-
designed air samplers operate continuously at a
volume flow rate of approxamately 12 £/sec (25
ft*/mimn), collecting particulates on 20- X 25<m
(8- X 10-in) Schleicher and Schuell, Inc, S & §
29 filter media Manufacturer’s test specifications
rate thus filter media to be 99 97% efficient for the
relevant particle sizes under conditions typically
encountered in routine ambient awr samphng !*

Arrborne particulates 1in ambient air are sampled
continuously at 23 locations within and adjacent
to the Rocky Flats exclusion area (Figure 8) The
sample filters are collected biweekly and analyzed
for total long-ived alpha (TLLa) If the TLL«
concentration for an ambient air sample exceeds
the plant guide value (10 X 107! uCymR (3 7 X
10™* Bq/m?)}, a speafic plutomum analysis 1s
performed Dunng 1985 all TLLa concentrations
were less than thus guide vajue

Filters from § of the 23 samplers are routinely
composited and analyzed biweekly for plutonium
These five samplers hav: lustonically shown the
highest plutomum concentrations for the onsite
sampling network Table 4 contains the average
concentrations of plutonium in ambient ar at
these stations duning 1985 The calculated value
for the mean concentration at each location s
referred to as the “point estimate ” For each
plutomum concentration point estimate, a Lower
Confidence Limit (LCL) and an Upper Confidence
Limit (UCL), which define a 95 percent confidence
interval, have been included in the table The
denivation of the pont estimates, the LCL, and
the UCL 1s discussed in Appendix E The average
woncentrations of plutonium in ambient air at the
five onsite stations during 1985 ranged from
0041 X 10715 to 0406 « 107Y uCi/mf (1 52 X
107 to 150 X 10°* Bqg'm®) These concentra-
tions were less than 2 03 percent of the Denved

Radioactive Ambient Air Monitoring/RFP ENV 85

Concentration Gude (DCG) for inhalation of
plutoruum by members of the public

Monitonng for tntium in ambient air water vapor
1s conducted at onsite locations S-4, S-5, and §-16
(Figure 8) Samples are collected and analyzed
weekly The tntium sampler utihizes a one hter/
mnute air pump that operates continuously The
sample 1s collected in a Pyrex tube filled with
sithca gel, which collects moisture from the ambient
arr The samplng equipment 1s contained n an
aluminum case that is insulated, weathertight and
lockable Temperature inside the case i1s controlled
by a small heater and fan that maintain a tempera-
ture between 444 and 322 °C (40 and 90 °F)

Table 5 presents the average concentrations of
tntium in ambient air water vapor at these three
onsite stations dunng 1985 The maximum
average concentration of tntium in ambient air at
the three onsite stations dunng 1985 was less than
150 X 10°% uCi/m% (5 SS Bq/?) This concentra-
tion was less than 0 0075 percent ot the DCG
for oral intake of tnitium by members of the public

Samples of awrborne particulates are collected on
filters by hgh-volume air samplers at 14 locations
along or near the plant pennmeter These perimeter
samplers are located between 3 and 6 kilometers (2
and 4 miles) from the plant center (Figure8) The
samplers are numbered S-31 through S-44 Samples
from each location are collected biweekly, com-
posited by location, and analyzed for a four-week
penod for plutonium Table 6 presents the average
concentrations of plutomum radioactivity in
arrborne particulates at Stations S-31 through S<44
dunng 1985 The average concentration of pluto-
mum in ambient ar at these locations during 1985
was 0002 X 107 uCi/mf (7 40 X 10°* Bq/m3)
This concentration was 0 0l percent of the DCG
for mhalation of plutomium by members of the
public

Samples of airbome particulates are also collected
at 14 locations in or near communities in the
vicinuty of the Rocky Flats Plant These locations,
shown mn Figure 9, are Boulder, Broomfield
Cotton Creek, Denver, Golden, Jeffco Awrport
Lafayette, Lakeview Pomnte,* Leydun Manhall
Supenor, Wagner Walnut Creck and Westnunster

*New location added to community network in January 1985

15
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FIGURE 8 Lacation of Onsite and Plant Penmeter Ambient Awr Samplers
(Portions of figure are not to scale )
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TABLE 4 Plutoruum 239 and -240 Activity Concentrations in Onsite Ambient Air at Selected Locations?
Concentration® (X 10-% uCyme)®

Conin® Conax® Cean’
Number of Volume Point Point Point Percent)
Station  Anslyses (% 1000 m?)® LCL! Estimate UCLS LCL Estimate UCL LCL Estimate UCL ofDCGC
. 85 b1 351 0002 0003 0004 0.087 0072 0087 0029 0041 0Qs2 021
S-6 25 351 0008 0.016 0027 0278 0310 0342 0077 0098 0113 048
s? 25 343 0086 0101 0.116 0.353 0.445 0338 0202 0.245 0290 123
S8 28 344 0040 0063 0.086 1189 1 306 1423 0327 0390 0452 195
$9 25 304 0028 0.041 0084 0944 1169 1394 0337 0406 0478 203

8 Thess selected air-sampling locations are in the proximity of sreas where potantial for airborne radiosctivity exists
- (see Figure 8).
b, Two-wesk composites of station concentrations.
¢. To obtain the proper concsntration, multiply the aumbers in the table by 10-!* 4Ci/me. For exampls, the sverags
!} point estimate st S-S was 0 041 x 10-% uCime.
- d Cpnin * minimum messured concentzation, Cy,yy = maximum messured CONCEAtIAtion, Cpg,, * averags measured
concentration.
e. To obtain the proper volume multiply the numbaers listed in the table by 1000 m* For sxampie, the volume
samples at S-S was 351,000 m*
f LCL = jower confidence limit.
§ UCL = upper confidence limit
h. The interim standard calculsted Derived Concentration Guide (DCG) for inhalation of Class W plutonium by members
of the public is 20 x 10" uCyme (Sec Appendix A )

TABLE § Trdtium Activity Concentrations
in Onsite Ambient Alr Water Vapor

- Concentration (X 10~* »Ci/ma)*

Numbee of Petcent of
Suton  Amlywe  Cpy Comax Crmeen®  DCG*
S 18 -3204550 63021130 <1502660 <O 007S
ss 17 ~3102 350 630t 670 <140:2670 <0 007S
$-16 37 ~140: 640 430z 710 <150:628 <0007S

3 To obtain the propes conceatration, multiply the nunsbes in the
table by 10°® uCl/ink. For example, the sverage concentration
2t $4 was <150 X 10”* uCUme,
b. The average tritium conosntrations are e than 0.75 perosat of
the EPA and State of Colorado primery deinking water Kmits of
20,000 X 107 uCi/mg.
¢ The intatim standard calculated Degived Concentration Guids (DCG) for
ingestion of trittum by members of the public is 2,000,000 X 107 uCl/me.
- (Ses Appendix A.)

Samplie filters are collected biweekly, composited 1985. The average concentration of plutonium in
by location, and analyzed for a four-week period ambent air at the commumty stations was 0 002 X
for plutomum radioactivity Table 7 presents the 1073 uCi/mR (740 X 10°% Bq/m?®) This value s
average concentrations of plutomum in airborne 0.01 percent of the DCG for mhalation of pluto-
particulates at the commumty stations dunng nium by members of the public

17
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TABLE 6 Plutonium-239 and -240 Activity Concentrations in Penmeter Ambient Air

Concentrstion (x 10! uC/me)*

Cj_lh; Comax_ Cmesn_ Percent®
Numbezof  Volume® Point Point Pont ot
Station  Analyses (x 1000 m?) LCL Estimate P—CL_ LCL  Estinats UCL LCL Estimate UCL DCG
$-3% 12 366 -0.007 «0.003 0.00f -0003 0002 0007 -0004 0000 0005 040G
§-32 12 314 -0 008 <0003 0002 0000 0004 0008 0004 0001 0005 001!
$-33 12 407 -0 007 <0002 0003 0009 0012 001 -0.002 0001 0005 oot
$-34 12 351 -0 007 -0.001 0005 <0001 0003 0007 -0004 0001 0005 (At}
§-35 11 268 -0 008 0002 0004 -0002 0005 0012 -0005 0000 0006 000
$-36 11 404 -0 006 -0002 0002 0010 0017 0024 0002 0702 0006 Q0!
537 12 38 -0.004 0.001 0006 0019 0.027 003 0003 000R8 0012 004
s-38 11 336 ~0 007 0002 0003 002s 0031 0037 0000 000S 0010 002
s-39 11 3635 -0 009 ~0.002 0005 0004 0009 0014 -0002 0002 0 007 ool
S40 12 382 -0.009 0003 0003 0000 000s 0010 -0004 0.000 Q 004 000
S41 12 338 ~0 007 0003 06001 0.018 0026 0034 H004 0002 0007 001
542 12 350 -0.008 0001 0003 0014 0021 0028 0002 0002 0007 o0l
§43 12 374 ~0.007 0002 0003 0004 0009 0014 0002 0002 0007 001
S44 12 378 -0.008 -0.003 0002 -0.001 0004 0009 -0004 Q001 000$ 0ol
Summary 166 - - 0003 - - 0.031 - - - - -
Average - - - - - - - - - o002 - 001
Concentration

8. To obtaia the proper conceatration, multiply the sumbers Jsted in the tadls by 107* uClUme.
For sxample, the meen point estimate at 3-31 was 0.000 X 10-** 4Cl/me.
b To obtain the peoper volume, multiply the sumbers listed in the table by 1000 m*

For exampls, the volume sampled at 3-31 was 326,000 m*

c. The interim standard calculated Detived Concentration Guide (DCG) for inhalation of Class W

plutonium is 20 X 107 uCi/me. (Ses Appendix A.)

C Nonradioactive Ambient Air Monitoring

During 1985, monitoring of ambsent ar included
the following total suspended particulates (TSPs),
ozone, sulfur dioxide, carbon monoxide, nitrogen
dioxide, and lead This momtoring utilized instru-
mentation in a self-contained van equipped for
Mobile Ambient Awr Monitoning (MAAM) These
s1X parameters are criteria poliutants regulated by
the EPA and the State of Colorado through the
Clean Air Act Amendments of 1970 and 1977
whach includes the National Ambient Aur Quality
Standards (NAAQS) and Colorado Air Quality
Control Commussion Ambient Aiwr Standards. Table
8 identifies the detection methods and operating
ranges of the MAAM montoring analyzers with
corresponding comphance standards Durning 1985,
the van remained stationary at a location near the
east entrance to the plant Ths 18 an open area

18

near a traffic zone and 1s generally downwind from
plant buildings Ambient air data were collected
over the entire year, including several months of
data from a prototype inhalable particulate
type sampling inlet (Wedding PM-10) Proposed
regulatory requirements may require samplng
particulates 1n the range of <10 mucrons, total
suspended particulate samphng may be required
for tracking 24-hour secondary standards In
early 1986 the Environimental Analysis and Con-
trol (EA&C) Sectisn at Rocky Flats will
implement the use of both co-located PM-10 and
TSP samplers at the present sampling location
The Wedding PM-10 sampler 1s certified to meet
the EPA proposed standard at a flow rate ot 40
CFM. Some statistical data on the PM-10 sampling
are presented 1n Table 9 for information puiposes
only No compansons to standards will be made
until the new standards are fully promuigated
Particulate and PM-10 data are shown in Table 9
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FIGURE 9 Location of Community Ambient Air Samplers
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TABLE 7 Plutonium -239 and -240 Activity Concentrations in Community Ambient Air

Concentration (x 104 uCi/me)*

Cm Cm Cmeiﬂ
Percent!
Numberof  Volume® Poiat Pont Pomt of
Station Anslysss  (x 1000 m?) LCL Estimste UCL LCL Estimate UCL LCL Esumatc UCL DCG

Marshall 12 368 ~0007 0002 0003 0004 0008 0012 -0003 0O00F 0006 OO}
Joffco Airport 12 382 Q005 -0001 0003 0007 0014 0021 -0002 0002 0007 0O!
Superior 12 355 0007 -0002 0003 0002 0003 0008 -0004 0000 0005 000
Boulder 12 407 Q008 0002 0001 0003 0008 0013 -0003 0001 000S Q31
Lafavette 12 333 -0006 -0001 0004 0017 0022 0027 -0002 0003 0008 Q02
Broomfieid 12 383 0007 -0002 0003 0000 0004 0008 0004 0000 0004 000
Walnut Creek 12 396 0004 0001 0002 0002 0008 0Ol4 -0002 0002 0QQ06 OO!
Wagner 12 376 -0007 0003 0001 0004 0010 0016 -0003 0002 0006 OO
Leyden 12 406 <0004 0001 0002 0003 0009 0015 -0002 0002 0006 00!
Westminster 11 13 <0003 0000 0003 Q010 0018 0026 0O00L 0006 QOt2 003
Denver 12 315 0006 -0.003 ©0000 0003 0007 0011 -0003 0002 0007 OO
Golden 12 323 -0007 -0002 0003 0000 0007 0014 -0004 0001 0006 o0t
Lakeview Pointe 12 409 <0005 -0002 000FL 0004 0009 OOl4 -0002 0002 0006 0QO1
Cotton Croek 11 308 -0.021 0004 0013 -0002 0004 0010 -000S 0O00F 0006 OO1
Summary 167 - <0 004 - - 0027 - - - - -
Average - - - - - - - - 0002 - 001
Concentration

a. To obtain the proper concentration, multiply the numbers listed in the table by 10~** uCi/ms.
For example, the meen point estinate at Marshall was 0 001 X 10~'* uCl/ma.

b To abtain the proper volume, multiply the numbers tsted in the table by 1000 m?
For exampls, the volume sampled at Masshall wes 368,000 m*

¢ The interim staadard calculntad Derived Concentration Guide (DCG) for inhalation of
Class W plutoniam is 20 X 10°'* uCi/me. (See Appendix A.)

Measurement of TSPs and lead were conducted
using the EPA reference high-volume air sampling
method The pnmary ambient ar particulate
sampler and a co-docated duplicate sampler were
operated on the EPA once-every-sixth day samphng
schedule The lughest TSP value recorded (a
24-hour sample) was 90 ug/m3, which 1s 34 percent
of the 24-hour pnmary standard of 260 ug/m?
The annual geometric mean value for 1985 was 47
pg/m?®, which was 34 percent of the NAAQS
primary annual geometnic mean standard of 75
sg/m*®  These numbers are comparable to mean
values reported by the Colorado Department of
Health (CDH) for TSP measurements at the south-
eastern plant boundary at Woman Creek and
Indiana Street These measurements have yielded
annual average particulate levels in the range be-
tween 30 and 66 ug/m? whch 1s lower than the

20

NAAQS The quarterly average lead concentions
for the four quarters of 1985 were at mimimum
detectable levels, except dunng the first quarter
when the concentration was 0 119 ug/m*® These
values are less than 4 percent of the NAAQS
pnmary standard of | 5 pug/m® Ambient ozone
dats were collected using an ultraviolet (UV)
photometric type analyzer During 1985, a total
of 8,620 I-hour ozone samples were collected
The maximum 1-hour value was 0 286 ppm, wiuch
15 158 percent of the NAAQS pnimary one-hour
standard of 0 120 ppm The <econd hughest 1-hour
ozone value, which occurred durnmng the  sam
afternoon 1n May was 0 195 ppm These valucs are
consistent with levels measured i the gencral
Denver metropolitan area dunng hgh pollution
episodes
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TABLE 8 Mobile Ambient Air Monitoring (MAAM) Van Detection Methods
and National Ambient Air Quality Standards (NAAQS) for Total Suspended
Particulstes, Ozone, Sulfur Dioxide, Carban Monoxide, Nitrogen Dioxids, and Lead

20

—

Parameter Detection Methods and Analyzsr Ranges NAAQS Averaging Time Concentration
Total Suspended Reference Method (Hi Volume) Annual Geomemc Mean
Particulates (TSP) 24-Hour ampling Primary® 73 ug/m?
{6th-day scheduling) Secondary® 60 pg/m?
24-Hour
Primary®< 260 pg/m*
SecondarydS 150 pg/m?
Ozone (0,) Beckman Modsl 950 Chemiluminescent 1-Hour
0-0.5 ppm Primary® 012 ppm
(ThermoElectron Model 49)
Sulfus Dioxids (SO,) ThezmoElsctron Model 43 Anaual Arithmetic Mo
Pulsed Fluoresosmcs
0-0.5 ppm Primary® 0 030 ppm
* 24-Hout
Primary®® 0 140 ppm
3-Howr
Secondary®© 0 500 ppm
Carbon Monoxide (CO) ThermoElectron Model 48
Gas Filter Cocrelation (infrared) 1-Howe
0-50 ppm Primary®* 35 ppmn
8-Howr
Primasy?S 9 ppm
Nitrogen Dioxide (NO, ) Monitar Labs Model $840 Chemiluminssosat Annual Asithmetic Moan
00 S ppm Primary® 0 03 ppm
Lesd Reference Method (HS Volune)
24-Hour Sampling Calendar Quarter
(Atomic Absorption Analysis) Primary® 13 ug/m?

&. Primary NAAQS are intended to protect public health.

b Secoadary NAAQS are intended to protect public weifare,

¢. Not to be sxcesded more than once paz year

d. Statistically estimated number of days with conceatrstions
in excess of the standasd is not to be more than 1 0 per year

21



RFP-ENV-85/MONITORING DATA COLLECTION ANALYSES AND EVALUATION

TABLE9 Onsite MAAM Van Ambient Axr Quakity Data

{(Nonradioactive)
Total Suspended Pasticulates (ug/m?)
Total Number of Samples - A"? 60
Total Number of Samples - gnb 10
Geometric Mean, Sampler A”™ 470
Geometric Mean, Sample: B 558
Standard Deviation, Sampler “A" 169
Standazd Deviation, Sampler “B™ 224
Observed 24-Hour Moamum “A™ 8
Observed 24 Hour Muamum, “B™ 918
Second Highest Maxymum A ° 843
Second Highest Moamum B° 885
Lowest Observed Value, A 200
Lowest Observed Value, ‘B 240
PM-10 Particulates (ug/m?)
Total Number of Samples 8° 47
(3/24/8S - 12/31/8%5)
Geometnic Mean “B" 212
Standard Deviation "B’ 88
Obssrved 24-Hour Maximum “B” 434
Second Highest Maxmnum B" 358
Lowest Observed Vajue ‘B 63
Ozons (ppm)
Number of Observations, Hourly® 8620
Arithmetic Mean, Annual 0.044
Maxmmum }-Hour Concentration 0.286
Second Highest 1-Hour Concentration 0.195
Mmmum Obesrvation, Hourly 0.001
Carbon Monoxids (ppm)
Number of Observations, Hourly® 8,620
Arithmetic Msan, Annual 067
Maamum 1-Hour Concentration 63
Maximum 8-Hour Conceatration 220
Munimum Observation Houtly 0.10
Nitrogen Dioxide (ppm)
Number of Observations, Hourly® 8,640
Arithmetic Mean, Annual 0.011
Maxymum 1-Hour Concentration 0.116
Minimum Observation Hourly 0.001
Sulfur Dioxide (ppm)
Number of Obssrvations Hourly® 8,115
Anthmetic Mean, Annual 0003
3 Hour Average, Highest 0.026
24-Hour Averags, Highest 0012
Maxumum 1-Hout Concentration 0.035
Alrborne Lead (ug/m?)
Jan-Mar AprJune JubSep Oct-Dec
Total Numbet
of Samples 6 6 6 ]

Quarterly Avg. 0119 0098 0105 0072

a. Primary ambient ar particulate sampler

b Co-located duplicats sampler

¢. Continuous millivelt analyzer output is composited
and converted to engineering units for comparison
10 NAAQS (soe Tabile 8)
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Sulfur dioxide sampling was conducted usmnyg 4
continuously operating pulsed fluorescence type
analyzer calibrated by use of a certified cylinder
gas and a dynamic gas dilution calhbration
system The cylinder gases, as well as the mass
flowmeters, have traceability 1o prnmadry standards
set by the National Bureau of Standards The
maximum l-hour SO, value recorded at the
plant was 0035 ppm and the maxunum
observed 3-hour average value was 0026 ppm
whuch 1s 5 percent of the NAAQS 3 hour standard
Of 0 500 ppm The calculated annual arithmetic
mean value of 0003 ppm s 10 percent ot the
NAAQS annual mean standard of 0030 ppm
The maximum observed 24-hour average ‘ror
SO, was 0012 ppm, whuch ts 9 percent ot the
NAAQS 24-hour standard of 0 140 ppm

The 8,500 hourly averages of carbon monoxide
(CO) data collected during {985 using a gas filter
correlation (IR) type analyzer, yielded an annual
anthmetic mean of 0 67 ppm, including a maximum
{-hour average value of 63 ppm wluch s I8
percent of the NAAQS prnimary 1-hour standard ot
35 ppm A maxumum 8-hour average concentration
value of 220 ppm was recorded which s 24
percent of the 8-hour NAAQS primary stundird
of 9 ppm

The nitrogen dioxude (NO,) data contain 8 640
hourly averages of continuous sampling and gawve
an anthmetic mean of 0011 ppm which v 22
percent of the NAAQS prnimary mean standard
value of 005 ppm The maximum !-hour value
noted dunng this time period was 0 116 ppm

The data for all parameters were assessed with an
accuracy of t 12 percent based on routine prec-
sion and operational span checks multipoint
dynamic cabbrations, and estabbished qualitv
assurance procedures

As part of an ongomng Environmenta! Andlysis &
Control quality assurance program all of the
MAAM van analyzers were subjected to an inde-
pendent audit dunng 1985 Responws ot ali
analyzers were within the range of established EPA
guidelines for ambient air momtonng nelwoiks
(£ 15%)

D Waterbomne Effluent Monitoring

North Walnut Creek receives stormwater runotf
from the north side of the plantsite (Sec Figur 4 )
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- TABLE 8 Mobile Ambient Air Monitoring (MAAM) Van Detection Methods
and National Ambient Air Quality Standards (NAAQS) for Total Suspended
Particulates, Ozone, Sulfur Dioxide, Carbon Moaoxide, Nitrogen Dioxide, and Lead

Parsmeter Detection Methods snd Anslyzer Ranges NAAQS Averuging Time Concentration
Total Suspended Refsrence Method (i Volume) Anaual Geometzic Mean
- Particulates (TSP) 24-Hour sampling Primary® 78 ug/m?
(6th-day scheduling) Secondary® 60 ug/m®
24-Hour
Primary®* 260 ug/m?®
- Secondary®© 150 ug/m?®
Ozons (O0,) Beckman Model 950 Chemiluminescent 1-Hows
0-0.5 ppm Primary®4 012 ppm
(ThepmoElsctron Model 49)
Sulfur Dioxide (S0, ) ThermoElectron Modsl 43 Annual Arithmetic Mean
Pulsed Fluoreacence
- 040 S ppm Primary® 0 030 ppm
24-Hour
Primary®* 0 140 ppm
— 3-Hows
Secondary® 0 500 ppm
Cazbon Monoxide (CO) ThemmoElectron Model 48
- Gas Filites Cogrelation (Infiared) 1-Houe
0-50 ppem Primagy®* 3S ppm
$-Hour
Primary$* 9 ppm
Nitrogen Dioxide (NO, ) Moanitor Labs Model 8340 Chamiluminsscent Annual Arithmetic Mean
00 5 ppm Primary® 00S ppm
— Lead Reference Method (Hi Volume)
24-Hour Sampling Calendar Quarter
(Atomic Absorption Anelysis) Primary? 15 ug/m?
_— a. Primary NAAQS sre intended to protect public health.

b Secondary NAAQS are intended to protect public welfare.

c. Not to be sxcesded more than oncs pes year

4. Statistically estimated aumber of days with consentrations
—_— in excess of the standasd is not to be more thas | 0 par year

2
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TABLES Onsite MAAM Van Ambient Awr Quality Data

(Nonradiocactive)
Total Suspended Particulates (ug/m?
Total Numbez of Samples - A" 60
Total Numbet of Samples - B ° 10
Geometric Mean, Sampler A" 470
Geometric Mean, Sampler “B* 558
Standard Deviation, Sampler ‘A" 169
Standsrd Deviation, Sampler ‘B” 224
Observed 24-Hour Maximum ‘A" 88S
Observed 24-Hour Maamum “B” 918
Second Highest Maximum o™ 8413
Second Highest Maxjmum B" 88s
Lowest Qbserved Value, A 20.0
Lowest Observed Value, B 240
PM 10 Particulates (ug/m?)
Total Number of Samples ‘B’ 47
(3/24/85 - 12/31/85)
Goometric Mean “B" 212
Standard Deviation “B" [ % ]
Observed 24-Hour Maximum “B*” 434
Second Highest Maxmum “B" ss
Lowest Qbserved Value ‘B 63
Ozone (ppm)
Number of Observations, Hourly® 8,620
Arithmetic Mean, Annual 0.044
Maximum 1 Hour Concentration 0.2%
Second Highest 1-Hour Concentration 0.198
Miumum Obsetvation, Hourly 0.001
Carbon Monoxide (ppm)
Number of Observations, Hourly® 8,620
Arithmetic Mean, Annual 0.67
Maumum [-Hour Concentrstion 63
Maximum 8-$Hour Concentration 2.20
Minimum Observation Hourly 010
Nitrogen Dioxide (ppm}
Number of Observations, Hourly® 8,640
Anthmetic Mean, Annual Qo011
Maximum I-Hour Concentrstion 0116
Mimumum Observation, Hourly 0.001
Sulfur Dioxide (ppm)
Number of Observations, Hously® 8,118
Arithmstic Mean, Annual 0.003
3 Hour Averags, Highest 0.026
24-Hour Averags, Highest 0.012
Maximum 1 Hour Concentration 0.035
Airborne Lead (ug/m?)
Jan-Mar AprJume JulSep Oct-Dec
Total Number
of Samples 6 6 [] 8

Quarterly Avg. 0119 0098 0.108 0.072

a. Primary ambient axr particulate sampier

b, Co-located duplicats sampier

c. Continuous millivolt analyze: output 18 composited
and converted to engineering units for comparison
to NAAQS (see Table 8)
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Sulfur dioxide sampling was conducted using a
continuously operating pulsed fluorescence type
analyzer calibrated by use ot a certified cylinder
gas and a dynamic gas diution calibration
system The cylinder gases, as well as the masy
flowmeters, have traceability to pnmary standards
set by the National Bureau of Standards The
maximum [-hour SO, value recorded at the
plant was 0035 ppm and the maximumn
observed 3-hour average value was 0026 ppm
which 1s 5 percent of the NAAQS 3 hour standurd
Of 0500 ppm The calculated annual anithmetc
mean value of 0003 ppm 1s 10 percent of the
NAAQS annual mean standard of 0030 ppin
The maximum observed 24-hour averige ton
SO; was 0012 ppm, which 15 9 pureent ot the
NAAQS 24-hour standard of O 140 ppiu

The 8,500 hourly averages of carbon monoxide
(CO) data collected during 1985, using a gas filter
correlation (IR) type analyzer yielded an annual
anthmetic mean of 0 67 ppm, including 2 maximum
l-hour average value of 6 3 ppm whch s I8
percent of the NAAQS primary l-hour standard ot
35 ppm A maximum 8-hour average concentration
value of 220 ppm was recorded which »n 24
percent of the 8-hour NAAQS primary standard
of 9 ppm

The nitrogen dioxide (NO;) data contain 8 640
hourly averages of continuous samphng and gave
an anthmetic mean of 0011 ppm wiuch s 22
percent of the NAAQS primary mean standard
value of 005 ppm The maxumum I-hour value
noted duning thus time penod wa- 0 116 ppm

The data for all parameters were assessed with an
accuracy of * 12 percent based on routing¢ prec-
sion and operational span checks multipont
dynamic calibrations, and established quality
assurance procedures

As part of an ongoing Environmental Analysis &
Control quality assurance program all of tix
MAAM van analyzers were subjected to an inde-
pendent audit duning [985 Responses of all
analyzers were within the range of established EPA
guidehines for ambient air monitoring ntworks
(£ 15%)

D Waterborne Effluent Momtonng

North Walnut Creek receives stormwuater runott
from the north side of the plantsite (Sce Figured )
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Holding Pond A-3 on North Wainut Creek 15 used
to impound this surface runoff for analysis pnor
to discharge A second control pomnt, holding
Pond A< is located further downstream

Ponds A-! and A-2 are isolated by valves from
North Walnut Creek In the past, these ponds have
been used for storage and evaporation of laundry
water This practice was discontinued 1n 1980
These ponds currently are maintained 1n a state of
readiness for control of possible chemical spills
into the North Walnut Creek dramnage basin
Disposition of Pond A-! and A-2 runoff water
1s through natural evaporation and 18 enhanced by
spraying water through fog nozzles over the surface
of the ponds Excess water that does not evaporate
1s then recollected by the ponds

South Walnut Creek receives surface water runoff
from the central portior of the plant This water is
diverted through a culvert system to Pond B4 and
then to Pond B-5 where the water 1s impounded
for analysis pnor to controlled offute discharge

In the past, treated sanitary wastewater was also
routtnely discharged to South Walnut Creek This
practice was disconttnued in 1979 Between 1981
and 1985, some treated samitary wastewater has
been recycled through the plant Reverse Osmoss
(RO) Facility for further treatment and reused in
plant cooling towers Excess water that could not
be recycled was discharged directly to Pond B-3 or
pumped into the RO holding ponds and spray-
wrngated onto Rocky Flats buffer zone areas Ponds
B-1 and B-2, also located in the central drainage,
are reserved as backup control ponds These ponds
can be used to retain chemical spills, surface water
runoff or treated sanitary wastewater

Surface runoff water from the south side of the
plant is collected in an interceptor ditch and flows
nto Pond C-2, where the water 13 impounded and
analyzed before discharge offsite Woman Creek,
also in the south drainage, 1s 1solated from this
diversion system Pond C-1 1s used as the
monitonng pont for Woman Creek

Discharges from the Rocky Flats Plant are
monitored for complance with appropnate
Colorado Department of Health Standards and
EPA National Pollutant Discharge Elmunation

Waterborne Effluent Monitoring/RFP-ENV 85

System (NPDES) perrmt hmitations ¥  Annual
average concentrations of chemical and biological
constituents of hquid effluent samples collected
from Ponds A-3, A4, B-3, B-5, and C-2 during
1985 are presented in Table 10 The data are
indicative of overall water quahty for these ponds

Dunng 1984, the plant NPDES permit expired and
was renewed with the same seven discharge
locations-001, 002, 003, 004, 005, 006, and 007
The discharge locations are indentified in Table 10
The NPDES permit places monitoring and re-
porting requirements and bmitations on daily
concentrations and monthly average concentrations
for some specific parameters There was one
techmcal violation of the NPDES permit during
1985 This February 1985 »iolation involved
an accidental discharge of excess chiortnated
treated sewage wastewater to Pond B-3 (discharge
location 001) The water should have been pro-
cessed through the RO plant, but a faulty valve
caused leakage to Pond B-3 A techmcal violation
occurred when the water was discharged trom
Pond B-3 into Pond B-5 contaming ! 0 mg/? of
total ressdual chlonne The allowable it 1s 0 5
mg/¢ There was no downstream discharge of this
chjornated water, the chlorne levels in Pond B-S
dissipated to background levels when ambient air
temperatures increased  The violation was re-
ported to Region VIII of the EPA by the Rocky
Flats Plant No offsite environmental impact
occurred

Prior to discharge from Ponds A4, B-S and C-2,
water 1s sampled and analyzed for gross alpha
gross beta, tntium, gamma activity, pH, mtrate
as N, and nonvolatile suspended sohds Water 1s
not released if the plant action level for any
parameter 1s exceeded

Durnng releases from Ponds A4, B-5, and C-2 n
1985, the water was sampled continuously The
samples were analyzed for plutomium, uranium,
americium, tntium, pH, nitrate as N, and non-
volatile suspended solids Water 1s also sampled
continuously and collected daily from the outfall
of Pond C-1 and collected from the Walnut Creek
at Indiana Street sampling station (when there 15
flow) Daly samples were composited wnto
weekly samples for plutontum, uramum, and
amencium analyses. Once each week, daily samples

23
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TABLE 10 Annual Averags Concentrations of Chem-
ical and Blological Constituents 1n Liquwd Effiuents?

Numbex of
Parameters Asalyses Crin Crnax Cmean
Dischargs 001°
pH, SUS 17 69 103 -
Nitrate as N, mg/® 17 04 58 29
Total Suspended Solids, mg/4 17 20 42.0 112
Total Residual Chiocine, mg/t 17 0.0 10 02
Total Chromium, mg/t 11 <0 0S <0.08 <0.0S
Total Phosphorus, mg/t 17 22 52 3s
Fecal Cotiform, #/100 mg 14 <10 2.3 <11
Biochemical Oxygen
Demand (BOD,), ma/t s 317 158 s.0
Duscharge 002°
pH, SU 8 76 81 -
Nitrates as N, mg/® [ ] 12 110 52
Dischargs 003°
Dunng 1985, no discharges wers made to offsite waters from the
Reverse Osmosis Piiot Plant.
Discharge 004°
Dunng 1985, no dischazges were made 10 offsits waters from the
Reverse Oumodis Plant.
Dischargs 008
pH,SU 12 77 8.6 -
Nitrates as N, mg/R 12 14 3.2 46
Nonvolatije Suspended
Solids, mg/ 12 10 25 11
Discharge 006®
pH SU 50 74 8.8 -
Nitrates as N, mg/2 s <02 92 <16
Nonvolatile Suspended
Solids, mg/t 50 0.0 92 77
Dischargs 0070
pH SU 2 | B 82 -
Nitrates as N, mg/t 2 02 0.2 02
Noavelatile Suspended
Solids, mg/t 2 40 90 [ ¥

a Examples of NPDES Permit limitations are pressnted in Table A-1
b. The Environmental Protection Ageacy NFDES discharge permit



at Pond C-1 and Walnut Creek at Indiana Street
are analyzed for trtium Concentrations of piuto-
mum uranpum, amencium and tnitium in water
samples from the outfalls of Ponds A4, B-5, C-1,
C-2, and from Walnut Creek at Indiana Street are

Waterborne Effluent Monitoring/RFP ENV 85

presented in Tables 1! and 12 All plutonwum,
uranium, amencium, and tntium concentrations
at these locations were | 0 percent or less of the
DOE intenm standard Derived Concentration
Guydes (DCGs)

TABLE 11 Plutonium, Uranium, and Americium Concentrations at the Rocky Flats Plant

- Number of Percent of
Location Analysss Crmia Cmax Crnoan DPCG
Plutonium Concentration (X 10~* «Ci/me)®
- Pond A4 s 001 2002 004 :002 002 =001 0007
Pond B-5 17 00202003 005 2002 0013 £ 0007 0004
PondC1 51 000 20.02 0.010: 002 0027 £ 0002 0009
_ Pond C-2 1 005 2003 0.05 +¢003 005 2003 002
Walnut Creek at [ndiane Styeet 48 Q01 2005 008 2001 0018 £ 0002 0 006

Uranium Concentration (X 10°° uCiime)®

Pond A4 § 30 5012 66 208 $0 202 10
Pond B-5 17 32 03 10 st 61 202 12
_ PondC1i 51 014 £0.09 65 208 284 £008 06
Pond C-2 1 37 208 37 203 37 208 07
Walnus Cresk at Indians Street 48 03 201 83 208 39 =007 08

Americium Concentzation (X 10~* uCl/me)®

Pond A4 § 005 20.08 007 2002 001 20.02 002
Pond B-S 17 005 20.08 013 2006 go1r :00! 002
- Pond C-1 £} 004 +0.08 008 2002 00110002 002
Pond C-2 1 0.04 2002 004 2002 004 £0.02 0.07
Walnut Creek at Indisna Street 43 005 2008 0.05 2006 00130003 002

- a Radiochemically determined as plutonium-239 and -340 The interim standard calculated
Derived Concentration Guids (DCG) for platonium in water available to menbers of the
public 8 300 X 107 .Ci/me. (Ses Appendix A.)

b. Radiochemically detetmned as uranium -233, -234, and -238 The integim standard calculsted

— Derived Concentration Guide (DCG) for uranium in water svailable to members of the
public is 500 X 10~ uClme. (Ses Appendix A.)

c. Radiochemically detesmined as americium -241 The interim standard calcelated Derived
Concentration Guide (DCG) [os americium in watez svailsble to members of the public
_ 1560 X 107 uCi/m (Ses Appendix A.)

TABLE 12 Trittum Concentrations in Water at the Rocky Flats Plant
Tritium Concentration (% 10 uCl/mt)

Numbez of
- Location Analyses Cania Cmax Casan Percent of DCG*
Pond A4 15 <2002 60C 12001700 200 s 200 ool
Pond B-S 50 =500 1100 800900 200 + 100 0ol
- Pond G-t 49 -1000+ 1100  300:700 100z 100 0008
Pond C2 2 02 600 3002700 200 SO0 001
Walzat Creek st (ndiana Street 48 450021100 7002700 100 £ 100 0.005

- *The interim standard calculsted Derived Concentration Guide (DCG) for tritiom
in water availabie to the members of the public is 2,000,000 x 10r® uCi/me. (Ses
Appendix A.)
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TABLE 13 Uranium Concentrations in Rocky Flats Raw Water Supply
Usanium Concentration (X 10 4Ci/ma)®

Number of

Location Analyses Cmm

Cnax Crnoen Percent of DCG

Rocky Flats Raw Water® 12 01

320203 12201 02

a. Radiochemically determined as urapium 233, -234, and -238
The interim standard calculsted Derived Conceatration Gusds
(DCG) for ursnmm in water available to membdery of the public

is $00 X 10~* uCi/mg. (Ses Appendix A.)

b Source of raw water - Ralston Reservors and South Boulde: Diversion Canal

As previously mentioned surface runoff water
from the Rocky Flats Plant passes through Ponds
A-4, B-5, and C-2 where the water 1s sampled and
analyzed for radionuchdes dunng the discharge
process Duning 1985, the total cunes measured
for piutorium from Ponds A4, B-5, and C-2 were
114 X 1076, 171 X 10", and 109 X 107¢,
respectively The total cunes measured for uranium
were 286 X 107%,804 X 10°%, and 081 X 107*,
respectively. The total cunes measured for
amencium were 572 X 1077, 132 X 10”7, and
8 74 X 10”7, respectively And finally, the total
curies measured for tritium from Ponds A4, B-§,
and C-2 were 114 X 1072, 264 X 1072, and
044 X 1072, respectively

Durning 1985, Rocky Flats Plant raw water supply
was obtained from Ralston Reservoir and from the
South Boulder Diversion Canal Ralston Reservoir
water usually contains more natural uramum
radioactivity than the water flowing from the
South Boulder Diversion Canal During the year,
uranuum analyses were performed monthly on
samples of Rocky Flats raw water The uramum
concentrations measured during 1988 are presented
in Table 13 Uramum concentrations measured
duning 1985 1n raw water averaged 12 X 10°°
uCi/mRf (0 05 Bq/2) or 0 002 ug/mR.

Biocides and herbicides are used for pest and weed
control on the Rocky Flats plantsite, and water
samples are collected from Ponds B-4 and C-1 dur-
ing application Analytical results for the matenals
used, 2,4-D and Bromacil, have consistently been
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less than 2 parts per billion The recommended
concentration limit for these matenals 1s 100 parts
per bilion

Approxumately 2000 gallons of polychlonnated
biphenyls (PCBs) contammng low-level plutonium
radioactivity are stored at the Rocky Flats Plant
The EPA has been requested to approve a plan for
removal of these contamunated materials Some
operating transformers contain PCBs. and each s
wentified and protected according to EPA regula-
tions Analytical results from downstream waters
during 1985 showed no concentrations of PCBs
in excess of the analytical detection hLmut of
approxumately 1 part per bilion

E Groundwater Monitoring

Extensive hydrogeologic and groundwater quality
investigations were conducted during 1985 Hydro-
geologic projects included reviews of all geologic
reports prepared from 1952 through 1984, reviews
of lthologic logs and well construction data,
geologic mapping, surface and borehole geophysical
investigations, soil vapor sampling feastbility
studies, and well hydraulic tests. All existing wetlls
were field surveyed and theirr total depths
measured The existing groundwater quality data
base (1973-1984) was reviewed, site groundwater
quality was characterized, and the existing ground-
water monmitonng program was evaluated Based
on that evaluation seversl changes to the program
are being implemented

m
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Hydrogeology—Two  hydraubcally connected
groundwater flow systems are present at the Rocky
Flats Plant Flow occurs 1n the Rocky Flats
Alluium and valley fill matenals, and in the
Arapahoe Formation The Lararme-Fox Hills
Aquifer also underhes the plant, but 1s separated
from the Arapahoe Formation by several hundred
feet of the relatively impermeable shales of the
Upper Laramie Formation There 1s little, if any,

hydraulic connection between the Arapahoe and
Laramie-Fox Hills Formations Figure 10 shows

the general relationships between geologic units
underlying the plant area

The Arapahoe Formation dips approximately S to
15 degrees eastward toward the center of the
Denver Basin The Arapahoe 1s composed of thick
claystone with mostly discontinuous, interbedded
sandstone lenses Some continuous lenses occur at

Groundwater Monitoring/RFP-ENV 85

depths of approximately 135 to 175 feet The
Rocky Flats Alluvium overhes the Arapahoe
Formation The alluvium 1s a poorly sorted de-
posit of sand, gravel and cobbles which 1s up to 50
feet thick west of the plant but has been completely
eroded east of the plant The alluvum forms a
gravel-capped surface which is dissected by North
Walnut, South Wainut and Woman Creeks

Groundwater m the alluium and valley fill s
recharged by ranfall, snowmelt, and nfiltration
from creeks, ditches, ponds, and spray evaporation/
unigation systems Water 1s discharged through
evapotranspiration, springflow, baseflow to the
drainages, and subsurface flow The majonty of
the groundwater movement in the Arapahoe
Formation occurs in sandstone lenses Recharge
to the sandstones occurs at their subcrops beneath
the alluvium and by downward leakage through

FIGURE 10 Geologic Cross-Section in the Rocky Flats Plant Ases
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FIGURE 11 Locations of Groundwater Momtoring Wells at Rocky Flats
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the claystones. Flow 1s generally eastward toward
the regional discharge area along the South Platte
Ruver

Sampling and Analysis—Dunng 1985, samples were
collected 1n March, July, October, and December
from the 56 momtoring wells shown in Figure 11
Six of the wells range from 30 to 79 meters (100
to 258 feet) in depth All remaining wells range
from 1 to 19 meters (3 10 64 feet) deep and are
located near solar evaporation ponds, holding
ponds, underground tanks old waste bunal sites,

Groundwater Monitoring/RFP-ENV.-85

1 landfill, spray mngation sites, and Walnut and
Woman Creeks.

Groundwater samples are analyzed for inorganic,
organic, radioactive, and water quality indicator
parameters The specific parameters analyzed are
listed in Table 14 Conductiity and pH are
determuned electrometncally Total dissolved
solids (TDSs) are determined by standard
gravimetnc techniques Alkalimty and hardness
are determined by electrometnc titration Anions
are analyzed by on chromatography The cations
and metals are analyzed by atomic absorption and

TABLE t4 Chemical Parametens in the Groundwater Monitoring Program

Indicstors
Total Dissolved Solide
Total Organic Carbon

U A
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emission spectroscopy Radiometnc analyses are
performed using standard counting techmques
Total orgamic carbon (TOC) and volatile orgamic
compound (VOC) concentrations are determined
according to standard EPA procedures

Results of the laboratory analyses are presented
i Tables 15-18 for the plutomum, amencium,
uranium, and tntium  As identified in Tables 15
and 16, plutonium and amencium are barely
detectable

Uranium exceeding the plant’s internal control
guide of 300 X 10°? uCi/m2 was detected only
m Well 460 Anomalous concentrations of
urarpum (15 X 107 uCi/mQ) were found 1n Wells
160, 6-71, 9-74, 10-74, 15-74, 17-74, and 1-82
(see Table 17) Pockets of uranmium occur naturally
in the soils and rocks surrounding the plantsite
Some of these uramium deposits have proven nch
enough to be commercially exploited  Thus,
native rock, rather than plant operations, is the
source of much or all of the uranium detected 1n
groundwater Regardless of the source, uramium
concentrations in groundwater samples did not
exceed hustorical concentration levels

Tntium was detected mn Wells 4-60 and 6-71 n
concentrations exceeding the plant control guide-
hine of 1500 X 10°% uCi/mf (see Table 18) A
review of the previous data indicates that trittum
levels in groundwater samples from these wells
fluctuate considerably No tntium concentrations
in 1985 samples exceeded those of previous years

There are no applicable Denved Concentration
Guides (DCGs) for groundwater However, the
concentrations of plutonium, amencium, uranium,
and tntium in all samples were well below the
calculated Department of Energy intenm standard
DCGs for water discharged to uncontrolled areas
(See Appendix A) Groundwater data for the
other parameters listed in Table 14 have been com-
piled and summanzed in the Rocky Flats Resource
Conservation and Recovery Act (RCRA) Part B
Permut Apphcation for Radioactive Mixed Wastes
submitted to both the US Enwvironmental Protec-
tion Agency and the Colorado Department ot
Health (US Department of Energy, 1985) Based
on the detection of VOCs in several wells on
plantsite, comprehensive hydrogeologic investiga-
tions were mtiated duning 1985 to determne the
sources, concentrations and extent of VOCs in
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Rocky Flats groundwater Briefings and updates
on the progress of the hydrogeological it
charactenization were presented at several State
exchange public meetings in 1985 Involvement by
the Colorado Health Department (CDH) on sphit
samphng of groundwater samples and nspection ot
groundwater monutoring wells and samphng
activities also occurred duning 1985 Installation
of new high quality monitoring wells and further
groundwater assessment studies are scheduled tor
CY 1986 Results from these groundwater
mnitiatives will be forthcoming in the CY1986
annual Environmental Momtonng Report

F Regional Water Monitoring

Regional water momitoring includes sampling and
analysis of public water supphes and tap water
from several surrounding commumties Ot the
regional water supplies, only Great Western
Reservorr and Standley Lake receive tunoft from
Rocky Flats drainage systems (Figure 4) The
Rocky Flats contributions to radionuchdes m
regional water supplies through airborne einissions
were estimated in the Plant Environmental Impact
Statement ! These contributions were insigmficant
compared to contnbutions from fallout and natural
background

Water samples were collected weekly during 1985
from Great Western Reservoir, a water supply for
the aty of Broomfield, and from Standley Lake
a water supply for the aty of Westmnster and
portions of the cities of Thomton and North-
glenn The weekly samples were composited into a
monthly sample, and analyses were pertormed for
plutommum, uramum and amerncium concentra-
tions Tntium analysis was conducted for each
weekly sample Annual grab samples were also
collected from three regional reservoirs (Ralston
Dullon, and Boulder) and one stream (South
Boulder Diversion Canal) at distances ranging
from 1 6 to 96 kilometers (1 to 60 miles) from the
plant These samples were collected to determind
background data for plutonium, uramum
amencium, and tntium tn water  These data e
presented in Tables 19 and 20

Drninking water from Boulder, Broomfield and
Westminster was collected weekly, composited
monthly, and analyzed for plutonium, uramum
and amencium  Tntium analyses were performed
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TABLE 15 Plutonium Concentrations in Groundwater Monitoring Wells
Plutonium Concentration (X 10°* uClime)*

Location th ,
Number (e e _wy _omet December’
160 8 0032003 Dry Dry
- 260 7 Dry 003:012 0.02:002
360 6 0041003 001:012 006 =03
450 [ -00120.02 013012 003:002
$-60 6 Dry 0002012 Dry
- 660 9 0002002 00312012 005:002
166 4% 002:002 002:012 007:002
266 43 ©03:001 005:011 ND
366 4“4 601002 ©03:013 0012001
— 168 1 Dry Dry Dty
2468 1 Dry Dry Dry
368 1 Dry Dry Dry
4-68 1 Dry Dry Dry
- 171 9 0012002 003:012 ND
271 9 003 £ 0.02 ~0.03:012 ND
3N 9 -002+0.01 ©003:012 003:0L2
471 7 -0 01 2 0.01 002012 003:003
- N 8 m‘ Dry Dey
671 19 ND 003012 005:002
174 7 -0.01 2 0.02 001012 0012003
374 7 Dry Dry Dry
_ 474 2 Dry Dry Dry
$74 6 Dry Dry Dry
6-74 2 Dry Dry Dry
774 18 0.04 £ 0.02 -0.02:0.12 ND
_ 8-74 12 Dry Dry Dry
9-74 6 001 £0.02 0022012 <001:003
10-74 3 0.03 £ 0.02 Dry Dry
1374 3 0.01 £ 0.02 «002:012 0.00 £ 0.03
14-74 1 Dry Dry Dry
- 15-74 6 003 £0.02 00431012 002:002
16-74 1 Dry Dry Dry
17-74 4 0012002 0012012 005 :002
18-74 2 Dry Dry Dty
- 2174 79 0012002 0022012 ND
22-74 61 002:0.02 000012 003 2 0.04
WwS-1 8 0022002 -004 £ 0.11 0.03 £ 0.03
ws-2 4 0021002 -003:013 Dry
- wS-3 4 Dry Dry Dry
181 6 -001 £0.02 003013 003:002
281 6 000003 0.02x0.13 003:002
381 6 003 :0.02 0.02:012 ND
- 4-81 1 Dbry Dry Dry
$8l1 3 000 £ 0.02 0.03:0.12 0.01 £ 0.03
6 81 9 0.0220.02 -0.0220.12 -0.01+002
7-81 9 0.01 £ 0.02 0.002012 -003 2002
—_ 8-81 30 0002002 0022011 0.00 £ 0.03
981 9 -0 00 £ 0.02 0.01 £ 0.13 0.01 £ 0.03
10-81 9 0.04 £ 0.03 0022013 001002
1-82 6 -0.03 £ 0.01 -0.03 £ 0.12 0.00 = 0.03
- 282 3 Dry Dry Ory
3-82 8 <002 £ 0.02 -0.0220.13 0.00 2 002
4.82 9 Dry Dry Dry
582 9 0082003 0012012 -0 00 £ 0.02
- 692 9 0012002 <001 £0.12 0.01:002
782 7 Dry Dry Dry

a. Radiochemically determined as plutoaium 239, 240.
b No Data Availabie.
¢. Noo-Resource Conservation and Recovery Act (RCRA) wells.
d. RCRA weils (pius 15-74) Seventesn cxisting wells were designated as “interim status”
groundwater monitosing wells in 1981 as part of the Department of Energy's RCRA-
equivalent program. n
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TABLE 16 Amencium Concentrations in Groundwater Monitonng Wells

Americium Concentration (X 10°* uCi/mg)*

Location Depth
Number (meters) March Suly October® Decemberd
1-60 8 004002 Dry Dry
260 7 Dry -00S + 006 004:006
3460 6 004 £ 0.02 001:006 006 =006
460 H 003 £0.02 0002006 002:006
5-60 6 Dry -0.01: 006 Dty
660 9 0022003 ©01:007 000=006
1-66 4% 005:002 0030086 014:00"
266 43 004 £ 002 -0 04 = 0.06 ND
346 “ 00412002 002:006 ND
108 1 Dry Dry Dry
268 1 Dry Dry Dry
3-68 1 Dry Dry Dry
468 1 Dry Dry Dry
171 9 0002002 004 : 006 ND
N 9 0022002 016008 0022 0.06
31 9 008 :002 001:006 005 .0006
4N ? 005:002 004 2006 002+ 006
571 8 D% Dry Dry
6-71 19 ND' 0.03:007 011:00
1-74 7 0012002 000:006 003:006
374 7 Dry Dry Dty
474 2 Dry Dry Dry
574 6 Dry Dry Dry
674 2 Dry Dry Dry
7-74 15 0012001 001006 ND
8-74 12 Dry Dry Dry
974 6 0032002 0.04 : 007 008 = 0.06
10-74 3 001:002 Dry Dry
13-74 6 002 £ 0.02 <002+ 006 0002006
14-74 1 Dry Dry Dry
15.74 6 010003 001006 0062006
16-74 1 Dry Dry Dry
17-74 L3 002+ 0.01 0162008 006 = 007
18-74 2 Dry Dry Dry
21-74 79 0012002 002:006 003 £ 0.06
2274 61 003 20.07 000 0.06 <0.02 £ 0.06
wS-1 ] 0012001 “002:006 002:006
ws-2 4 003 :0.02 002+ 006 Dry
ws-3 4 Dry Dry Dry
1-81 6 0.02: 002 004 2006 005:006
281 [ 0.01 : 002 -0.06 : 0 07 009:006
381 [ 006 £002 0.02+007 ND
4-81 1 Dry Dry Dry
s-81 [} 002:002 006 £007 001 £ 0.06
§-81 9 0042002 0012006 0142007
7-81 9 0072002 005:007 0082 0.06
8-81 30 002:002 0042006 0.06 £ 0.06
9-81 9 003£002 000=006 -0 03 = 0.06
10-81 9 0022002 -002:006 004 £ 0.06
1-82 6 004002 004006 01720.07
2-82 3 Dry Dry Dry
ig2 8 0.04 £ 002 003007 0.10 £ 0.07
4-82 9 Dry Dry Dy
5-82 9 0002002 0002008 00820.07
6-82 9 007+002 0.02 = 0.06 0022 0.06
7-82 7 Dry Dry Dry

a Radiochemically determined as americium -241

b. No Data Availeble.

¢ Non-Resouzcs Conssrvation and Recovery Act (RCRA) wells

d. RCRA wells (plus 15-74) Seventeen existing wells were designated as “intecim statas”
groundwater monitoring wells m 1981 as part of the Department of Energy’s RCRA-
squivalent program.
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TABLE 17 Uranium Concentrations in Groundwater Monitonng Wells

Uranmum Concsntration (x 10°* uCi/me)?

- Location Depth
Number (meters) March July Octobert Decemberd
160 8 184222 Dry Dry
2-60 7 Dry 133:38 ND
- 360 6 66208 $1:38 104:14
460 5 2391227 454270 ND
560 6 Dry 44133 Dry
660 9 28:04 28238 23:0%
- 166 4% 03:01 0034 04:02
2466 43 14202 02:34 ND
366 44 28204 18234 ND
1-68 1 Dry Dry Dry
- 2-68 1 Dry Dry Dty
368 1 Dry Dry Dry
468 1 Dry Dry Dry
171 9 16204 22:36 ND
- 27! 9 11202 2034 02:02
37N 9 01201 04234 ND
471 7 01201 06234 1003
s-71 8 D Dry Dey
- 6171 19 ND 294269 277246
174 7 $620.7 31238 49207
3-74 7 Dry Dry Dry
474 2 Dry Dry Dry
- 574 6 Dry Dry Dty
674 2 Dry Dry Dry
7-74 15 412038 4233 41207
374 12 Dry Dry Dry
-— 9-74 6 2185230 154239 20933
10-74 3 151217 Dry Dry
1374 6 $§5:07 47238 56208
14 74 1 Dry Dry Dry
- 15-74 6 230228 171244 54242
16 74 1 Dry Dry Dry
17-74 4 16222 149240 220:3S
18-74 2 Dy Dry Dry
-— 21-74 79 14203 0634 03:0.2
2274 61 69210 742386 76:09
WwS-1 8 00201 D4234 01202
ws-2 4 41207 22206 Dry
— ws3 4 Dry Dry Dry
181 6 385208 20205 24205
28 [ 24204 27208 29:0S5
381 [1 12202 4238 ND
— 481 1 Dry Dry Dry
5-81 6 122214 101£36 12816
6-81 9 120218 06234 14203
781 9 15203 77238 20204
— 8-81 30 39:08 3gz08 1608
9-81 9 05202 02204 10203
10-81 9 01201 01104 05202
182 [ 66237 1992 4.8 18.1: 24
- 282 3 Dry Dry Dry
3g2 8 00201 04237 00202
482 9 Dry Dry Dry
§82 9 0.2:01 02234 Q1202
- 6-82 9 05202 01234 06203
782 7 Dry Dry Dry
3 Radiochemically determined as uranium -233, -234, and -238.
b. No Data Availsble.
c. Non-Resource Conssrvation and Recovery Act (RCRA) wells.
d. RCRA wells (plus 13-74) Seventeen axisting wells were designated as “'intezim status™
groundwater monitoring wells tn 1981 as part of the Department of Energy’s RCRA-
. equivalent program 1
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TABLE 18 Tritium Concentrations in Groundwater Monitoring Wells

Trittum Concentration (X 10" #Ci/mg)

Location Depth

Number (meters) March July October® December-
160 8 340+ 690 Dry Dty
2-60 7 Dry -280 2 290 540 920
360 6 NDA 170 £ 650 600 = 86u
460 5 300+ 780 80 £ 920 4590 = 1530
5460 6 Dry 500670 Dy
6-60 9 650710 5702670 220 = 13,0
1-66 46 ND 500 £ 680 660:1,7N
266 43 1480 = 750 690 + 680 ND
356 44 1050 = 730 3102 660 =20 9t
168 { Dey Dry Dsy
268 1 Dry Dry Dry
3638 1 Dry Dry Dry
468 1 Dry Dry Dry
17 9 820 £ 710 2502 660 -30 £ 630
27 9 130 £ 680 1302650 190 ¢+ 410
31 9 ~200 £ 390 480 5 680 300 880
471 7 220 £ 680 300 = 660 20+ 650
5N 8 Dry Dry Dry
[ 2 19 ND 1810z 710 500 2 1410
174 7 380 £ 690 590 £ §90 340+ 650
3-74 7 Dry Dry Dry
4-74 2 Dry Dry Dry
574 § Dry Dry Dry
6-74 2 Dry Dry Dry
1714 15 2101 680 $00 + 680 -130 £ 640
874 12 Dry Dry Dry
974 6 220 + 680 460 : 680 50 £ 630

10-74 3 270 £+ 680 Dry Dry
1374 [ ~280 £ 650 40 2 650 110 £ 640
14-74 1 Dry Dry Dry
15-74 6 80 2 640 220 670 1802 860
16 74 1 Dry Dry Dty
1774 4 1050 £ 690 1502670 520 = 1380
1874 2 Dry Dry Dry
74 79 -190 2 680 80630 70 £ 640
22-74 61 600 £ 700 50650 ~90 ¢ 400
wSs-1 8 220 £ 680 ~-2202630 -110 2 400
ws-2 4 02670 10 £ 640 Dry
ws3 4 Dry Dry Dry
181 [ 390 £ 690 -240 £ 630 7502 1380
281 [ 320 £ 690 =290 £ 630 420 ¢ 1440
38 6 2102 700 401630 20 = 1380
4-81 1 Dry Dry Dry
531 6 340 2 690 140 2 650 180 2 410
6-81 9 100 £ 680 210 ¢ 660 1090 ¢ 440
781 9 ~340 « 650 =260t 630 390 2650
8-81 30 -260 26350 ~1902 630 802650
9-81 9 80670 1702 650 -160 £ 400
10-81 9 150 2 680 50 2 640 190 2 410
1-82 [ 530 ¢ 700 2802670 -150 £ 640
282 3 Dry Dey Dry
3-82 8 3802690 -360 + 620 2301 420
482 9 Dry Dry Dry
$-82 9 260 2 680 20 2 640 1702 410
682 9 1000 £ 720 280 £ 630 18012 910
7-82 ? Dry Dry Dry

s No Data Available.

b. Non-Resourcs Conssrvation and Recovery Act (RCRA) wells.

¢. RCRA wells (plas 15-74)  Seventeen existing wells were dediguated as “intesim status”
goundwater monitoring weils in 1981 a8 part of the Department of Energy’s RCRA-
equivalent program
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on weekly grab samples Quarterly grab samples
of tap water were collected from the surrounding
communities of Arvada, Denver, Golden, Lafayette,
Lowswille, and Thornton Samples were analyzed
for plutonium, uramum, amernicium, and tntium
These data are presented in Tables 19 and 20

Evaluation of the regional reservoir and dnnking
water data indicates no unusual results The
plutomum, uramum, amencium, and tntium
concentrations for the regional reservoiurs repre-
sented a small fraction (0 5 percent or less) of the
DOE mntenm standard Denved Concentration
Guides (DCGs) The average plutomum concentra-
tion 1n Great Western Reservoir was 0 009 X 107
uCymf% (32 X 10™* Bq,®) Ths value 1s in the
range of concentrations predicted for Great
Western Reservoir 1n the Plant Environmental
Impact Statement! The wvalues given mn the
Impact Statement are based on known low-level
plutonium concentrations in the reservorr sedi-
ments Results of the 1985 plutonium, uramum,
amernicium, and tntium data for dnnking water 1n
mne commumties were within the background
range All dnnking water values were Q0 3 percent
or less of the apphcable DCG

Drninking water standards have been adopted by the
State of Colorado® and the Environmental
Protection Agency (EPA)' for alpha-emitting
radionuclides (excluding uranmium and radon) and
for trittum These standards are 15 X 107 uCi/m2
and 20,000 X 10™® uCi/mf (5 55 X 10°* Bq/f and
740 Bq/% respectively Dunng 1985, the sum of
the average concentrations of plutomum and
amencium (alpha-emitting radionuclides) in each
commumnity tap water sample was 003 X 10
pCiy/mR (11 X 107* Bq/%) or less That value 1s
0 6 percent or less of the EPA and State of Colorado
dnnking water standard for alpha acuivity The
average tritium concentrations in Great Western
Reservoir, Standley Lake and in all community
tap water samples was 200 X 107 uCi/mR (74
Bq/2) That value 1s typical of background tritium
concentrations in Colorado and represents | 0
percent or less of the EPA and State of Colorado
drinking water standard for tnitium &7

G Soil Sampling and Analysis

Forty soil samples were collected in September
1985 at radial intervals of approxamately 18

Sotl Sampling and Analysis/RFP-ENV 85

degrees and at approximate distances of 1 6 and
3 2 kilometers (1 and 2 miles) from the center of
the plant The geometry of the soil samples was
controlled by dnving a 10 X 10 centimeters (4 X 4
inches) cutting tool 5 centimeters (2 inches) into
undisturbed soil *¢ The soil sample withun the tool
cavity was removed for analysis Five subsamples
were collected from the corners and center of two
one-meter squares, which were spaced one meter
apart Each set of ten subsamples was composited
for the radiochemical analysis for plutonium

The 1985 plutomum 1n soil data are summanzed
in Table 21 and displayed 1n Figure 12 Withun the
plant secunty area, plutonium concentrations were
i the range from 002 to 10 pCyg (074 to 37
Bq/kg) Outside the plant secunty area (in the
plant buffer zone) plutonium concentrations were
in the range from 001 to 25 pCi/g (037 to 18 5
Bq/kg) The maximum values are in the eastern
sector and are due east of the previously con-
taminated o1l storage area The plutonium
concentrations measured in 1985 were almost
identical to those reported for samples collected
at the same sites in 1984 The mayor exceptions
are at site 1-090 where the 1984 value 15 eight
times higher than that for 1985 and at site 2-090
where the 1984 value i1s four times higher than
that for 1985 Possible explanations for these
decreased concentrations are continuous weathenng
and downward migration of plutomum and the
existence of ‘“‘hot particles” in those areas con-
taing elevated plutontum in sosl concentrations

H External Gamma Rsdiation Dose Monitoring

Thermoluminescent dosimeters (TLDs) are used to
measure external penetrating gamma radiation
exposure at 47 locations on and off the plantsite
Replicate TLDs are located at each ste tor an
exposure penod of three months The TLDs are
placed at 19 locations withun the property enclosed
by the secunty fence shown in Figure 1 Mcasure-
ments are also made at 16 penimeter locations 3 to
6 kilometers (2 to 4 miles) from the plant andin 12
communties located within 50 kilometers (30
miles) of the plant The TLDs are placed at a
height of 1 meter (3 feet) above ground level
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TABLE 19 Plutomum, Uranium, and Amencium Concentrations in Public Water Supplies

Number of Percent of

Location Analyses Cmun Cmax Cmean DCG
Reservor Platonium Concentration (X 10-* uCiime)?
Boulder 1 002 2002 002 2002 002 =002 0007
Dallon 1 004 002 004 002 004 =002 001
Great Western 12 -0.00S = 0 00S 006 £002 0009 = 0002 0003
Ralston 1 001 2002 001 £002 001 =002 0003
South Boulder Diversion Canal 1 001 2002 01 £002 001 =002 <0 001
Standley 12 -0 001 £ 0 007 0011 £ 0004 0004 = 0004 000!
Drinking Water
Arvada 4 002 2008 001 2003 -0 002=002 <0 001
Boulder 12 0.000 2 0.008 0015 2 0.009 0006 = 0003 0002
Broomfield 12 004 002 008 £002 0004 = 0003 0001
Denver 4 <002 2002 002 £Q03 000 =002 <0 001
Golden 4 <0.03 :002 002 003 000 =002 <0 001
Lafayette 4 001 2005 006 2003 002 =002 0007
Louisville 4 002 2008 000 002 001 =002 <0001
Thornton 4 000 =003 0.01 2003 000 =002 <0 001
Westmunster 12 ~0 002 2 0 006 001 20004 0003 : 0002 0001
Rezarvolr Uranium Concentration (X 10°* 4Cim)®
Boulder 1 ' 09 :01 0.9 :01 09 =01 02
Dillon 1 18 02 18 =02 18 =202 03
Great Western 12 18 202 33 204 238 =008 04
Ralston i 20 02 20 :02 20 =02 03
South Boulder Diversion Canal 1 06 0.1 06 201 06 =01 01
Standley 12 11 202 2l 202 160 =006 03
Drinking Watsr
Arvada 4 0.20 £ 008 09 =01 041 =005 007
Boulder 12 002 :0.07 041 008 016 =002 003
Broomfisid 12 10 01 20 :03 145 =006 02
Denver 4 08 :01 21 302 128 =008 02
Golden 4 0s :01 20 202 126 =008 02
Lafayette 4 00 201 03 =01 013 =008 002
Loussville 4 002 :008 007 2008 003 2004 0005
Thornton 4 08 :01 26 03 17 =0t 03
Westminster 12 03 :01 13 202 065 =003 01
Reservoir Americium Conceatration (X 10-* u4Ci/m2)°
Boulder 1 001 =0.06 001 =£0.06 001 006 <0 001
Dillon 1 005 2006 008 006 008 2006 0o8
Great Western 12 000 :0.01 005 :002 0012: 0004 002
Raiston 1 004 £006 004 2006 004 2006 007
South Bouildsr Divernion Canal 1 002 2006 002 :+006 002 2006 003
Standley 12 0.01 2006 003 002 0.006 = 0.006 0.01
Drinking Water
Arvada 4 <0.02 : 006 004 2006 000 =003 <0 001
Boulder 12 <001 001 006 £002 0015 : 0004 ool
Broomfield 12 008 2001 00S 2002 0007 £ 0003 oot
Denver 4 “0.04 :0.08 0.08 2006 000 2003 <0 001
Golden 4 004 :0.08 010 006 000 003 <0001
Latayette 4 001 20.06 003 2006 00t £003 002
Louuville 4 Q04 :008 006 2006 002 003 003
Thornton 4 001 2006 003 006 00t 2003 002
Westmnster 12 <001 2001 006 2002 0011 : 0004 002

4 Radiochemically determined as plutorndum -239 and -240 The interim standard calculsted Derived Concentration Guide (DCG)
for plutonium in water evailable to membars of the public is 300 X 10°* uClU/me (See Appendix A.)

b Radiochemically determined a3 urasium -233, -234, and -238. The interim standard calculsted Derived Concentration Guxde
(DCG) for ursnium in water availabie to membders of the public is S00 X 10°° ¥Ci/mt (See Appendix A.)

¢. Radiochemicslly detscrnined as americium 241 The interim standard calculated Derived Concentration Guide (DCG) for
americium in water availabie to members of the public is 60 X 10~* uCi/me (Ses Appendix A.)
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TABLE 20 Tntium Concentrations n Public Water Supplies

Numbez of Percent o1
- Location Analyses Cnn Cmax Cnean DCG
Reservour Tritium Conceatration (X 10°* uCi/me)*
- Boulder 1 -100: 600 -100 & 600 ~-100 £ 600 <0001
Dillon 1 -200+ 600 =200 : 6§00 ~200 2 600 <0 001
Great Western 49 -600t 600 700 = 800 100 2 100 0005
Ralston 1 -300¢ 600 -300 £ 600 =300 £ 600 <0 001
- South Bouider Diveruion Canal 1 0: 600 0600 0+ 600 <0 001
Standley 49 -400: 700 900 & 700 200 = 100 001
Dnnking Water
Arvada 4 =200z 600 300 2 800 0= 400 <0001
Boulder 49 -1000 = 1000 800700 100 = 100 0005
Broomfield 49 500+ 700 1000 £ 600 200+ 100 001
- Denver 4 -400: 600 400 = 800 0 = 400 <0001
Golden 4 -100 = 600 600 z 800 100 = 400 0 00S
Lafayette 4 -400: 600 300 + 800 0 £ 400 <0 001
Louidsville 4 -600: 600 100 z 800 -100 £ 400 <0001
-— Thornton 4 -300:2 100 500 £ 800 100 = 300 0 005
Westminster 49 -300+ 700 900 = 800 100 = 100 0005

*The interim standard calculated Derived Concentration Guide (DCG) for tritium in water svadable to
-— members of the public is 2,000,000 x 10~* uCi/me. The EPA and State of Colorado Primary
Dninking Water Regulation limits for tritium are 20,000 x 10-° uCi/me

TABLE 21 Plutonjum Concentration in Rocky Flats Ares
Soll Samples® at One and Two Miles From the Plant

Location P (pCyg)® Location ™ eCyp®

1-018 0152002 2018 004 2 001

- 1036 0082001 2-036 002£001
1-054 0022001 2034 0.03 £ 001

1072 032:003 2072 0332003

— 1-090 10 £009 2090 25 :025
1108 130 213 2108 041£004

1-126 19 2017 2126 042004

_ 1144 032+ 003 2144 004 2 001
1162 0102001 2162 0.01 + 000

1180 0062001 2180 0.11 2 001

1198 016002 2198 002:001

- 1216 005200l 2:216 004 £ 0.01
1234 0052001 2234 0.05 2 001

1-252 0142002 22852 0.04 £ 001

- 1270 007:001 2270 0.04 2 001
1-288 005:001 2288 0.04 £ 001

1306 0092001 2-306 006 £ 001

_ 1324 015:002 2324 0042001
1342 002:001 2342 0.13: 001

1-360 011:001 2360 009 = 0.0

2. Sampled to a depth of S cm
b Concentrations are for the fraction of soil
measuring less than 2 mm in diametaz
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Duning 1983, conversion from a Harshaw TLD
system to a Panasonic system was mtated For
one complete calendar year, two TLDs of each
type were used at each momtonng location
Beginning 1n 1984 only the Panasonic TLDs were
used

The environmental TLDs consist of two Panasonic
802 dosimeters, each of which has four elements
Only one of the elements of each dosimeter 1s
used This eiement consists of CaSO, Tm deposited
on a polymid surface The phosphor 1s covered
with a clear Teflon, and backed with an opaque
ABS plastic The TLDs are packaged in a small
plastic bag, a paper envelope, and another plastic
bag to protect them trom the weather Total
filtration over the phosphor 1s 178 5 mg/cm?

The environmental dosimeters have been indi-
vidually calibrated against a Cs-137 gamma source
Calibration lineanity studies have confirmed that
TLD response is Linear tor exposure levels ranging
from 10 mrem to 6000 mrem The average calibra-
tion factor for each dosimeter i1s apphed to
measurements taken with that dosimeter An
additional correction 1s applied to correct for
day-to-day variations in reader calibration

It was determined thar a statistically sigmficant
(p = 005) difference in response exists between
the Harshaw environmental monitoring system
used prior to 1984, and the Panasomc environ-
mental monitoning systems used beganning in 1984
In order to compare the 1985 values with the
previously reported Harshaw data, 1t 1s necessary
to multiply the Panasoni. results given in Table 22
by 1 046

The data sheets with the locations of the
dosimeters for the second quarter 1985 were [ost
duning a staff relocation, so 1t was not possuble in
determine a dose equivalent for that quarter tor
each of the three location categories Procidur.-
have been changed to preclude reoccurrence ot
this problem The average dose equivalent va,
determuned for the second quarter for all locations
to be 40 mrem (0 40 mSv), whuch was comparable
to the values obtained for the other threc quarter.
for all three location categories At the 95 perc. it
confidence level, there was no significant dufor
ence between the total mean dose of the second
quarter and the total mean doses for the first
thurd, or fourth quarters The annual dowe
equivalent for each location category was
calculated by determining the average mrem day
for each of the three categories using data from
Quarters 1, 3, and 4 These values were then
multiphed by 36525 to obtain yearly totals

In previous Annual Reports, the Annual Measured
Dose was reported with a 95 percent confidence
interval on the mean using the standard error ot
the mean, calculated from the vamance of the
individual measured values Thiv vuar, the 95
percent confidence interval on an individual
observation within each location category -
calculated as 1 96 standard dewviations - has been
added to the report Ths latter interval may be
used for assessing the vanabihity of the individual
location measurements within a location category

The 1985 environmental measurements using TLDs
are summanzed in Table 22 The average annuat

TABLE 22 Eavironmental Thermoluminescent Dosimeter Measurements

95% Confidence
Mean Annual 95% Confidence Interval on an
Location Number of Numbez of Measured Doss Interval on ths Mean Indvidual Measurement
Category Locations Measurements (mrem)® (mrem) (mrem)©
Onsite 19 93 151 s 4 £ 37
Penimeter 16 75 137 22 + 22
Cummunity 12 56 153 S5 39

o Sceond quarter measunments were not used 1n caiculating the annual measured dose for Lach
location wategory bucause location information was lost  The mean total doss for all locations
for the second quarter was not significantly different at the 95% confidencs Jevel than for the

lst, 3rd, or 4th quarters for all locations.
b Calcuiated as | 96 standard deviations of the mean (1 56 og).

¢ Calculated as | 96 standard deviations of the individual measursments (1 96 oy)
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dose equivalents, as measured onsite, in the
penimeter environs, and in commuwnties, were 151,
137, and 153 mrem (1 51 137, and 1 53 mSv),
respectively These values are indicative of back-
ground gamma radiation n the area ®

V ASSESSMENT OF POTENTIAL
PLANT CONTRIBUTION TO
PUBLIC RADIATION DOSE

In August 1985, the Department of Energy (DOE)
adopted an interim radiation protection standard
tor DOE environmental activities to be implemented
in CY1985 1! This intenm standard incorporates
guidance from the National Council on Radiation
Protection and Measurements (NCRP), as well as
the Enviconmental Protection Agency air emis-
sion standards of 40 CFR 61, Subpart H Included
in the intenm standard 1s a revision of the dose
Umits for members of the public and tables of
radiation dose conversion factors to be used for
calculating dose from intakes of radioactive
materials The dose factors are based on the
International Commussion on  Radiological
Protection (ICRP) Publication 30 methodology
for radiation dosimetry The DOE intenm
standard and the dose conversion factor tables
have been used in this 1985 ‘‘Annual Environ-
mental Momtoring Report” for assessment of the
potential Rocky Flats Plant contnbution to
public radiation dose As wn past Annual Reports,

the dose lmits and dose conversion factors used
are specified, and companisons can be made with
information 1 past Annual Reports to determine
the magnitude of the changes

Potential public radiation dose commitments
which could have resuited from plant operations
were calculated from average radionuclige concen-
trations measured at the DOE property boundary
and 1n surrounding commumties Inhalation water
ingestion, and ground-plane uradiation are the
pnncipal pathways of exposure Swimming and
consumption of foodstuffs are insigmticant path-
ways Ths latter finding 1s to be expected bevause
of hmited swimming and fishuing in the area and
because most locally consumed food is produced at
considerable distances from the plant

The dose assessment for 1985 was conducted for
several locations the Rocky Flats Plant Property
(site) boundary, nearby communities, and sites to a
distance of 80 kilometers (50 miles) Dose Conver-
sion factors used for the inhalation and water
ingestion pathways were denved from the tables
provided by DOE ! The relative abundances of
plutomum and amencium isotopes in plutomum
used at Rocky Flats (shown in Table 23) were used
to calculate composite dose conversion factors
for inhalation The fractions of ingested
radionuchdes that are absorbed from the gastro-
intestinal tract and the lung clearance classes tor
wnhaled radionuchides were chosen to maxumize

TABLE 23 Isotopic Compoation of Plutonium Used at Rocky Flats®

Relative Weight Specific Activity
lsotope ® Cig)
Pu-238 001 171
Pu-239 9379 00622
Pu 240 5 80 0228
Pu-241 036 103 5
Pu-242 003 000393
Am 241 -~ -

*Bets Adlivity

1 Obtamd by muitiplying the purcent by weight by the specific actinty

Relative Activity? Fraction of
(Ch) Pu Alpha Activity®
000171 00233
005834 07962
001322 01804
037260 5085
118x 10* 161x10*
- 0 20°

b Obtaned by dividing the relative activity by the sum of the relative activities for

the plutonqum sipha smitters.

c The value for Am-241 15 taken to be 20% of the plutonium alpha activity
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the associated dose conversion factors  The
inhalation rate of 266 X 107* m3/s and the
water mgestion rate of 2 £ (2 quarts) per day
were denved from data for reference man and
were included in the factors ” Each of these
dose conversion factors 1s for a SO-year dose
commitment from one year of chronic exposure
Ground-plane irradiation dose conversion factors
are from pubhshed data by D C Kocher %1
The dose conversion tactors used in this report
are listed 1n Table 24

A Dose Assessment Source Terms

Plutoium and americtum m the Rocky Flats
environs are the combined result of fallout deposi-
tion from giobal atmosphenc nuclear weapons
testing and past releases from the plant Uranum,
a naturally occurnng clement, 1s indigenous to
many parts of Colorado and also 1s used in plant
operations in vanous isotopic ratios Tntwum, a
radionuclide formed by natural processes, also 1is
associated with plant operations and fallout

Inhalation source terms for the 1985 dose assess-
ment were based on plutomum -239 and -240
concentrations measured 1n ambient air samples

Dose Assessment Source Terms/RFP ENV 85

Although 1t s known that much of ths plutenium
mn arr s from residual fallout from past global
atmosphenc weapons testing, for the purpose ot
this dose assessment 1t was assumed that all of the
plutonium ongnated from the Rocky Flats Plant
The ingestion source terms were based on
measured concentrations of plutonium, amernicium
uramum, and tritium in water The ground-plane
source terms were based on measured values of
plutonium 1n soil and an assumed ratio of 0 20 tor
the amencium to plutonium alpha activity in the
so1l This ratio 15 the maximum leve! of amencium
in-growth from Rocky Flats plutonium }

The maximum site-boundary dose assessment
assumes that an individual 1s continuously present
at the plant penimeter, which actually s unin-
habited The piutoruum inhalation source term
of 8 X 107! uCi/mf (3 X 1077 Bq/m?) was the
maximum annual average concentration of
plutonium-239 and -240, as measured for a single
location m the perimeter ambient air samplhing
network

The water supply for the individual at the site
boundary was assumed to be Walnut Creck which
intermittently flows offsite and provides the hquid
effluent source term at the site boundary Dunng

TABLE 24 Dose Conversion Factors Used 1n Dose Assessment Calculations

Inhalstion®: ® Water Ingestion® © Ground-Plane Izradiationd
rem milliliter rem miiiliter (rem squate meter
macrocurie microcuris microcune

Organ Pu-239 -240 Pu-239, -240 Am-241 U-233 234, 238 Pu-239 240 Am 24¢
Effsctive Dose Equivalent 55" x 10 31l4x 10 163 x10¢ 168x 10* 892x 10°* 305 x 10
Liver 217 < 109 117 x 108 621 x 10° ) 485 x 10 178x 10"
Bone Surfaces 102 ¢ 10 569 x 10 297 x 107 270 x 10¢ 201x10° 369 x10?
Lung 136 x 1012 n [§)) { 120x 10°* 201 x10°?

a. Inhalation and water ingestion dose convession factors were adopted from DOE and are for a SO-year
dose commitmeni period and a |-um Activity Median Aerodynamic Diameter (AMAD) particie sze !
GI absorption fractions and lung clearance ciasses wers chosen to maximize the dosc conversion factors

b Anshulation rate of 2 66 x 10* ma/s for 1 ycar was sssumed

¢ A water intake rate of 2 X (0? m2 (2 1 quarts) per day for 1 year was assumed

d Ground plane uradiation dos. conversion factors were adopted from D C Kocher ' ** [ or Py-239,
<240 the higher of the factors for the two isotopes was used

¢ The lives rocewves no sigmificant dose from this pathway

f The lung tecerves no significant dose from this pathway
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1985, the plutonium concentration in Walnut Creek
averaged 18 X 10! uCiy/mg (67 X 107 Bq/%)
The average amernicium concentration was 13 X
107! uCi/mR (48 X 10°* Bq/f). These concen-
trations were used as the water ingestion source
term for the maxamum site boundary dose
assessment The sverage concentration of uranium
in Walnut Creek was 3 96 X 10~® uCi/m2 (1 47 X
107! Bg/f) while the average concentration in
incoming rew water was 1 2 X 107 uCi/m@ (44 X
1072 Bq/f) The source term for uramum ingestion
was the difference between these two values
{28 X 10 uCi/m2 (10 X 10"t Bq/2)] The
average tritium concentration in Walnut Creek
was 1 0 X 10”7 uCi/m2 (3 7 Bq/?), whuch 1s withun
the background range typically measured in
regional waters This concentration of tritium 1s
an insignificant contnbutor to dose  Tntum in
the water was, therefore, omitted from the dose
assessment

The ground-plane irradiation source term is based
on the maximum plutonium in soil deposition at the
plant perimeter, as reported by the Environmental
Measurements Laboratory ¥ This source term is
3 X 10°? xCi/m? (1 X 10® Bqg/m?). The americium
is assumed to be present at an alpha activity level
of 20 percent of that of the plutonium, which is
the maximum quantity of americium that can be
presant in Rocky Flats plutonium from the decay
of plutonium -241 ! The americium source term,
therefors, i3 conservatively estimated to be
6 X 107? uCi/m3 (2 X 103 Bq/m3).

Source terms and corresponding doss commitments
were evaluated for each of the surrounding com-
munities to determine the maximum community
exposure. Ground-plane irradiation and water

ingestion pathways were insiguficant for all of the
communities The only sigmificant pathway for
radiation exposure was inhalation of plutonium in
air The source term for inhalation used in the
dose assessment was the maxamum annual average
plutoruum concentration measured 1n community
ambaent air [6 X 107!% 4Ci/m2 (2 X 10”7 Bq/m?)]
This concentration was the annual average con-
centration measured n the Westminster ambient
air sampler

A summary of the source terms for the maxymum
site boundary and for community locations is
tabulated in Table 25

B. Maximum Site Boundary Dose

The maximum dose to an ndividual continuously
present at the site boundary is based on the radio-
nuclide concentrations shown in Table 25 From
these concentrations and the dose conversion
factors in Table 24, a 50-year dose commitment of
6 X 10 rem (6 X 107* 8v) 1s caiculated as the
effective dose equivalent from all pathways The
corresponding bone surfaces dose 18 9 X 107° rem
(9 X 10°% Sv) The Department of Energy (DOE)
interim radiation protection standard for members
of the public for prolonged penods of exposure is
0.1 rem per year (1 X 1072 Sv per year) effective
dose equivalent The interim air emission standard
is 75 X 107 rem per year (7 5 X 10~ Sv per year)
for any organ for internally-deposited radio-
nuclides ¥ The maximum site boundary dose
represents O 6 percent of the DOE intenim standard
for all pathways for the effective dose equivalent
If all of the dose were recesved from the ar path-
way, it would represent 12 percent of the ar
emission standard for any organ

TABLE 25 Radicactivity Concentrations Used for 1985 Dose Calculations

Alr Water Surface Depositon
(uCl/me) (uCi/mt) (uCi/m?)
Location Pu 239 240 Pu-239, -240 Am-241 U 233, 134 Pu-239 240 Am 241
Maximum Site Boundary 8 x 107 18x to-» 13x10” 28x 10 Ix to* 6x 10°*
Community 6 x 10°1* - - - - -
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C Maximum Communty Dose

Based on radionuclide concentrations in surround-
ing commumties (Table 25), the calculated 50-year
dose commitments were 3 X 107% rem (3 X 1077
Sv) effective dose equivalent and 6 X 10°* rem
(6 X 10°® Sv) to bone surfaces. These values
represent 003 percent of the DOE intenm
standard for effective aose equvalent and 08
percent of the air emiss.on standard for any organ

The maximum site boundary and commumty 50-
sear committed dose equivalents are summanzed
in Table 26 The effective dose equvalents may
be cumpared to an average annuai effective dose
equivalent for the Denver,area of about 26 X
10" rem (2 6 X 1073 Sv) from natural background
radiation,®® 1 (See Table 27) This natural
background radation leve] for Denver 1s higher
than that shown for the total body in past Annual
Reports and reflects the significant contnbution
to effective dose equivalent from inhaled indoor
radon, as well as the adoption of the ICRP 30
methodology of radiation dosimetry

D Eghty-Kilometer Dose Estimates

The dose commitment for all individuals, to a dis-
tance of 80 hlonieters (50 mules), 1s based on the

Maximum Site Boundary Dose/RFP ENV 85

calculated maximum community dose estimates
shown In Table 26 The estimated commutted
effective dose equivalent and committed dow
equivalents for each of the specific organs are all
less than § X 1072 rem or | mrem (1 X 107% Sv)
A level of “1 mrem/yr” or less 1s specified as 4
de minimis (inconsequential) level of exposure in
the DOE Guide entitled, “A Guide to Reducing
Radiation Exposure to As Low As Reasonably
Achievable (ALARA)™!?  The Guide further
states

“Radiation-induced mutations and diseases
have not been discovered in populations
that are or have been exposed to doses of
100 mrem/yr or less Hence, 1t 1s reason-
able to suggest that no health effects will
be discemed if a population s exposed to
an additional 1 percent of the level, ¢,
1 mrem/yr An annual dose of 1 mrem
should be regarded as a level which 1s
clearly de minimis ™

Based on the de mimmis concept i1n the Guide and
on the maximum commumty dose estimates, the
dose commutment for all individuals to 80 kilom-
eters is considered to be de muvurmis

TABLE 26 Fifty-Year Committed Dose Equivalent From One Year of Chronic Intake/Exposure

Effective Dose Equivalent
Source (rem)
Maximum Site Boundary Location 6Xx 10
Commumnty 3Ix 10

Liver Bone Surfaces Lung

(rem) (rem) (rem)
3x 107 9x 10 1x10¢
1 x 100 6x%x10 6x 10

TABLE 27 Estimated Annual Natural Background Radis-
tion Doss for the Denver Metropolitan Asea® %

Source

Cosmic Radiation
Cosmogenic Nuclides
Primosdial Nuclides-External
Primordial Nuclides-internal

Total for one year (roundad)

Effective Doss Equivalent
(rem)

0050
00015
0072
01326

026
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V1 APPENDIXES

APPENDIX A
APPLICABLE GUIDES AND STANDARDS

The Rocky Flats Plant Environmentai Monitoring
Program includes evaluating plant comphance with
all relevant gwdes, bmits and standards Gude
values for .adionuclides in ambient air and water-
borne effluents have been adopted by the
Department of Energvn (DOE), the Colorado
Department ot Health and for the air pathway
only by the Environmental Protection Agency
(EPA)'»'?'  The guides are based on recommen-
dations published by the International Commussion
on Radiological Protection (ICRP) and the National
Council on Radiation Protection and Measurement
(NCRP) Ambient air data for nonradioactive
parameters is collected at Rocky Flats for com-
parison to the crniteria pollutants histed under the
EPA National Ambient Air Quality Standards,
established by the Clean Air Act * Instrumentation
and methodology follow requirements established
by EPA in the Quality Assurance Handbook for
Air Pollution Measurement Systems 22 Limuts for
nonradioactive pollutants in effluent water have
been defined by an EPA National Pollutant Dis-
charge Elmination System (NPDES) discharge
permuit ¥ In 1976, the EPA aiso established
standards for radionuclides in dninking water’
These dnnking water standards have been
adopted, m turn, bv *he State of Colorado ¢

In a memorandum of August 5, 1985, the DOE
adopted an intenm radiation protection standard
for DOE environmental activities to be imple-
mented in CYI985%  This intenm standard
incorporates guidance from the NCRP, as well as
the air emission standards of 40 CFR 61, Subpart
H Inciuded in the intenm standard is a revission
of the dose himits for members of the pubhic and
tables of radiation dose conversion factors to be
used for calculating dose from intakes of radio-
active matenals The dose factors are based on
ICRP Publication 30 methodology for radiation
dosimetry  Effluent air and water concentration
guides (secondary standards denved from the
pnmary dose standards and calculated using dose
converston factors and assumed awr and water

“
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intake rates) were not included in the memorandum
In order to provide these secondary concentration
guides as a companson for measured air and water
concentrations given in this report we have cul-
culated Denved Concentration Guides (DCGsi
based on the intenm standard dose himit tor af
pathways of 0 | rem/year for a 50-year commuttec
effective dose equivalent The dose conversion
factors provided in the August 5 memorandun
were used and intaske rates of 8400 cubic meters
per year (2 66 X 10™ m?/s) for air and 730 liter.
per year (2 £/d) for water were assumed tor the
calculations The calculated DCGs are given n
Table A-1 and are comparable n concept to the
Radiocactivity Concentration Guides (RCGA)
published by DOE for its previous radistion
protection standard *

The previous RCGs included permissibic concentra-
tions of specific radionuchdes and mixtures ot
radionuchides 1n air (RCG,) and water (RCGy) tor
individuals in the general population * In addition
to restnicting specific radionuchdes, the guides
restricted the concentration of radionuclides in a
muxture such that the sum of the ratios of each
radionuclide concentration to the appropriate
concentration guide would not ¢xceed a value of |

The guides further stated that a radionuchde might
be considered as not present in a mixture it (a3 the
ratto of the concentration of that radionuchde in
the muxture to the concentration guide for that
radionuchide did not exceed one tenth and (b)
the sum of such ratios for all radionuchides con-
sidered as not present in the mixture did not
exceed one fourth

Dunng 1985, average specific radionuchde concen-
trations 1n air and water for the Rocky Flats Plant
were all less than one tenth of the appropnate
Denved Guides for speaific radionuclides The sum
of the ratios of these average concentrations to
their respective DCGs was less than one fourth tor
all air and water sampling locations Applying the
same methodology for reporting mixtures under



the DCG concept as was used with RCGs, the
measured concentrations in the tables have been
compared to the concentration gwdes for speafic
radionuchdes rather than to the guide for mixtures

The fractions of ingested radionuchides that are
absorbed in the gastro-intestinal tract and the lung
clearance classes for inhaled radionuchides were
chosen to yeld the most restnctive DCGs for
compansons in thus report  Throughout thus report,
where a radionuchde concentration 1s expressed
as the cumulative measurement of more than one
isotope, the stated DCG used for companson
represents the most restrictive DCG for that
grouping of i1sotopes Plutomum concentrations
measured at Rocky Flats represent the alpha
radioactivity from plutomium isotopes 239 and
240, which constitute over 97 percent of the alpha
radioactivity 1n plutonium handled at the plant

Reported uranium concentrations are the cumula-
tive alpha activity from uramum-233, -234, and
-238 Components containing fully enriched ura-
nium are handled at the Rocky Flats Plant
Depleted uramium metal 1s fabnicated and 1s handled
as process waste matenal Uramum-23$ 1s the major
isotope by weight (93 percent) in fully ennched
uramuum, however, uramum-234 accounts for
approximately 97 percent of the alpha activity
of tully ennched uranium In depleted uramum,
the combined alpha activity from uranium-234 and
-238 accounts for approxamately 99 percent of the
total alpha activity The uramium DCGs used in
this report for air and water are those for uranium-
233 -234, and uranium 238 which are the most
restrictive

Environmental uramium concentrations can be
measured by a vanety of laboratory techmiques
Nonradiological techmiques yield concentration
units of mass per unit volume such as ug/m?® and
ug/? The uranium concentrations given in this
report were dernived by measunng radioactivity from
alpha-emitting uramum 1sotopes and are expressed
in terms of activity unuts per umt volume Rocky
Flats data include measurements of depleted ura-
mum, fully ennched uranium, and natural uranium

Conversion factors for specific types of uramum
can be used to compare the data in this report to
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data from other facilities and agenuies that are
given in umts of mass per unit volume however
the resulting approximations will not have the
same assurance of accuracy as that tor the onginal
measured values Uramum 1n effluent air trom
plant buildings 1s pnmanly depleted uranium The
conversion factor for these datai1s 2 6 X 10% g/C:
Natural urantum 1s the predominant torm found n
water The conversion factor for water data 1s

15X10% g/C1

The applicable EPA standard for berylhum (a
nonradioactive matenal) in airborne ¢ffluents from
plant buildings 1s 10 grams per stationary source in
a 24-hour time period ' For ambient air the
calculated DCG for plutomum-239 and 240 to
members of the pubhc 15 20 X 10°** uCymni
(74 X 10™* Bq/m?)

The calculated amencium-241 DCG in waterborne
effluents for members of the public 1s 60 X 10°°
uCyme (22 Bq/?) The comparable DCG for
plutonium-239, -240 1n water 1s 300 X 10~ uC)/m¢%
(11 Bq/?) The most restrictive calculated DCG
for uramum-233, -234, and -238 1n water 1s 500 X
107* uCi/m (19 Bq/f), which is the DCG for
urantum-233 In waterborne effluents available 1o
members of the public, the calculated DCG tor
tntium 1s 1,000,000 X 107 uCiy/m2 (74 000 Bg/%)

The 1976, the EPA promulated regulations tor
radionuchdes in dnnking water 7 These regulations
were effective on June 24, 1977 along with
pnmary dnnking water regulations for micro-
biologacal, chemical, and physical contaminants
The intent of the Safe Drinking Water Act was to
ensure that each state has pnimary responsibility
for maintaiming dnnking water quality To comply
with these requirements, the Colorado State Board
of Health modified exisiting State drinking water
standards to include radionuchdes® Two of the
communty dninking water standards are of interest
in this report The State standard for gross-alpha
activity (including radium-226 but excluding
radon and uranium) in community water systems
1s a maxumum of 15 pCy/? or 15 X 107 uCi/m¥
(56 X 107 Bqg/?) Amencium and plutonium
which are alpha-emitting radionuchdes are in-
cluded in this it  The bmit for tritwm in
dnnking water is 20,000 pCy/2 or 20,000 X 107
uCiymR (740 Bq/?)
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The Rocky Flats Plant NPDES permut, which the
EPA reissued 1n 1984 to DOE, established sanitary
effluent lmitations on discharge from Pond B-3
(sewage effluent), imitations for mtrate and pH in
the discharge from Pond A-3 in the Wainut Creek
drainage, bmtations on discharge from the reverse
osmosis plant, and control of sediment release
dunng discharge from Ponds A-4, B-5, and C-2

In addition to evaluating compliance with all
relevant guides, imts, and standards, the Health,

Ad

Safety and Environment Department assists
operating groups 1n adhening to the DOE policy
that * operations shall be conducted 1n 2 manner
to assure that radiation exposure to individuals
and population groups is hmited to the lowest
levels techmcally and economically paracticable ™2

Table A-1 shows applicable standards for radioactive
and nonradioactive materals.
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TABLE A.l Applicable Standards for Radicactive and Nonradioactive Matenals

Legend
uCi = mcrocuries 40CFR 61 = Code of Federal Regulations
m® = cubic meters National Emysuon Standards
me = mlliliters for Hazardous Ax
mg/t = mulligrams per liter Pollutants (USEPA)
SU = suandard usits NPDES = National Pollutant Duscharge
NA = notapplicable Elimunation System
§ = pam
Applicable
Pajameter ——Siujdes and Standards —Reference
Airborne Effluents
Plutouum-239, 240 NA NA
Uramum-233 -234, 238 NA NA
Tntium NA NA
Berylium <10 0 g/dsy 40CFR §1 32(a)
Ambient A
Plutonium-239 -240 200 x 10°Y uCi/me Calculated?
Waterbomne Effluents
(Radioactive)
Plutonium-239, 240 300 X 10~ Clime Calculated®
Uranium-233, 234, 238 $00 x 107° uCi/me Calcufated?
Americium-241 60 X 10°* yClme Calculated?
Tntium 2,000,000 x 10-° uClUme Calculated®
Dischargs Limitations?
Monthly Weekly Dally
Paramster Average Averags Maximum Reference
- Effluent Water Sampies
(Nonradioactive)
pH 6 0-90SU NPDES Permit
Nitrates as N 10 mg/t 20 mg/e NA NPDES Permut
- Total Phosphorus 8 mg/R NA 12 mg/t NPDES Permit
Biochemical Oxygen 10 mg/e NA 25 mgt NPDES Permit
Demand, $-Day
Suspended Solids 30 mge 45 mg/t NA NPDES Permst
- Total Chromium 008 mg/2 NA 01 mg/t NPDES Permit
Residual Chlorine NA NA 0 5 mgfe NPDES Permit
Of and Greass NA NA Visusl NPDES Permit
Fecal Coliform - No./100 m& 200 400 NA NPDES Permit
- Total Organic Carbon 12 mgh NA 30 mg/e NPDES Permit

2. Calculated on the besis of DOE August 5, 198, memorandum using DOE dose limit of
0 1 rem/yr to members of the public from all psthways, dose conversion {actors given
. in the memorandum, and mitaks rates of 2 66 X 10* met/s for aic and 2 X 10° m2/day for
water ¢ Thess values have been compared and are identical to those provided as draft
DCG values 1n the DOE memorandum dated Februacy 28, 1986.**
b Thess limitations are presented as indicators of the types of parameters and associated
— concentration limits required by the NPDES permit. Details of thess requirements
specific to esch discharge location are given in the refersnced document.® The daily
and monthly limitations indicated cannot be correfated with the annual water quality
data summanzed in Table 11
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APPENDIX B
QUALITY CONTROL

A Quality Program Plan and a Quality Control
Program Plan have been deveioped for the Environ-
mental Analysis and Control (EA&C) and the
Health, Safety and Environmental Laboratones
(HS&EL) Sections, respectively Independent
audits of these plans, coupled with EA&C’s internal
environmental audit and controls procedures,
ensure that necessarv quality assurance and quality
control elements exist for a comprehensive environ-
mental monitoring program

The Quahty Program Plan developed by the
Environmental Analysis and Control (EA&C)
Section provides controls for assurance that

® Current operating procedures exist for all
phases of EA&C operations and that these
procedures are implemented as wntten

¢ Appropnate approvals are obtained prior to
program 1ntiation or change

¢ The equipment used 1n sample collection and
data analysis 1s appropnate to the assigned
function and 1s operating as required

® Accurate documentation exists for all pro-
grams, procedures and actions

® All vanances from procedures or equipment
use and performance are documented and
explained with an impact assessment

® Appropnate guidelines and standards for
environmental momtonng are identified, and
documentation ot comphliance 1s provided on
a routine basis to Rocky Flats management,
Department of Energy (DOE), and State
and Federal regulatory agencies

The EA&C Quality Program Plan establishes control
points and delineates responsibilities for specific
categories of activities, provides an information
base from which procedures can be developed,
updated, and/ or implemented, establishes a state
of emergency preparedness in its contingency
plans, and provides do. umented evnidence of intent
to comply with rules ind regulations of Federal,
State, and local regulatnrv agencies
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The Plan includes quality assurance flow charts and
quality matnices that illustrate activity networks
and corresponding quality elements ot each re-
sponsibiity area A complete hsting of activities
and responsibihties 15 also included in the Plan

To ensure data rehability, the Health, Safety and
Environmental Laboratones (HS&EL) Quauty
Control Program Plan outlines the quality contro!
methods used in all phases of laboratory operation,

This quality control program includes the follow-
ing elements

® Development, evaluation, improvement modt
fication, and documentation of analytial
procedures

® Scheduled mnstrument calibration, control
charting, and preventive maintenance

o Participation 1n interlaboratory quality com-
panson programs

@ Intralaboratory quality control programs

All sampie batches scheduled for analysis bv the

HS&EL Central Receiving Laboratory contain 1n

average of 10 percent control samples The con

trols consist of analytical blanks prepared in-hotise

and standards prepared by the Rocky Fluts
Chemustry Standards Laboratory

An analysis or group of analyses may be rejected
and the sample or samples scheduled for reanalysis
for one or more of the following reasons

1 The chemical recovery 1s less than 10 percent
or greater than 110 percent

2 The analytical blanks in the analysis batch are
out of acceptable range

3 The standards 1n the analysis batch are not
withun acceptable hmits of error

4 The alpha energy spectrum 15 not acceptabk
because of the following

a extra and/or umdentified peaks
b excess noise in background areds

¢ poor resolution of peaks



S The chemist in charge of the laboratory be-
Lieves there 1s reason to suspect the analysis

Any unusual condition affecting the results, which
1s noted esther dunng sample collection or analysis,
1s reported to Environmental Analysis and Control

Table B-1 1s a summary of HS&EL participation in
the Rocky Flats Chemistrv Standards Laboratories

Quality Control/RFP ENV-85

Bioassay and Environmental Measurements Program
for 1985

The HS&EL participate 1n two laboratory inter-
companson programs (1) The EPA Environmental
Monitoring Systems Laboratory (EMSL) Crosscheck
Program and (2) The DOE Environmenta!
Measurements Laboratory (EML) Crosscheck
Program  Tables B-2 and B-3 summarnize the
HS&EL participation in both programs

TABLE Bl Health, Safety and Environmental Laboratories Bioassay and Eavironmental Measurements Program Data
(January Through December 1985)
Total
Isotopes Normal Ssmple  Annual Relative? Control
Reported Matnx Method Standard Range Rangs Error Percent Analyses
Pu 239 -240 Water Alpha Spectral G20 d/m/e 03 d/m/e -19 60
Am 241 Water Alpha Spectral 03 d/m/e 03 d/m/2 =23 60
U238 234,-235 Water Alpha Spectral 030 d/m/e 030 d/m/e -1 60
H3 Water Beta Liquid 0-5000 pCi/t 04500 pCi/e -10 60
Scintiliation
Pu239 240 Whatman Filters Alpha Spectral 030 d/m/f 030 d/m/t 12 120
Am 241 Whatman Filters Alpha Spectral 04 dim/f 04 dfm/f 30 120
U-238 234 -23§ Whatman Fiiters Alphs Spectral 030 d/m/f 030 d/ayf 13 120
Beb Whatman Filters Atomx Absorption 05 uslt 05 walf 3 120
Pu-239, -240 Glass Fiber Filters Alpha Spectral 0-50 d/m/f 0-50 d/myf -13 60
Be Whatman Filters Atomic Absorption  0-60 uglt 020 e/t -4 1040
Pu-239 240 Urine Alpha Spectral 010 d/m 0-5 d/m 18 144
Am-241 Unne Alphs Spectrai 02 d/m 02 d/m 18 144
U-238, 234, 235 Urine Alpha Spectral 0-25 d/m 015 d/m -6 144
H-3 Urine Bets Liquid 0-2700 pCi/2 0-2500 pCl/2 13 48
(Special) Scintilistion
Pu-239 240 Unne Alpha Spectral 010 d/m 0-10 d/m -10 48
(Speciah)
Am-241 Unne Alpha Spectral 010 dim (121 d/m 24 48
(Special)
Pu 239, -240 Swabs Alpha Spectral 0100 d/m 0-40 d/m -28 36
Am241 Swabs Alpha Spectral 0-100 d/m 040 d/m 2 36
U 238, 234, 235 Swabs Alpha Spectral 0100 d/m 040 d/m -28 36
a. The ratio of the deviations of the 12-month differences to standard value in percent, 1.8., observed valus
minus standard value divided by standard value times 100 equals the ratio as expressed in percent The
telative errot for control measurements is often called the coefficient of variation whers the dispersion
of data (in this case the average differsnces between measured and standard vaiues) is divided by the
average standard value submitted This term is inclusive of all random and sy stematic error in the
standards, analytical chemistry and measurement process for a given nuclide matrix, and procedure
b Analyzed by 881 Generat Laboratory
p-2 49
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TABLE B-2 Health, Safety and Environmental Laboratories Participation in the EPA
Environmental Monitoring Systems Laboratory Crosscheck Program Dunng 1985

Isotope Number of Analyses Refative Percent
Reported Matnx Method Reported Error
Gross Alphs Water Zinc Sulfide 4 -3
Scintiliation Detector

Zn-6$ Water Gamma Spectral 2 183

Cylle Water Gamma Spectral 2 -14

Cs137 Water Gamma Spectral 3 -126

H-3 Water Peta Lxquid Scintillation 2 -1 13

Gross Alpha Water Zine Sulfide 1 -4 15

Scintillation Detector
Co-60 Water Gamma Spectral 1 115
TABLE B-3 Health, Safety and Environmental Lsboratories mn the
DOE Environmental Measurements Laboratory Crosscheck Program During 1985 *
Isotope Number of
Reported Matrix Method Analyses Reported Relative Percent Error
Co60 Filter Gamma Spectral 2 84
Cs137 Fiter Gamma Spectral 2 111
Co60 Soil Gamma Spectral 1 121
Ce137 Soil Gamma Spectral 1 143
U-238 Sal Alpha Spectral 1 184
Ce137 Tisme Gamma Spectral 1 102
Th-228 Tume Gamma Spectral 1 181
Pu-239 Tissue Alpha Spectral 1 108
U-234 Tissue Alpha Spectral 1 169
U-238 Tissue Alpha Spectral 1 378
Co-60 Vegetation Gamma Spectral 1 86
Cs-137 Vegetation Gamma Spectral 1 104
Pu-239 Vegetation Alpha Spectral 1 107
Co-60 Water Gamms Spectral 2 104
Cs137 Water Gamma Spectral 2 121
H-3 Water Beta Liquid Scintillation 1 208
Mn-54 Water Gamma Spectral 1 112
Co-144 Water Gamma Spectral 1 118
Cd Deionized Watsr Atomic Absorption 1 107
Mn Deionized Water Atomic Absorption 1 83
4] Detoruzed Water Atomic Absorption 1 104
in Deionszed Water Atomic Absorption 1 103
Cd Lake Water Atomic Absorption 1 106
Mn Lake Water Atomic Absorption 1 84
4 Lake Water Atomic Absorption 1 113
Zn Lake Water Atomic Absorption 1 106
*Program reinstated in 983
50 B3
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APPENDIX C
ANALYTICAL PROCEDURES

The Health Safety and Environmental Laboratories
(HS&EL) routinely pertorm the following analyses
on environmental and eftluent samples

1 Total Air Filter Counting (Pu specific alpha)

2 Tennelec Air Fiiter Counting (Gross alpha &
gross beta)

[¥3]

Gamma Spectral Analysis

4 Alpha Spectral Analysis (Pu-239, -238, Am-
241,U-238,-233 134)

Beta Liquid Scintillation (Tritium)

lodometric Titration {Chionine)

-~ O W

Baitena

8 Atomuc Absorption (Berylhum)

Procedures for these analyses are described in the
HS&EL Procedures and Practices Manual 2* The
procedures for bactena and chlorine analyses were
devcloped following Environmental Protection
Agency (EPA) guidelines Soil procedures were
developed following specifications set forward n
‘Measurements of Radionuclhdes in the Environ-
ment, Samphng and Analysis of Plutonium n
Soil ” NRC Reg Guide 4 5 All new procedures
and changes to existing procedures must be thor-
oughly tested documented, and approved in
writing by the Manager of HS&EL before being
implemented Environmental Analysis and Control
1s notified of any major changes that could affect
analytical results All procedures are reviewed
annually for consistency with state-of-the-art
technmques, or at any ume an analytical problem
1s suspected Copies of all procedures are kept on
file 1n the office of the Manager of HS&EL

The following is a general outline of the analytical
procedures followed by the laboratones

Samples received for arr filter screening are counted
approximately 24 and 48 hours after collection
Samples exceeding the hmits set by Environmental
Analysis and Control are recounted

All water samples, except those scheduled tor
tntium analysis, are acidified immeduately upon

collection Water samples scheduled tor gamma
spectral analysis are poured nto one-hter
Mannelh® containers and are walcd betore

delivery to the gamma counting arca  Rouline
water samples are counted for approxim itely eight
hours Samples requirning a lower deteetion linut
are counted from 16 to 72 hours

Soul samples scheduled for gamma spectril anals s
are dnied, sieved through a ten-mesh sieve weighed
and the fine portion s ball-milled The tine portion
1s then placed n a2 S00-m® Marinelh container and
counted for at least 16 hours

Filter sampies scheduled for gamma analysis are
placed 1n petn dishes and counted for approxi-
mately 16 hours

All samples scheduled for alpha spectral analysis
are analyzed in a simiar manner regardless ot
matnx Pnor to dissolution, 2 known quantity ot
nomndigenous radioactive tracer 1s added to each
sample  The tracer 1s used to determuine the
chemical recovery for the analysis  Tracers used
include Pu-236, Pu-242, U-232, U-236 Am-243
and Cm-244 The type and actinity level of the
tracer used depends on the type und projected
activity level of the sample to be analyzed  Ail
refractor or intractable actimides are dissolved by
wvigorous acid treatment using oxidizing and vom-
plexing acds

After samples are dissolved, radioisotopes of won-
cern are separated from each other and from the
matrix material by vanous solvent extraction and
ion exchange techmiques The punfied radio-
1sotopes are electrodeposited onto stainless steel
discs These discs are aipha counted for a mimmum
of 16 hours If 4 lower mimmum detection Lt
1s required samples may be counted from 72 to
168 hours dipending upon the need  Samples
that exhibit a3 chemical recovery ot lesy than 10
percent or greater than 110 percent are automat-
1cally scheduled for reanalysis
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Tntium analyses are routinely performed on
speafied environmental water samples as well as
stack effluent samples Five mg ot the sample
are combined with 1~ mf of liqud scintillation
cocktail mixture Environmental samples are
counted for 60 munutes and airborne effluent
samples are counted for 0 minutes

The General Laboratory routinely performs the
following analyses for environmental monitonng
of plant effluent streams process wastes, and soil
residues

1 Dissolved metalhc elements including tests
for 31 cations by emssion spectroscopic
techmiques and 1~ elements by atomic
absorption techmques (including berylhum
in airborne effluent sample filters)

2  Oxygen demand tests, including total organic
carbon, dissolved oxygen, chemical oxygen
demand, and biological oxygen demand
(5 day incubation:

3 Nutnent tests including free ammoma and
amines, ortho and total phosphate phosphorus,
nitrate and nitrite anions, Kyeldahl mitrogen,
and total nitrogen

4  Physical tests, including pH, conductivity,
color, total dissolved sohids, suspended solids,
turbidity, and specific gravity

5  Soap residues (as alkyl sulfonate)

6 Onl and grease residues, by extraction and
mmfrared or gravimetnc detection, and by
visual observation

7 Speafic chemical speces, including total
hardness (as calcium carbonate), alkalimty
(as hydroxide, bicarbonate, or carbonate),
chionde, fluonde, cyamde, sulphate, and
hexavalent chromium

8 Radioactive species, including gross alphs and
beta by gas proportional detection, tntum
by lquid scintilation detection, radium,
cesium-134, and strontium-89 or -90 by
gravimetnc separation followed by gas pro-
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portional dutection  Isotopes b pluton o
amencium  thonum  uranium  wplban e
and cuntum are deternuned by jop oy
and hquid extraction techmgues followee 1y
alpha pulse height anaivsis

9  Organic toxic speues duding Broma !
Endnn Lindane nethoxychior toxphoo
phenol  polychlorinatcd-aphenvs 24D
2,4.5-TP Silvex and total oreinie hilogen

Procedures for these analyses were dovilopod by
the General Laboratory protussional technie il statt
Procedures were adopted trom LPA-approvad
sources or from other rceognized wthorit v
publications where EPA-approved procudities wen
not available Laboratory operational procedurcs
are documented in a standard format approved
by the manager of the Rocky Flats Analvu
Laboratonies, and distnbuted to . contruilld
distnbution hst to assure that proper tusting ind
approval 1s performed before changes are wopted
The General Laboratory Qualits Awsurinee Pl n
quires annual review of proccdures tor consistency
with state-of-the-art techniques and compliance ot
laboratory practices with wrntten proucduris  In
addition, a review 1s performed whemever in
analytical problem is detected

The following 1s a general outline of the analysis
procedures followed by the General Laboratory

All water samples which are analyzed tor radio-
active matenals - except thos¢ scheduled tor
tntium analysis - are acidified immeduately upon
collection

Liquid samples received for gross alpha and bety
screening are evaporated directly onto planchets
for gas proportional counting within 23 hours ol
collection When activities exceeding the action
guidelines set by Environmental Analywis und
Control (EA&C) are observed, notification to
EA&C 1s made, and reanalysis s begun immediately
for venification For some hquids such as machine
ois, a specified volume » evaporated and the
residue 1s taken up in dilute nitric aud for depout
onto the counting planchet A corrcction luctor
1s determned for each sample to ac.ount tor
self-absorption effects



Ligwd and sobd samples submutted for alpha
spectral pulse height analysis are analyzed in a
manner similar to procedures followed by HS&EL
Chemical separation of clements 1s followed by
deposition of an organic extract of 2-Thenoyltn-
fluoroacetone (TTA) complex onto a planchet for
pulse height analysis of the alpha energy spectrum

Water samples to be tested for chemical and
physical  parameters are analyzed within 24
hours of collection, or they are preserved by
refnigeration  freezing, or addition of a chemical
preservative when requuired  The tests performed
include gravimetric, titrametnc, colonmetnc,
chromatographic, or electroanalytical methods, fol-
lowing procedures specified in the 15th edition
of Standard Methods for the Examination of Water
and Waste Water, EPA-600/4-79-020, orother
authoritative publications

Water samples to be analyzed for dissolved metallic
tons are filtered through a 4 5 mucron filter and
evaporated onto a graphite eiectrode for emission
spectrographic analysis  Selected elements are
determined for sample solutions by atomic absorp-
tion methods after appropnate chernical treatment
to prepare the proper analysis matnx

Analynical Procedures/RFP ENV 85

Organic toxic species are determined by chroma-
tography, following extraction mnto an appropnat.
organic solvent or onto a solid resin using flame
onization, electron capture, or ultraviolet
detection Some orgamics, such as phenol are
determuned by developing a chromaphoric comple x
and measuring hght absorption at a specific wave-
length with a spectrophotometer Measuning
occurs after extraction 1nto an appropriate ~olvent
phase

Tritium s deternuned by intimate mixing of hive
rmulliliters of aqueous sample (or of water that has
equilibrated with the sample for a predcterm.anced
time to ensure change) with 17 milliiters ot
scintillation cocktail The muxture s counted tm
20 minutes in a scintillation well, and 4 correction
factor 1s apphed to account for quenching eftects
determined 1n situ for each sample

Cesium, radium, and strontium i1sotopes are chemi-
cally separated from the sample matnx using
precipitation techmques Cestum, strontium, and
some radium 1sotopes are deposited on planchets
with a carnier element for alpha or beta gas propor-
tional counting Radium-226 15 counted directly
measuring the radon-222 emanation in 4 scntil-
lation well by using a Lucas gas collection celt
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APPENDIX D
DETECTION LIMITS AND ERROR TERM PROPAGATION

The Rocky Flats Health Safety and Environmental
Laboratones (HS&EL) have adopted the following
defimtion for detection hmit, as given by Harley 3

“The smallest amount of sample activity
using a given measurement process (1¢
chemical procedure and detector) that
will yield a net count for which there 15
confidence at a predetermined level that
activity is present

The mummum detectable amount (MDA) is the
term used to describe the detection lumit and 1s
defined as the smallest amount of an analytic
matenal in a sample that will be detected witha g
probability of non-detection (Type Il error), while
accepting an a probability of erroneously detecting
that analytic in an appropnate blank sample (Type
I error). At the 95% confidence level, both c and
B are equal to 0 05

Based on the approach presented in draft ANSI
standard N13 30 “Performance Cnteria for
Radiobioassay,”? the formuaition of the MDA
for radioactive analyses is

MDA = 4 65 Sp + 3/(T4EY)
aV

where Sp = standard devistion of the populs-
tion of appropnate blank values
(d/m)

Tg = sample count time (m)

E; = absolute detection efficiency of the
sample detector

Y = chemucal recovery for the sample

a = conversion factor (d/m per unmt
activity)
(a =222 d/m/pCi when MDA s
i umits ot pCy

D-1

a = 222 X 10% d/m/uCi when
MDA 1s 1n units of uCi )

V = sample volume or weight

(V=1 if the MDA per sampie
desired )

The major component of the MDA equation
the vanability of the blanks In 1985 the proce-
dure to establish a population ol uppropriate
blanks for each analytical procedure was upgraded
resulting 1n an umproved measure of the baseli
and of the inherent vanability of cach mcasurement
process

Table D-1 shows the various formuiae used tor
alpha data reduction duning 1985

Table D-2 shows the typical MDA values tor the
vanous analyses performed by the HS&EL and bv
the General Laboratonies. These values are bused
on the average sample volume, typical detector
efficency, detector background. count time and
chemcal recovery MDA values calculated tor
individual analyses may vary sigmficantly depend-
g on actual sample volume, chemical recovery
and analytical blank used

For nonradioactive parameters, various means are
used to estimate a mimmum detectable amount
depending on the parameter measured  The
mimumum detectable amount for berylhium m
effluent arr - analyzed using flameless atomic
absorption spectroscopy - Is based on a4 sample
absorbance reading of 0010 above the sumple
blank absorbance reading Total chironuum
effluent water samples underzous o four-told
concentration of the recetved sample prior to s
analysis using flame atomic absorption spuctros-
copy Its approximate murrumum dotectubic
amount 1s based on a net sample absorb i
reading of 0 010

The parameters of mitrate as N, total phosphorons
suspended solids ol and greast and total organ
carbon all huve muumum detectable amounts
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that are determined by procedural methods found
in EPA-600/4-79020, Methods for Chemical

Analysis of Water and Wastewater ¥ The param-
eters of pH and Biochemical Oxygen Demand have
minimum detectable amounts that are determined
by the mummmal readout capabiity of the wnstru-
mentation that 1s used

The mimumum detectable amount for residual
chiorine 1s determined by the procedure found in
a publication by Hach Co, “DPD Method for
Chlorine "3  For fecal coliform count the
mimmum detectable amount 1s calculated as 4 65
times the standard deviation ot the blank value
from the mulipore filter

D2 §5
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TABLE D-1 Formulae for Actimity and Uncertainty Calculations for the Alpha Spectral Analysis Systems

Non-Blank Corrected Sample Uncertainty® Blank Corrected Sample Uncertainty

Ca Cni Cy Cy % bu = (ag? + an?)”
+ & o

S

ag = Ag +
(Es-&li)' (&1-9&)’
TS TB Ts TB
Non-Blank Corrected Sample Activity Blank Corrected Sample Activity
i Ca Cm ] By = Ag- A
T T | oy
Aﬂ =
g Cy | V22
L Ts ) TB ]

*Corrected from 1984 report

(continued)

36 D3



Detection Limits and Error Term Propagation/RFP ENV 85

TABLE D-} (Concluded)
Legend

Non-blank corrected activity of laboratory reagent blank for isotope
1, expressed as picocuries per unit volume

Non-blank corrected uncertainty of laboratory reagent blank, ex-
pressed as picocuries per umt volume

Sample activity for isotope 1, expressed as picocures per unit volume
Sample activity uncertainty, expressed as picocuries per unit voiume

Blank corrected sample activity for 1sotope 1, expressed as picocunes
per unat volume

Blank corrected sample uncertainty, expressed as picocunes per unit
volume

Detector background gross counts for 1sotope 1.

Detector background gross counts for mternal standard isotope ;
Sample gross counts for 1sotope 1.

Sample gross counts for internal standard 1sotope }

Actmty (disintegrations per minute) of internal standard 1sotope ;
added to sample

Detector background count time expressed 1n munutes.
Sample count time expressed in minutes.

Sample unit volume or sample unit weight
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TABLE D-2 Detection Limits for Radioactive and Nonradioactive Matenals

Lagend
uCl = microcuries pCi = picocuties
ug » micrograms mg/t = milligrams per liter
m® « cublc meters SU = standard units
me = milliliters
Minimum
Detectable Approximats Miumum Detectable
Amount Sampls Volume Amount
Parameter __(pee mmple) Amalyzed® (per unit volume or mass)
Aitborne Effluent &
Putonium 239, 240 21x10-* .0 5380 m® 004 X 10 4Cl/me
Urantum 233, 234, 238 47x 107 uCi 5380 mo® 009 x 10-*¢ 4CYme
Tritlum 11x10°* Q1 Ol4m? 79.000 x 10°'* 4Ci/me
Beryllium 23x 107 g 5380 m*® 5 X 10 ugm?
Ambient Air Samples
Putonium 239, 240 14x 10" u01 20000 m*€ 0007 X 10°** uCifme
Effivent Water Samples
Radicactive
Plutonium 239, 240 78x 10 i 5000 me 002 x 10°* Cy/ms®
Usaslum 233, 234, 238 1.5x 10°7 1 1,000 me 0.15 x 10~* uCi/me
Amegicium 241 1.5 % 10~ uCY 5,000 me 003 x 10~ uCyme®
Tritium 71% 107 3 S me 1400 x 10”° LQUme
Soll Sampies
~{Radicactive)
Putonium 239, 240 73x 10 uQ 10 3 73 X 107 uCVs
Effluent Water Samples
(Noradiosctive)
pH 100 me 0-14 SU
Nitzate as N 10 me 0.2 mg/?
Total Phosphorus SOme 0.2 mg'¢
Biochemical Oxygen Deraand,
300 me 10 mge
Suspended Solids 100 me 10 myg/e
Total Chromium 100 me 0.05 mg/e
Residual Chlorins 10me 01 mge
Ofl and Grease 1,000 me 01 mgt
Focal Coliform Count 10-100 me 43 organism/100 m2
Total Organic Carbon St 10 mgit

2. Volume analyzed is wmally aa aliquoted fraction of the
total sample volume collected.

b. Monthly composite.

¢ Two-wesk composite.

S8 DS
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APPENDIX E
REPORTING OF MINIMUM DETECTABLE CONCENTRATION AND ERROR TERMS

Throughout the section entitled “Momtoring Data Collection, Analyses, and
Evaluation” in thus report, some of the concentrations that are measured at or
below the miumum detectable concentration (MDC) are assigned the MDC
value The less-than symbol (<) indicates MDC values and calculated values that
include one or more MDCs

The plutonium, uramum, americium, and beryllium measured concentrations are
reported These reported concentrations include values that are less than the
corresponding calculated MDCs and 1n some cases, values less than zero Nega-
tive values result when the measured value for a laboratory reagent blank 1s
subtracted from an analytical result that was measured as a smaller value than
the reagent blank These resulting negative values are included 1n any anthmetic
calculations on the data set.

Error terms in the form of a £ b are included with some of the data For a single
sample, “a” 1s the reagent-blank corrected value, for multiple samples it repre-
sents the average value (arithmetic mean). The error term *b” accounts for the
propagated statistical counting uncertainty for the sample and the associated
reagent blanks at the 95 percent confidence level These error terms represent
a mummum estimate of error for the data. Other anslytical and samphng vrrors

are being investigated for future incorporation into an all-anclusive error term
for each value

Ninety-five percent confidence limits for the plutonium concentrations
ambient air have been derived using Fieller’s Theorem ?* These imits consist of
a Lower Confidence Limuat (LCL) and an Upper Confidence Linut (UCL) on ¢ach
point esumate for the vanous concentrations. The calculation of the limits
requires knowledge of the analytical error term “b” as described abowe, and in
addition, the variance of the air volume measurement associated with a specific
sample These variances are calculsted from the dats reported as part of a
routine flow measurement calibration program for ambient air samplers  Bias
errors and temperature coefficients of the sampler readout dewices are also
statistically computed, and the individual readout dewices are individuaily
corrected for those factors
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