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ANN U A L EN VIRONM ENTAL MON I T 0  RING R EPO R? 

U S DEPARTMENT OF ENERGY, ROCKY FLATS PLANT 

January through December 1978 

Daryl D Hornbacher 

INTRODUCTION 

The Rocky Flats Plant IS a Government-owned and 
contractor-operated fachty It is part of a nation- 
w d e  nuclear weapons research, development, 
and production program a d m u t e r e d  by the 
Albuquerque Operations Office of the U S Depart- 
ment of Energy (DOE) The pnme operating 
contractor for the Rocky Flats Plant IS the Energy 
Systems Group of Rockwell International 

The Rocky Flats Plant is located in northern 
Jefferson County, Colorado, almost equdlstant 
from the cities of Boulder, Golden, and Arvada 
(Figure 1) The fachty,  located at 105' 11' 30'' 
west lonptude and 30' 53' 30" north latitude, is 
approxlmately 26 lulometers (1 6 mrles) northwest 
of downtown Denver The site c o n s ~ ~ t s  of appro=- 
mately 2,650 hectares (6,500 acres) of Federally 
owned land As shown m Figure 2, major Plant 
structures are located wthm a secunty-fenced area 
of 155 hectares (385 acres) 

The Plant is a key DOE fachty for producmg 
components for nuclear weapons, thus, its product 
IS directly related t o  national defense The Plant IS 
involved in fabncating components from plutomum, 
uranium, beryllium, and stamless steel Productron 
3c tivl ties include numerous metalworhng, fabnca- 
Qon, and assembly shops, chemical recovery and 
punticahon of t r a n s u m c  radionuchdes, and 
quality control functrons Research and engmeenng 
programs supportmg these activities include 
chemlstry, physics, matenals technology, ecology, 
nuclear safety, and mechamcal engmeenng 

As part of DOE'S energy research programs, a Small 
Wind Energy Conversion Systems (SWECS) test 
facility has been constructed in the northwest 
comer of the Rocky Flats Plant site to test small 

wndenergy machnes Thls test facdity IS a national 
research center in the development and testing of 
w n d  energy devlces 

The more than 100 structures that now constitute 
the Plant contam about 189,000 square meters 
(2 1 mllhon square feet) of floor space Of thls 
space, major rnanufactunng, chemical processing, 
and waste treatment facllities occupy about 126,000 
square meters (1 4 mdlion square feet) About 
29,800 square meters (33 1,000 square feet) of that 
total IS for a new plutomum recovery and waste 
treatment buildmg now under construction Major 
laboratory and research buildmgs occupy about 
13,850 square meters (1 54,000 square feet) The 
rematntng floor space is divlded among adminlstra- 
twe, u th ty ,  secunty, warehousing, storage, and 
construchon contractor facrlities 

All of the Plant's heatmg requirements are supplied 
by m-plant steam boilers that normally use natural 
gas but also are capable of usmg fuel oil Dunng 
Calendar Year 1978, approximately 2 1 5 millron 
cubic meters (71 7 mdlron cubic feet) of natural gas 
and approxlmately 1,9 16 cubic meters (479 
thousand gallons) of fuel od were used Raw water 
1s purchased from the Denver Water Board and is 
drawn from Ralston Reservoir and the South Boulder 
Diversion Canal The Rocky Flats Plant used 
approxlmately 5 12,000 cubic meters (1 28 mrllion 
gallons) of water dunng 1978 

The piedmont of the Front Range of the Rocky 
Mountam nses 8 lulometers (5 mdes) west of the 
ate and crests a t  the Continental Divide, which is 
32 lulometers (20 mdes) beyond The natural 
envlronment of the Plant site and vlcinity is 
ulfluenced pnmanly by ( 1) the Front Range of the 
Rocky Mountains and (2) the site elevation, which 
IS approxunately 1,829 meters (6,000 feet) above 
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s a  Icvcl Tlic wr fk i r l l  g~ology 01 Rocky Flats 
coiisists ot ‘I t h i n  IavLr of gr,ivclly tolxoil tindcrldin 
bv ,I 6- to I5-mctcr-tliick I‘iycr (70 to 49 feet) ot 
Lomtr  cl‘iycy gravcl This i i i  turn is underlain 
by an impemiedble bcdroLk structure upon which 
most of the Plant’s building foundations are 
supported Area hydrology is influenced by the 
topsoil, wtiiLh consists ot gravelly and highly 
perineable al luvium 
soil, and vegetation in the area is sparse Cactus 
such as Prickly Pear and Spanish Bayonet, plus 
assorted grasses representative of a mixed short- 
and mid-grass plain constitute the main ground 
cover Introduced Eurasian weeds also make up a 
significant percentage of the flora Cottonwood 
trees grow adjacent to watercourses The geographic 
features of the Pldnt, in Lornbination with rocky 
soil low rutfall frequent high w-nds and solar 
rJdiation product J h ~ r s l i  s m l m d  climdte 

Little water is retained in the 

As shown in Figures 2 and 3, surface water runoff 
from the Plant is from west to east Runoff is 
Lamed from the Plant by three major drainage 
basins that are tnbutaxy to Walnut Creek on the 
north and to Woman Creek on the south The south 
fork of Walnut Creek is the main effluent water- 
course from the Plant The confluence of the north 
and south forks of Walnut Creek is 1 1 kdometers 
(0 7 miles) west of the Plant’s eastern penmeter 
Great Western Reservoir, a major water supply for 
the city of Broomfield, is about 1 6 kdometers (1 
mile) east of this confluence Woman Creek flows 
east from Rocky Flats into Standley Lake, a water 
supply for the city of Westminster and for portions 
of the cities of Northglenn and Thomton Ponds 
on the north fork of Walnut Creek are designated 
A-1 , A-2, and A-3 Ponds on the south fork are 
designated B-1 through B 4 ,  and the pond on the 
Woman Creek watercourse is designated C-1 

Personnel in the Environmental Sciences Depart- 
ment of Rockwell International at Rocky Flats 
conduct an extensive environmental surveillance 
program This program is designed to provide 
assurance that the many safeguards at the Plant 
effectively limit the release of radioactive or 
toxic matenals Environmental Sciences personnel 
assist vanous operating groups in adhenng to the 
DOE policy that ‘‘ operahons shall be conducted 
in a manner to assure that radiahon exposure to 

individuals and population groups is lirnitcd to the 
lowest levels technicallv ant1 ccoiioniically 
p rac t i cab 1 e ” 

The environs are monitored and sampled for radio- 
activity and for chemical and bioloacal pollutants 
h r ,  water, and soil are sampled on the Plant site 
and throughout the surrounding replon Several 
Federal, State, and local governmental dgencies 
independently conduct additional environmental 
surveys on and off the Plant site The Colorado 
Department of Health samples air, soil, and water 
at the Rocky Flats site It also operates an on-site, 
continuous, particulate a r  sampler for the 
Jefferson County Health Department The DOE 
Environmental Monitonng Laboratory (EML) 
conducts particulate air sampling in the vicinity of 
the Rocky Flats Plant and penodically performs 
special studies, including sediment and soil sampling 
and analysis Additional special sampling has been 
performed by the U S Environmental Protection 
Agency (EPA) 

The informatron contaned in t h s  report is a com- 
pilation of data provided monthly to the DOE 
Rocky Flats Area Office, the Radiahon and 
Hazardous Waste Control Division of the Colorado 
Department of Health, Regon VI11 of the EPA, 
the health departments of Boulder and Jefferson 
Counties, and to interested city officials in 
commumties near the Plant 

SUMMARY 

Dunng 1978, the Rocky Flats Plant conducted an 
enwonmental momtonng program that included 
the sampling and analysis of air, water, and sod on 
and off the Plant site 

Particulate samples were collected from air samplers 
that operated continuously at the Plant penmeter 
and in 12 communities located near the Plant 
Analysis of these samples indicated that the con- 
centrations of airborne plutonium at penmeter 
and community locahons were identical and were 
wthin the range attnbuted pnmanly to fallout 
from atmosphenc nuclear weapons testmg. 
Evaluation of these data showed that an above- 
ground nuclear test conducted by The People’s 

L 
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Republic of  China in March 1978 contnbuted to 
-the 1978 level of plutonium in the Rocky Flats 
environs and in community sampling locations 
Even with increases from fallout, the average 
plutonium concentrations in a r  at the penmeter 
and in the communities were less than 0 06 X IO-’’ 
pCi/ml This value is less than 0 30% of the appli- 
cable DOE Radioactimty Concentration Guides 
(RCG) and less than 6% o f  the proposed EPA 
guidance for plutoruum in ambient a r  
Dunng 1978,  water discharge from the Plant site 
consisted o f  storm water runoff and treated sanitary 
water The sanitary water was processed through a 
tertiary treatment facllity before discharge, and 
the discharges were monitored for comphance w t h  
the Plant’s National Pollutant Dlscharge Elmmation 
System (NPDES) permit * Violations o f  NPDES 
daily limits occurred on nine occasions and were 
related to fluonde, pH, suspended sohds and bio- 
chemical oxygen demand The monthly limit for 
biochemical oxygen demand was exceeded in 
February and March In all cases, the causes for 
these molabons were i d e n ~ f i e d  and correctwe 
acbons taken 

The plutonium, uramum, amencium, and tntmm 
radioactivity concentrations measured m Great 
Western Reservoir and Standley Lake dunng 1978 
all were found to be less than 0 07% of the appli- 
cable RCG’s 

Dnnlung water from rune cornmumties was 
momtored for plutomum, u m u m ,  and amencium 
The annual average o f  the 1978 monthly average 
uranium concentrabons was less than 0 06% of  the 
RCG and was in the concentration range expected 
for the Rocky Mountam Front Range area As for 
plutonium and amencium, 237 out o f  2 4 0  samples 
had no measurable radioactimty at a minimum 
detectable concentration (MDC) of <O 1 X 
pCi/ml and/or for some samples, an MDC of 
<O 02 X IO* pCi/mI. All plutonium and amen- 
cium concentrabons were less than 0 01% of the 
applicable RCG The sum o f  the plutonium and 
amencium alpha radioactivity in community 
dnnkmg water was less than 1 5% of the State of 
Colorado regulahon for alpha+mittmg radionuchdes 
in dnnlung water and the EPA Nahonal Intenm 
Pnmary Dnnlung Water Regulahons 

*An EPA permit identifying permlssble ducharge levels for 
vanous nonradioactwe effluents 

Soil samples evaluated dunng 1978 were collected 
to support special projects On-site samples were 
collected in preparation for a construction project 
to control surface water Off-site samples were 
collected to expand the data base for plutoruum in 
soil in areas wi thm one mile east, west, and south 
of the Plant boundary On site, the plutoruum-m- 
soil concentrabons ranged from 0 06 to 2 9  4 pCi/g 
Of f  site, the values ranged from less than detectable 
to a maximum of 1 4 pCi/g 

An assessment was made of the potential Plant con- 
tribution to public radiation dose At the Plant 
boundary, the maximum probable radiation dose 
was calculated to be a 70-year dose commitment of 
<O 0 2  mllllrem to the whole body and <2 3 1 mlllirem 
to the bone By companson, the annual doses to 
the total body and bone, from radiation background 
in the Denver area, are stated to be 150 and 168 
millirem respectively ’ The radiatlcii doses of 
<O 02 mrllirem and <2 3 1 m~llirem represent 
<O 004% and <O IS%, respectively, o f  the appro- 
pnate DOE radiation protection standards 

Because of the slmllanty of all community 
radionuchde concentrations measured in 1978,  no 
commumty could be singled out as having received 
a maxmum radiation dose The maximum probable 
70-year radiation dose commitment at any of several 
unspecified communities was calculated to be 
<O 003 mllllrem to  the total body and <O 83 
mlllirem to the bone These values include some 
contnbution from sources other than Rocky Flats, 
such as the perslstence o f  pre-1978 fallout These 
values represent <O 002% and <O 17% of  the 
appropnate DOE dose standard In companson, 
annual radiahon doses from natural background of 
1 SO milllrem to  the total body and 168 millirem 
to the bone have been reported I 

Total dose to the population limng withm 80 krlo- 
meters (50 d e s )  was calculated using the community 
radiation dose values Based on the 70-year total- 
body dose of <O 003 mlllirem, the total population 
dose was estunated to  be <5 7 man-rem The 
corresponding dose from natural radiation back- 
ground is 287 ,000  man-rem 

SITE METEOROLOGY AND CLIMATOLOGY 

Dunng 1978,  complete data were not collected 
from the Plant’s 6 I-meter (200 foot) meteoroloDca1 
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-vower because of problems with the magnetic tape 
md processing units o f  the data acquisition system 
Data are being gathered from offsite  sources for 
review A summary o f  temperature, precipitation, 
and wind data for the 24-year penod, 1953-1976, is 
gwen in Table 1 
wind rose (1975)  that accurately depicts typical 
wind speed and wind direction for the Rocky Flats 
Plant 

Figure 4 shows the most recent 

MONITORING, DATA COLLECTION, 
ANALYSES, AND EVALUATION 

Applicable Guides and Standards 

The Rocky Flats Plant Environmental Monitonng 
Program includes evaluating Plant compliance with 
all appropnate guides, limits and standards These 
values are numerous and varied Guide values for 
radionuclides in ambient air and waterborne 
effluents, for example, have been adopted by the 
Department of Energy The guides are based on 
recommendations pubhshed by the International 
Commlssion on Radiologtcal Protection (ICRP) 
and the Nabonal Councd on Radiabon Protection 
and Measurement (NCRP) Llmits for nonradioactive 
pollutants in effluent water have been defined by an 
Enwronmental Protection Agency "DES dlscharge 
~ e r r m t , ~  and in 1976,  the EPA establahed standards 
for radionuclides in dnnhng water These dnnk- 
ing water standards have been adopted, m turn, by 
the State of Colorado 

The Ra&oactiwty Concentration Guides (RCG)2 
published by DOE [formerly the Energy Research 
and Development Administration (ERDA)] mcluded 
permlssibie concentrations o f  specific radionuclides 
and mixtures of radionuclides m a r  (RCG,) and 
water (RCG,) for controlled areas and uncontrolled 
areas. These guides are reduced by a factor of three 
when applied to a suitable sample of the exposed 
populabon Numencal values of the guides for 
specific radionuclides are cited in some o f  the 
tables presented in this report The guides addition- 
ally restnct the concentration of  radionuclides in a 
mixture such that the sum o f  the ratios between 
each rachonuclide concentration and the appropnate 
concentration guide shall not exceed a value of 1 
The guides further state that a radionuclide may be 

considered as not present in  a mixture if (a) the 
ratio o f  the concentration of that radionuclide in 

the mixture to the concentration guide for that 
radionuclide does not exceed one-tenth and (b) 
the sum o f  such ratios for all radionuclides con- 
sidered as not present in the mixture does not 
exceed one-fourth 

Dunng 1978,  average specific radionuclide concentra- 
tions in air and water were all less than one-tenth o f  
the appropnate concentration guides for specific 
radionuclides The sum of the ratios o f  these average 
concentrations to their respective RCG's was less 
than one-fourth o f  all air and water sampling 
locations The measured concentrations in the 
tables have therefore been compared to the con- 
centration guides for specific radionuclides rather 
than the guide for mixtures 

In the interpretation o f  concentration data for 
radionuclides in Plant effluents and environmental 
samples, the data are treated as if the matenals are 
soluble T ~ I S  assumption sertes as an additional 
safeguard because the RCG's for soluble radiu- 
nuclides handled at Rocky Flats are more restnctwe 
than those for insoluble radioachve matenals 
Throughout t h s  report, where a radionuchde 
concentrahon IS expressed as the cumulative 
measurement of more than one Isotope, the stated 
RCG used for companson represents the most 
restnctive RCG for that grouping of aotopes 
Plutomum concentrabons measured at Rocky Flats 
represent the alpha radioactmty from plutomum 
lsotopes 2 3 9  and 2 4 0 ,  whch  constitute over 97% 
of the radioactmty 

Uranium concentrations are the cumulative alpha 
radioactivlty from the uraruum isotopes 2 3 3 , 2 3 4 ,  
and 238 These isotopes have a much higher 
specific activity than u m u m - 2 3 5 ,  whch  is the 
major isotope (93% by weight) in ennched u m u m  
used at Rocky Flats 

The alpha radioactiwty from these three isotopes 
represents approximately 97% of the radioactiwty 
from uranium The most restnctive RCG's for a r  
and water for these tsotopes are those for uranium- 
233 and -234, which are identical and are listed as 
appropnate throughout t h a  report 



I 

RFP-ENV-78 

ground The concentration measurements shown 
in this report, however, include contnbutions from 
fallout deposition and naturally occurnng radio- 
active matenals Because o f  fallout, regonal 
background is vanable and not well defined A 
more d e t d e d  dscussion o f  background radio- 
activity is gven in the air and water monitonng 
and the radiation dose sechons of t h s  report 

-The applicable EPA standard for beryllium (a 
nonradioactive material) In airborne effluents from 
Plant buddings is 10 grams per day per stationary 
source in a 24-hour time penod Currently, there 
are no DOE or EPA guides or standards for radio- 
nuclides in effluent air For ambient air, the 
applicable DOE RCG’s for soluble plutonium-239 
and -240 in uncontrolled areas and for the general 
population are 60 X 
pCi/ml respectively 

pCi/ml and 2 0  X 

The DOE soluble plutonium-239 and -240 RCG in 
waterborne effluents for the general population is 
1,667 X I O 4  pCi/ml The comparable RCG for 
amencium-241 in water is 1 ,330 X IO4 pCi/ml 
The most restnctive RCG for uranium-233, -234,  
and -238 in water is 10,000 X 10- pCi/ml, whch 
IS the RCG for eithzr uranium-233 or Uranium-234 

In 1976,  the tnvironmental Protection Agency 
promulgated regulations for radionuclides in dnnk- 
mg water These regulahons were effective on 
June 2 4 ,  1977,  along with pnmary dnnkmg water 
regulahons for microbiologxal, chemical, and 
physical contaminants The intent o f  the Safe 
Dnniung Water Act was to ensure that each state 
has pnmary enforcement for mamtanmg d n n b g  
water quahty To comply w t h  these requrrements, 
the Colorado State Board of Health modified 
exlsbng State dnnlung standards to  mclude radio- 
nuchdes s Two o f  these commumty dnnlung water 
standards are of mterest in t h ~ ~  report The State 
standard for gross-alpha partxle actimty (including 
radium-226 but excludmg radon and uranium) in 
community water systems IS a m a m u m  of 15 
picocunes per liter [ pCi/l( 15 X 1 O+ pCi/ml)] 
Amencium and plutonium, whch  are alphaemittmg 
radionuclides, are included 111 thu h i t  The limit 
for tnhum in dmiung water IS 20 ,000  pCi/l 
(20,000 X IO+ pCi/ml) 

The Rocky Flats Plant NPDES p e r m ~ t , ~  issued rn 
1974 by the EPA, establuhed effluent concentration 
lmitations and hmitabons for mtrate and pH in the 
&charge from Holding Pond A-3 m the Walnut 
Creek dmnage 

I 

Background Radioachvity 

The DOE guide values for radioachve matenals in 
a r  and water relate to  con entrations above back- Y 

Andy tical Procedures 

Analyses for plutoruum-239 and -240,  uranium- 
2 3 3 ,  -234,  and -238,  and amencium-24 1 are 
conducted m the followmg manner Pnor to any 
separahon of elements from the sample matrix, 
a known quantity o f  nomndigenous radioactive 
tracer IS added to each sample These tracers are 
used to determine chemical recovery The tracers 
used for plutonium, uramum, and amencium are 
plutonium-236, uranium-236, and either amencium- 
243  or cunum-244, respectively 

Separation o f  the radiolsotopes from the envlron- 
mental and effluent matnces IS performed by ion 
exchange techmques The punfied radioisotopes 
are electrodeposited onto stamless steel dlsks and 
are rahometncally determrned by alpha pulse 
height spectrometry ’ The resultmg ralonuchde 
concentrabons are cumulatwe radioactivlty from 
the vanous fiotopes for a gwen element, as measured 
by the alpha pulse height spectrometry system 

Detect~on b i t s  
Table 2 shows nommal values for the h h u n u m  
Detectable Concentratlons (MDC) of matenals in 
vanous m e l a  The values shown are for typic& 
sample volumes analyzed in the Rocky Flats 
momtonng program For any indimdual sample, 
the MDC may be larger or smaller, dependmg on 
detector, countmg parameters, and the size of 
the sample collected and analyzed Table 2 also 
hts specific nonradioachve standards and 
Rahoactmty Concentrabon Guides (RCG’s) 
apphcable to  anborne and waterborne effluent 

Data Reducbon 

Average concentration (Cayg) represents the 
calculated anthmetic mean of the set o f  observed 



data Any  obscrv~d concentrJtion below the 
MDC was assigned the MDC vdlue for reporting 
~ n d  Jvcrdging purposes When one or more MDC 
values are included in a set of values the computed 
mean value o f  that set is preceded by a less-than 
sign (<) 

Standard deviations typically are included in sets 
of environmental data, however, the use o f  
standard deviations can be misleading and is con- 
sidered inappropriate for the data in t h s  report 

The vanability of environmental conditions from 
one sampling penod to another wdl result in 
nonrandom vanations in the measured concentra- 
tions The distnbution o f  measured concentrations 
therefore would not be normal Under these 
circumstances, standard deviation values illustrate 
only the vanability of the measured concentrations 
not the reliability o f  the data For these reasons 
standard deviations are not included in tliis report 
A tabulation o f  minimum and maximum concen- 
trations (Cmm and Cmax) have been included 
with each data set for the purpose o f  defining the 
range of measured concentraoons 

Quality Control 

An analytical quality control program is conducted 
by the Rocky Flats Health and Environmental 
Laboratory (H&EL) to ensure the reliability of 
environmental data 

The program includes the following elements 

1 Development, evaluation, improvement, 
I 

modificatron, and documentation of analytical 
procedures 

2 Intralaboratory quality controI 

3 Participation in interlaboratory quality control 
programs 

4 Instrument performance evaluahon 

The Rocky Flats Chemistry Standards Laboratory 
prepares "blmd" standard samples using calibrated 
radiosotopes traceable t o  the National Bureau of 
Standards These standard samples are prepared 

I 

to simulate routine environment4 samples 
Statistical analysis of quality control data and an  
assessment o f  laboratory performance is conducted 
by the Chemistry Standards Laboratory on a 
monthly basis Table 3 shows the measurement 
statistics for the control program based on a six- 
month average 

The Rocky Flats Health and Environmental Labora- 
tory participates in a laboratory intercompanson 
study program conducted by the EPA's Environ- 
mental Monitonng and Support Laboratory 
Participation is limited to those programs which 
are representative o f  the Rocky Flats Monitonng 
Program Examples are 

Gross alpha and gross beta activity in water 

Radionuclides on air filters 

Tntium concentration in water 

Gamma activity in water 

Data from compIeted analyses are returned to the 
EPA Quality Assurance Branch for statlstical 
analysis and for cornpanson with other participating 
laboratones Participants are furrushed with a com- 
puter report and updated perfomiance chart The 
computer reports list the results for all of the labs 
submitting results All results are compared a g m s t  
a normahzed grand average of all results and aganst 
the known value The performance chart is a graph 
o f  the laboratones performance over a two-year 
penod A wammg level IS established a t  two sigma 
dewations from expected results and a control level 
1s establahed at three sigma deviatrons 

The Health and Environmental Laboratory partici- 
pates in the Environmental Measurements 
Laboratory's (EML) Quahty Assessment Program 
Sod, water, air filter, a m a l  tlssue, and vegetation 
samples containing radionuclides are submitted by 
EML on a quarterly bass The results are grven to 
EML who publishes both a quarterly report and an 
annual summary listing the results reported by all 
participants 

Table 4 shows a companson o f  Rocky Flats H&EL 
with other participating laboratones In the DOE 
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--EML and the EPA Environmental Monitonng and 
Support Laboratory’s cross-check programs The 
data concerns air, soil, and water for the penod 
from October 1977 to August 1978 Health and 
Environmental Laboratory results are compared 
to the grand mean for all laboratones reportmg 
common data The H&EL results are plotted as a 
funchon of their normalized dewation from the 
grand mean Two sigma about the mean is con- 
sidered a wamng level A threesigma dewation is 
considered a control level requinng inves tigahon 
and correctwe action Dunng the penod under 
consideration, the majonty of the crosscheck 
samples analyzed for thus program were w t h m  
the two-sigma range 

Arborne Effluent Momtonng 

Particulates in ven tllation effluents from produc- 
hon and research fackties are sampled conhnuously 
Parhculate contammants are removed from these 
effluents by means of  HI& Efficiency Parhculate 
h r  (HEPA) filters Samples of filterable particulates, 
mdicative of the effluent quahty, are collected 
downstream from the final stage of HEPA filters 
For detection o f  abnormal condihons, ventdahon 
systems contatrung plutomum are eqmpped wth 
selective alpha momtors that are sensitive to radio- 
nuclides such as plutoruum-239 and arnencium-24 1 
These momtors alarm automatically if o u t s f -  
tolerance conditions are expenenced 

Three tunes each week the filterable pahculate 
samples are removed and radiometncally analyzed 
for long-lived alpha emitters Concentrations of 
long-lived alpha emitters are indicahve of  the 
effluent quality and HEPA filtration efficiency 

At the complehon of each month, the samples are 
composited, by ventllation system, for speafic 
radiochemical separation and alpha pulse height 
analysls for plutonium and uranium (as descnbed m 
the Analytical Procedures sechon of the report) An 
aliquot of each composite sample 1s analyzed for 
beryllium parhculates using a flameless atomic 
absorption spectrophotometer technique 

L 

In February 1978, specific analysis for uranium and 
beryllium was expanded from 12 to 37 effluent 
locations Effluent air from 15 ventilation systems 
is sampled continuously for tntium A bubbler 
with water is used as the collection medium 
Tntium concentrations in these samples are measured 
using a liquid scintdlatron spectrometer 

Table 5 presents quantitative data for radioisotopes 
and beryllium released to the atmosphere in ventila- 
bon effluents dunng 1978 The concentrahons and 
quantities include small background con tnbutions 

Dunng 1978, the total amount of  plutonium released 
to the atmosphere was less than 2 76 microcunes 
Uramum and beryllium releases from the 37 ventila- 
hon systems were less than 53 07 rnicrocunes and 
17 573 grams respectively Slightly less than one 
cune o f  tntium was released Dunng February, less 
than 15 575 grams of beryllium were released Of 
th~s total, approxunately 14 56 grams o f  berylhum 
was accidentally released as the result o f  a small 
weldmg-related fire on February 23, 1978 Ths 
berylhum release was confined to Government- 
owned property with no spread to any adjacent 
off-site locahon, as determmed by berylhum 
measurements in on-site and penmeter ambient 
au samples 

Instrumentation to provlde in-stack monitonng 
for carbon tetrachlonde, total hydrocarbons, mass 
emmion rates for parhculates, oxldes of nitrogen, 
and sulfur l o x l d e  effluents has been purchased and 
IS bemg mstalled in selected exhaust ventilahon 
systems Thts equipment w111 prowde the data to 
confirm comphance w t h  appropnate stack emlssion 
standards. 

Ambient h Momtonng 

Hrgh-volume ambient-zur samplers are located on 
the Rocky mats Plant site, at the Plant penmeter 
[at a dlstance of approxunately 3 to 6 Iulometers 
(2 to 4 mdes) from the Plant center],  and in 12 
surroundmg communihes The ax  samplers are 
of a Rocky Flats design, wluch is descnbed in 
detail 111 Rockwell Engmeenng Drawing 2726 1 - I 
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-through 2726 1-6 The high-volume samplers 
operate continuously at d volume flow rate of 
approximately 19 liters per seLond (40 cubic feet 
per minute) Particulates are collected on a 20- 
X 2Scentimeter (8- X 1 0-inch) Delbag Microsorban@ 
filter The effectiveness of the hgh-volume sampler 
and the filter media has been evaluated by Dr 
James B Wedding, Colorado State University, Fort 
Collins, Colorado The Rocky Flats design com- 
pared favorably to  the EPA-specified standard 
fi-Volume Sampler for a vanety of field-realistic 
conditions The filter media was found to be 
greater than 99 9 percent efficient for particle sizes 
and pressure drops typical of ambient air samphng 

Atrborne particulates in ambient n r  are sampled 
continuously at 23 locations within and adjacent 
to the Rocky Flats exclusion area (Figure 5) The 
sample filters are collected weekly and analyzed 
for total long-lived alpha ( T L k )  :r T L k  actiwty 
exceeds 0 0 1 pCi/m3 , specific plutonium analysis is 
performed Dunng 1978, all T L k  concentrahons 
were below 0 01 pCi/m3 On a routine bass, 
filters from 11 of the 23 samplers are composited 
and analyzed biweekly for plutomum Table 6 
contams the results of average concentrations of 
plutomum radioachwty in nrborne parhculates 
dunng 1978 The highest percentages of the RCGa 
were at Samplers S-8 and S-9 These samplers are 
located wthm the secunty fence directly east 
(downwind) of an area in which the sod is known 
to contam plutonium Dunng the summer of 1978, 
a sod removal operation was conducted in th.u area 
The sod removal operation is descnbed elsewhere 
111 t h s  report 

The average concentrations of plutomum in ambient 
nr at the 11 onsite stations dunng 1978 ranged 
from 0 05 X lo-’’ pCi/ml to 0 86 X 1O-l’ pCi/ml 
These concentrations were less than 1 5 percent of 
the RCGa for soluble plutonium in ambient i r  in 
uncontrolled areas 

Samples of anborne particulates are collected on 
filters by hgh-volume i r  samplers at 14 locahons 
along or  near the Plant penmeter These penmeter 
samplers are located between 3 and 6 lulometers 
(2 and 4 miles) from the Plant center (Figure 6) 
The samplers are numbered S-3 I through S 4 .  
Samples from each location are collected weekly, 

analyzed for total long-lived alpha activity, corn- 
posited by location, and analyzed for a four-week 
penod for plutonium Table 7 presents the average 
concentrations of plutonium radioactivity in airborne 
particulates at Stations S-3 1 through S44 dunng 
1978 The average concentration of plutonium in 
ambient nr at  these locations dunng 1978 was less 
than 0 06 X IO-’’ pCi/ml Th~s  concentration was 
less than 0 30% of the soluble plutonium RCG, for 
the general populahon 

Samples of nrborne particulates also are collected 
at 12 locahons in or near communities in the wcimty 
of the Rocky plats Plant These locahons, as 
identified in Figure 6, are Boulder, Broomfield, 
Denver, Golden, Jeffco Atrport, Lafayette, Leyden, 
Marshall, Supenor, Wagner, Walnut Creek, and 
Westminster Sample filters are collected weekly, 
analyzed for total long-lived alpha activity, com- 
posited by location, and analyzed for a four-week 
penod for plutomum radioactivlty 

Table 8 presents the average concentrations of 
plutomum m mborne particulates a t  the commumty 
stations dunng 1978 The average concentrahon of 
plutomum m ambient a u  at the community stahons 
was less than 0 06 X IO-” pCi/ml That value 1s 

less than 0 30% of the soluble plutomum RCGa for 
the general populahon 

The 1978 penmeter and community monthly 
average concentrahons of plutomum m i rborne  
partxculates are shown graphcally 111 Figure 7 
From t h ~ ~  figure, two observahons can be made 
Fmt, w t h m  expenmental error there is no lfference 
m the monthly concentrations at penmeter and 
commuruty locations Second, in March there was a 
sigruficant increase in the concentrahons at all 
locations This increase was followed by a steady 
decrease that lasted until October 1978 

The increased plutonium in ambient air dunng the 
penod from March through October was a result 
of fallout On March 14, 1978, The People’s 
Repubhc of China conducted an above-ground test 
of a nuclear devlce Radioactwe fallout from t h s  
test began passing over the continental United 
States on about March 18, 1978 Thls was 
evldenced in Colorado by observing total long-lived 
beta actiwty in ambient air Such observations are 
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- conducted routinely by the Colorado Department 
of Health lo  The data shown in Figure 8 show 
the passage of fallout dunng March that perslsted 
throughout the remainder of 1978 Beta-emittmg 
radionuclides in fallout have half-lives that are 
shorter than alpha-emittmg radionuchdes such as 
plutonium, consequently, the plutomum concen- 
trabons dlsplayed m Figure 7 did not decrease at 
the same rate as the total long-lived beta concentra- 
tions shown in Figure 8 

The People’s Repubhc of &a conducted a second 
above-ground test in December, thrs also contnbuted 
to mcreased total long-hved beta acbwty in ambient 
a n  However, plutonium concentrations measured 
at Rocky Flats penmeter and community locabons 
&d not vary This IS due in part to the fact that 
the last samphng penod for 1978 was a six-week 
penod from November 10 to January 5, 1979 Thls 
dduted the effect that might have been observed in 
the plutonium concentrahon results Also, there 
may have been less plutomum m the fallout that 
passed over Colorado m December 

From Figure 7, a reasonable estmate of the nuclear 
testmg fallout contnbuhon to plutomum concentra- 
horn m ambient a u  can be made The January and 
February 1978 plutomum concentrabons at 
penmeter and commuxuty locations averaged 
<O 04 X pCi/ml These concentrahons reflect 
some residual fallout from the September 1977 
nuclear test The increased concentrahons measured 
from March to October are solely due to fallout. 
Therefore, the concentrahons from October through 
December of <O 02 X pCi/ml are concentra- 
horn that could have been anticipated had the 
March 1978 above-ground test not been conducted 

In summary, the penmeter and community pluto- 
mum concentrahons dunng 1978 both averaged 
<o 06 X pCi/ml. Thts concentrabon can be 
subdiwded mto-fallout concentrabon of <O 04 X 

pCi/ml from the March test The remamder, 
<O 02 X pCi/ml, IS from background due to 
plutomum from prevlous above-ground testmg unth 
an undefinable part of the <O 02 X 
concentrahon possibly bemg of Rocky Flats ongm. 
Currently the measurement techmques and sensitiwty 
of measurements at  Rocky Flats are not sufficient 
to determine the Rocky Flats contnbution that may 

pCi/ml 

be part of the balance concentration of <O 02 X IO-’’ 
pCi/ml The sigruficance of these values is discussed in 
the dose assessment sechon of t h s  report 

Waterborne Effluent Mom tonng , 
North Walnut Creek receives storm-water runoff from - 

the north side of the Plant site (See Figure 3 ) Hold- 
mg Pond A-3 on North Walnut Creek is used to 
lmpound t h s  runoff for analysis pnor to dlscharge 
Ponds A-1 and A-2 are solated from North Walnut 
Creek and are used for storage and evaporabon of 
water contauung less than 1,667 X l o4  pCi/ml of 
plutomum flus water IS Rocky Flats laundry 
wastewater and water from one Plant coolmg tower 
T ~ L S  water i s  pumped to Pond A-2 from Pond B-2 
Dunng the summer months, natural evaporabon is 
enhanced by spraymg the water from Pond A-2 
through fog nozzles over the surfaces of Ponds A-1 
and A-2 These ponds then receive the excess water 
that does not evaporate dunng the process Typi- 
cally, the plutomum content m t l u  water averages 
less than 5 X IO+’ pCi/ml 

South Walnut Creek receives &charges from the 
Plant’s terhary sewage treatment fachty after 
passage through Holdmg Ponds B-1 , B-3, and B-4 
Dunng 1978, Plant wastewater drscharged through 
thrs facrlrty conslsted of coohg-tower blowdown, 
steam condensate, and sanrtary waste These hquid 
wastes were subjected to terhary treatment before 
bemg &charged from the Plant Sohds resultmg 
from ths operabon were decomposed m an 
anaerobic &gestor After drymg, the contents of 
the &gestor were packaged in SS-gaLlon drums 
and shpped, m comphance m . h  apphcable regula- 
hons, to a DOE waste-storage facliity 

After treatment, the hquid effluents were unpound- 
&charged from the B-senes holdmg ponds to South 
Walnut Creek. (See Figure 3 ) Pond B-2 IS isolated 
from ths discharge stream and IS used for impound- 
ment of water contanmg less than 1,667 X 10”) 
pCi/ml alpha activlty Thts water conslsts of Rocky 
Fiats laundry wastewater and water from one Plant 
coohng tower 

Dmharges from the Rocky Flats Plant are monitored 
for compliance w ~ t h  appropnate Colorado Depart- 
ment of Health standards and EPA-NPDES permit 
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- limitations Average concentrations of chemical and 
biological constititents of routine liquid effluent 
s~mples collected from Pond A-3, the sewage treat- 
ment plant,  and Pond C-1 dunng 1978 are presented 
in Table 9 This table is diwded into sections that 
list the appropriate Colorado Department of Health 
standards and the EPA-NPDES permit lrmitahons in 
effect dunng 1978 Daily NPDES effluent concen- 
trations for fluonde were exceeded at the sewage 
trcatment facility on two occasions The d d y  
maximum limitation for tius parameter is 1 7 mg/l 
The two violations occurred in January 1978 when 
daily values of 3 7 and 2 4 were recorded 

Investigations conducted in January and February 
1978 revealed the fluonde wolatrons were caused 
by a floor seahng compound being discarded mto 
the sanitary drains The floor sealer is a magnesium 
fluosilicate compound used by an independent sub- 
contractor at the Rocky Flats Plant to harden, 
densify, and retard the dusting of  newly poured 
concrete floors Correctwe actions have been taken 
to llmit and control the use of ths compound and 
to ensure that soluhons c o n t u g  t h s  matenal are 
not dlscharged to the sarutary dram system 

, 
Di ly  NPDES effluent concentrabons for pH, 
suspended sohds, and biochemical oxygen demand 
were exceeded on several occasions A pH vlolahon 
occurred in February when a value of 3 4 was 
recorded The pH wolahon was the result of an 
acid release from the steam plant In attemptmg 
to neutrahze t b  acid w t h  lune, two suspended 
solids (30 and 67 mg/l) vlolahons occurred In 
addibon, a biochemical oxygen demaqd (58 mg/l) 
nolation occurred as a result of the accidental acid 
release to the sewage treatment plant Dunng the 
latter part of February, another biochemical oxygen 
demand (27 mg/l) vlolahon occurred as the result 

steam plant lhs backwash water contamed Eon 
oxide particles, which placed an extra oxygen 
demand on the sewage treatment plant The 
monthly average for February 1978, for biochermcal 
oxygen demand (1 5 5 mg/l), was 111 excess of the 
allowable lmit  of 10 mg/l 

, 

I 

I of poilsher backwash water bemg released from the 

Dunng the month of March, two biochemical oxygen 
demand (29 and 28 mg/l) vlolaaons occurred These 
two violations were assoctated with increases in total 

suspended solids whch remained witliin the allow- 
able lunit  The monthly average of 1 1  7 mg/l for 
biochemical oxygen demand was in excess of the 
allowable limit of 10 mg/l 

Dunng the month of July, one biochemical oxygen 
demand (45 mg/l) violation occurred The cause 
of t h s  wolahon was due to the failure of an aerator 
blower in one of two secondary treatment processes 
of the sewage treatment plant 

When planned dlscharges are made from Holdmg 
Pond A-3, the water is sampled continuously These 
samples are anilyzed for plutonium, uranium, 
amencium, and tntium Water is sampled contin- 
uously and collected dally from the outfalls of 
Ponds B 4  and C-1 These d d y  samples are 
cornposited into weekly samples for plutomum, 
uranium, and amencium analyses Weekly grab 
samples at Ponds B 4  and C-1 are analyzed for 
tn tium 

Concentrahons of plutomum, uramum, and amen- 
crum in water samples at the outfalls of Ponds A-3, 
B4, and C-1 are presented in Table 10 Tnhum 
concentrations are presented in Table 1 1  All 
plutonium, u m u m ,  amencium, and tntium 
concentratlons m these ponds were less than 0 09 
percent of the apphcable RCG, Walnut Creek is 
sampled conhuously at Indiana Street, which 1s 

downstream from the confluence of the stream 
tnbutanes and approxunately at the Plant’s east 
peruneter These samples are composited weekly 
and analyzed for plutomum, u m u m ,  and 
amencium Results of these analyses are presented 
m Table 12 Weekly grab samples are analyzed for 
tntlum , the results for 1978 are presented in Table 
11 The 1978 average concentrations for plutoruum 
uramum, amencium, and tntium in Walnut Creek at 
the InQana Street locatton were less than 0 09 
percent of the applicable RCG, The plutomum 
and tntium concentrahons were well below h i t s  
set forth m the new Colorado Stream Quality 
Standards. 

Ralston Reservor, whch 1s located near a uranium 
mme, serves as the pnmary source of raw water for 
the Rocky Flats Plant From March through 
December 1978, the impact of thls water source 
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was evaluated by conducting weekly uranium 
analysis on samples of Rocky Flats raw and treated 
water The uranium concentrations measured 
dunng t h  penod are summanzed in Table 13 

Uranium concentratrons measured dunng 1978 in 
raw water and treated water averaged 6 8 X 
and 6 2 X 10 -9 pCi/ml respectively After thls 
water was used throughout the Plant, it was dis- 
charged to the sanitary sewage system and 
ultlmately to Pond B 4  and then to Walnut Creek 

As shown in Tables 10 and 12, the 1978 average 
uran~um concentration in effluent waters, as 
determined at the Pond B 4  and Walnut Creek 
samphg locatrons, was 5 8 X I O 4  pCi/ml A 
companson of influent and effluent uranium con- 
centratrons suggests that effluent water showed 
no increase in uranium coccentrabon from Rocky 
Flats operations 

Groundwater Momtonng 

The Rocky Flats Plant routmely samples 43 hydro- 
loqc test holes at appromately five-month mtervals 
Analyses are conducted to detemme if there IS any 
movement of chemical or raloachve matenals of 
possible Plant ongm into waterbeanng strata under- 
lymg the site 

Five of the test holes are approxunately 46 meters 
(1 50 feet) deep or deeper These test holes, 
numbered 1-66,2-66,346,22-74, and 21-74, are 
located near the west secunty fence, northeast of 
the solar ponds, east of the solar ponds, east of the 
east secunty fence, and at  the south secunty fence 
respecbvely These test holes provlde mformahon 
concermng water movement III bedrock formahons 
The remamng test holes range from 1 to 15 meters 
(4 to 50 feet) deep and generally are located near 
three onsite solar evaporahon ponds and other 
holdmg ponds Locat~ons of the 43 test holes are 
idenbfied m Figure 9 

~ 

Dunng March and July, test holes contaming water 
were sampled and analyzed for plutoruum, u m u m ,  
amenaum, and tntium Table 14 presents measured 
depths and radioactmty concentrabons 111 the test 
holes dunng 1978 

Amencium, tntium, and uranium have appeared in 
test holes in close proximity with the solar evapora- 
tion ponds As these ponds are hydraulically 
upgradient from the test holes and have been used 
to store process wastewaters pnor to treatment, it 
appears that some seepage may have occurred 
Plutonium, however, has not been found in con- 
centrations greater than MDA since 1977, when 
values of 0 2 X lo* pCi/ml were reported in 
Test Holes 2-60 and 4-60 

Three sites were reported wlth plutoruum actiwtres 
above MDA 1-7 1,3-7 1, and 1 5-74 The March 
sample at 1-7i, yieldmg 1 14 X 1 O+ pCi/ml, has 
been attnbuted to mdb lown  particulate matenal 
Subsequent analyses, fo l lomg capping of the well, 
have yielded actiwties of 0 171 X 
(July 1978) and <O 1 X l o 4  pCi/ml (January 1979), 
indicating remedial acbons taken were sufficient 
Test Hole 3-71 yielded a July plutonium lekel of 
0 225 X l o 4  pCi/ml Although located directly 
south of Pond A-2, whch IS a process-waste holding 
bmn, actiwties measured in a l l  pnor analyses 
(<O 1 X io4 pCi/ml) at thrs site suggest an 
lrregulanty such as sample cross-contammahon 
rather than aquifer contammahon Test Hole 15-74 
yelded anomalous concentrahons of plutonium 
(0 135 X IO4 pCi/ml) and tntium (2,796 X 10’ 
pCi/ml) in the March samphg In July, the p lu te  
mum and tntrum concentrabons for Test Hole 
15-74 were <O 1 X 10- pCi/ml and 627 X lo4 
pCi/ml, respectrvely 

pCi/ml 

Test Hole 17-74 was found to have an amenaum 
actrnty of 0 126 X lo4 pCi/ml in July Pnor to 
1978, the last value reported at greater than 
0 1 X i o 4  pCi/mi was 0 112 X io4 pCi/ml in 
May 1976 Anomalous values reported at Test 
Holes 15-74, and 17-74 cannot be explamed at 
thts tune 

Regronal Water Momtonng 

Water samples are collected weekly from Great 
Western Reservoir, whch IS a water supply for the 
city of Broomfield, and from Standley Lake, which 
supplies the city of Westmmster and portions of the 
Thornton-Northglenn area. Concentrations of 
plutomum, uranium, amencium, and tntium in 

I 1  



KI I '  I \V-?X 

- w,itc  r s a i i i l A \  iollccted at thcse two locdtions 
W C I L  I C < \  t i 1  i n  0 07 pcrccnt o f  the applicable RCG, 
T,ip or liiiisliccl wdtLr troni Boulder, Broomfield, 
m d  Wt9tininstcr IF collected weekly Quarterly 
smp1Ls ot tap water also are collected from the 
surrounding communities o f  Arvada, Denver, 
Golden, Lafayette, Louisvllle, and Thornton These 
samples are analyzed specifically for plutonium, 
uranium, and amencium The resulting data for 
1978 are summanzed in Table 15 Plutonium and 
menc ium concentrations in community taps were 
less than the minimurn detectable concentration o f  
0 1 X l o *  pCi/ml More sensitive measurements 
were made on monthly composite samples from five 
sampling locabons dunng a six-month penod These 
measurements provided results that were very near 
or less than a minimum detectable concentration of 
0 02 X 
ot the applicable RCG s 

pCt/ml All values were less than 0 01% 

Dnnking water standards have been adopted by the 
EPA and the State of Colorado for alpha-ernitting 
radionuclides (excluding u m u m  and radon) and 
for tntium These standards are 15 X l o 4  pCi/ml 
m d  20,000 X 10 -9 pCi/ml, respechvely Dunng 
1978,  the sum of the concentratlons of plutonrum 
and amenciurn (alpha-emittmg radionuchdes) m all 
community tap samples was less than 0 2 X IO4  
pCi/ml This value is less than 1 5% of the alpha 
standard The tntium concentrahon in Great 
Western Reservoir and Standley Lake averaged less 
than 7 0 0  X l o 4  pCi/ml This value 1s typical of 
background tntium in Colorado and represents less 
than 3 5% of the EPA and State of Colorado Dnnk- 
ing Water Standard for tntium 

In September 1978, single water samples were 
collected from 16 additional lakes, reservoirs, and 
streams in the regon Samples were collected at 
distances o f  8 to 32 Iulometers (5 to 20 mdes) from 
the Plant and were analyzed speclfically for Pluto- 
nium, uranium, amenciurn, and tnbum As shown 
in Table 16, the 1978 average plutomum 
concentration was less than 0 01 percent of  the 
soluble plutonium RCG, for the general population. 

Sod Sampling and Analyses 

Soil samples were collected on a special project basis 
dunng 1976 ,  1977,  and 1978 One hundred sixty 

samples were collected from surveyed sites at 
distances up to 1 6 kilometers (one mde) from the 
Rocky Flats Plant boundary-in ail directions except 
north The geometry o f  all sod samples was con- 
trolled by dnving a 10- X 1Ocentimeter (4 X 4 inch) 
cutting tool 5 centmeters (2 inches) mto undlsturbed 
soil The sod sample contamed Hrlthin the tool 
cavity was removed for analysis 'I 

Sample preparation and analysls was conducted 
according to a procedure developed by personnel 
from Rockwell International and from Eberline 
Instrument Corporation (EIC) in Albuquerque, New 
Mexlco --procedure is adapted from the Nuclear 
Regulatory Guide 4 5 '' The entire sample is oven 
dned, sieved through a 10-mesh sieve, weighed, and 
the fme matenalrs ball mdled A 10-gram aliquot 
of the pulvenzed soil is analyzed for piutonium 
Chemical recovery from the radiochemical procedure 
IS determined by adding plutonium-236 as a tracer 
T h e  analytical results are reported in units of dis- 
mtegrations per mmute per gram of dry sod fines 
These values are converted to picocunes per gram 
of dry sod (less than 10 mesh or 2 mm) 

The 1978 sod data are drsplayed m Figure 10 for 
locations surroundmg the Plant The values aven  
are for the range and median value (m parentheses) 
The m m u m  value detected was 1 4 picocunes 
per gram 

On-site sod samples were collected and analyzed 
dunng 1978 in preparahon for sod excavation 
requmd for a Plant construcbon project related to 
surface water control Locabons of  samples taken 
and concentrations of  plutonium in those samples 
are shown m Figure 1 1  

Sod Removal Operahon 

Dunng the summer of 1978 ,  contammated sod was 
removed from an area designated as the 903 h p  
Area and from an area where an off-site contractor 
1s to mtall a p o ~ o n  of a new secunty fence These 
two areas are shown in Figure 12 

The operabons were conducted under restncbons 
unposed by the Operational Safety h a l y s l s  (OSA) 
for soil removal Excavation of  the sod was camed 
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.out using front-end loaders, with hand diggmg in 
areas where heavy equipment could not be used 
The soil removed was loaded into 2-ft X 4-ft X 7-ft 
plastic-lined plywood boxes for shipment off site 
Background radioactivity was approximately 250 
counts per minute, as measured by a field instru- 
ment for the detection of low energy radiation 
(FIDLER) which is sensitive to the 17 keV pluto- 
mum photon emission Sod which had a FIDLER 
reading at, or in excess of 2,000 counts per minute, 
was removed to the background level of approxi- 
mately 250 counts per minute Four to eight inches 
of sod were removed 

All SOLI was premoistened pnor to removal The 
soil removal operation was monitored for resuspen- 
sion of contamination by a mmmum of two 
portable ambient air samplers and msual inspection 
by a representative of Environmental Analysis and 
Control Wind restnctions were imposed by the 
OSA, and any wind in excess of 15 mph resulted 
III shutdown 

The sod removal operation resulted in 1,282 plywood 
boxes of contaminated sod bemg shpped from the 
Plant site Based on an average sod concentration of 
1,200 d/m/g and a density of 1 g/m3, the amount 
of plutomum removed from the hp area was calcu- 
lated to represent approxmately 0 5 cunes l3 

Upon completion of the project, top sod was spread 
over the excavated area and the area was seeded 

External Gamma Radiahon Dose Momtonng 

Thermolummescent doslmeters (TLD’s) are used to 
measure external penetrating gamma radiation 
exposure at 45 locations on and off the Plant site 
The gamma radiation exposure 1s due to cosmic 
rays, natural gamma-ray emitters m the earth’s 
crust, and surface deposition of fmion products 
from worldwde fallout 

Indindual measurements are made over a penod 
of three months. The dosimeters (TLD’s) are 
placed at 17 locations withn the property enclosed 
by the secunty fence shown in Figure 2 Measure- 
ments are also made at 16 penmeter locations at 
3 to 6 hlometers (2 to 4 mdes) from the Plant and 

in 12 communities located within about 32 kilo- 
meters (20 miles) of the Plant The TLD’s are 
placed at a height of I 8 to 2 4 meters (6 to 8 feet) 
above ground level 

Each TLD consists of a sealed glass bulb enclosing 
two extruded nbbons of CaF, Mn (TLD-400) that 
sandwich a central metal heater stnp The TLD’s 
are encased in an energy compensating shield to 
reduce over-response to photons with energes less 
than about 100 keV The use of TLD’s for assessing 
external penetratmg radiabon in the environment 
has been evaluated under field and laboratory con- 
l t ions  and has been found to be a sensitive and 
reliable tool for envlronmental measurement of 
gamma radiation exposure l4 

The 1978 enwonmental measurements made using 
TLD’s are shown in Table 17 The average annual 
dose equivalents as measured on site, in the 
envlrons, and in the commuruhes were 13 1 337, 
124 +30, and 13 1 +30 mdhrems respectively 
These dose values, whch are not significantly 
lfferent, represent an unavoidable dose from 
natural radiatxon sources 

ASSESSMENT OF POTENTIAL PLANT CON- 
TRIBUTION TO PUBLIC RADIATION DOSE 

The Rocky Flats Plant stnves to m m i z e  the con- 
centrahons of a l l  radioactive effluents being 
&charged to the enwonment. Removal and 
&posal of known radioactwely contammated sod, 
applicahon of dust pdhabves for the suppression 
of fuatrve dust emmons, and admmtratwe 
control of all waterborne effluent dncharges are 
methods bemg employed m thrs effort 
Plutomum in the Rocky Flats enwons 1s the 
combmed result of fallout deposition from past 
atrnosphenc weapons testmg and past releases 
from the Plant. Uraruum, a naturally occurnng 
radionuclide, IS indigenous to many parts of the 
state and IS used m Plant operabons m vanous 
lsotopic ratros. Tntium, a radionuclide formed 
by natural atmosphenc processes, also IS associated 
w t h  Plant operabons and fallout 

Potential radiahon doses to the public, which could 
have resulted from Plant effluents, were calculated 
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iising envtroninental measiirements made at the 
DOE propertv houndanes and in surrounding 
Loininunities Inhalation and water consumption 
were tound to be the pnncipal pathways of 
exposiire Swimming and Lonsumption of food- 
stufts and fish were found to be insignificant This 
results from limited swimming and fishing in the 
area and the fact that most food consumed locally 
IS produced a t  considerable distances from the Plant 

Dose assessment for 1978 Plant operations was 
conducted for the Plant boundary, the nearby 
communities, and to a distance of 80 kilometers 
(50 miles) Dose conversion factors used for the 
1978 dose calculations are shown in Table 18 and 
were generated by computer codes that are descnbed 
in detailed reports Is- 

These conversion factors together with radionuclide 
concentrations were utilized to calculate the 70-year 
closc commitment that could have resulted from 
site operations dt the Rocky Flats Plant dunng 1978 
Concentrations of plutonium in ambient a r  that 
coiild be inhaled and possible ingestion of plutonium, 
dmencium, uranium, and tntium from water were 
Lonsidered Chronic inhalation and ingestion intake 
rates of 2 66 X I O 4  cubic meters per second and 
1 65 liters per day respectively are denved from 
data for reference man I 8  

Inhdatxon Source Terms 

Dunng 1978, the concentration of plutonium 
measured in ambient a r  at Plant penmeter locations 
and in the surroundmg communities averaged 
<O 06 X pCi/ml Directional compansons 
of the penmeter ambient air concentrations revealed 
no differences between the normally upwind and 
downwind locations Simdarly, among the com- 
munities, none could be identified as hawng an 
ambient air concentration that was significantly 
different from other commuruties The source 
term contnbution from Rocky Flats IS lower than 
the measured air concentration at penmeter and 
community locations would indicate Dose impact 
calculated from this inhalation is maximurn, in 
that it IS assumed that the minimum detectable 
amount is the Rocky Flats contnbution, without 
correction for background, except for the fallout 
from specific atmosphenc tests 

As stated in this report, above-ground atmosphenc 
testing of nuclear weapons conducted by The 
People’s Republic of China on March 14, 1978 and 
December 20, 1978 resulted in increased plutonium 
concentrations in ambient air The influence of 
this testing on the measured plutomum concentra- 
tions at penmeter and community locations 1s 

shown in Figure 7 In the absence of this influence, 
the average concentrations of plutonium in ambient 
a r ,  attnbutable to the combined contnbutions 
from Rocky Flats and the resuspended plutonium 
deposited from pre-1978 atmosphenc testing, IS 

less than 0 02 X 
and at community locations Therefore, thls con- 
centration of 0 02 X lo-’’ pCi/ml is the maxmum 
concentration that could reasonably be assumed 
to be attnbuted to Rocky Flats Plant operations 
From these data, the Plant site boundary maximum 
source term for airborne plutonium that could be 
inhaled and then contnbute to radiation dose is the 
concentration as measured at h r  Sampler S-36 
That sampler is in the lmmediate vicmity of Walnut 
Creek at the Plant’s east boundary Uncorrected 
for fallout, thls concentration dunng 1978 was 
0 07 X pCi/ml 

pCi/ml at penmeter locabons 

In the communities, after being corrected for 1978 
fallout, the maxmum concentraaon that could be 
related to  Rocky Flats 1s less than 0 02 X 
pCi/ml This is an overestmate as some fallout 
from nuclear testing in past years 1s included In 
addition, thls value represents our lower level of 
detection Radiahon exposure in the surrounding 
cornmumties was assumed to  be constant to  a 
distance of 80 lulometers (50 mles) These mhala- 
bon source terms are summanzed in Table 19 

Ingeshon Source Terms 

Walnut Creek flows off site and provldes the possible 
source term for waterborne radionuclides at the 
Plant penmeter Dunng 1978, the plutonium 
concentration in Walnut Creek averaged less than 
0 2 X lo4 pCi/ml This concentration included 
some contnbuhon from fallout, and several 
analytical results showed the concentration to  be 
below the minimum detectable amount, that is, 
the samples did not have measurable plutonium 
This concentration is the maximum value that 
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might be attributed to the Rocky Flats Plant from dnnking water at distances to 80 kdometers 
Amencium at this location averaged less than (50 mdes) will be assumed to be the same as that 
0 1 X IO4 pCi/ml This concentrabon contained for the community locabons These waterborne 
some fallout contnbution and is the maxmum source terms concentrahons are summanzed in 

concentration considered Table 19 

The pnmary raw-water supply for Rocky Flats is 
Ralston Reservoir As descnbed earher, measure- 
ments o f  uranium concentrations in the Plant's 
treated water influent show an average concentra- 
tion o f  6 2 pCi/1, whch is essenhally the same as 
the concentration measured m the Plant's 
wastewater effluent (5 8 pCi/l) 

The tntium concentration in Walnut Creek averaged 
less than 900 X I O 4  pCi/ml Tntium concentrahons 
m the treated Plant influent averaged 700 X lo4 
pCi/ml, a concentration found to be typical of 
regional waters Therefore, the difference of 
200 X pCi/ml could be considered to be the 
maxlmurn probable concentration of  Plant ongm 

In the commumty treated water, the average Pluto- 
mum and amencium concentrations were generally 
undetectable at concentrations o f  less than 0 1 X lo4 
pCi/ml Measurements made on 18 treated com- 
munity water tap samples from three commumfies, 
at a detection level of less than 0 02 pCi/ml, p r e  
wded only two positive results Current measurement 
techruques for plutoruum and arnenaum are not 
sufficiently sensitive to positively identify any con- 
tnbuhon beyond that o f  fallout. For uran~um, all 
average concentrations were m the range expected 
from natural sources Tntlum IS not routmely 
momtored m treated water The concentrabon m 
Great Western Reservoir and Standley Lake were 
measured, however, and averaged less than 700 X 
lo4 pCi/ml, whch is w t h n  the range attnbutable 
to natural sources 

A maxLmum possible dose from dnnlang water m 
any commumty wdl therefore be from the w u m  
detectable concentratlon for plutomum and amen- 
aum of <O 02 X l o 4  pCi/ml. Tnbum and 
uramum are considered to be at background wth 
no measurable contnbutions from Rocky Flats. 
Th~s resultant dose wdl represent an upper lmit or 
maxunum that might be expenenced by any segment 
of the metropolitan populatlon nespectlve of the 
contnbutions from Rocky Flats. Also, the dose 

Maxrmum Site Boundary Dose 

The maxlfnum dose to an individual continuously 
present at the site boundary 1s based on the nuclide 
concentrations shown in Table 20, whch were 
determmed at the Walnut Creekat-Indiana Street 
penmeter locatlon Usmg these concentrations 
plus conversion factors, a 70-year dose commitment 
of 0 05 mdlirem IS calculated for the total body 
d u n g  1978, with a corresponding bone dose of 
3 70 milhrem This dose commitment at the site 
boundary represents the exposure from all sources 
whether natural or man-made 

When the mfluences o f  fallout and natural back- 
ground are considered, t h  maxunum probable 
70-year dose commitment IS reduced to 0 02 
mdhrem to the total body and 2.3 1 &em to 
the bone This dose commitment IS an upper l m t  
because o f  the large number of sample concentra- 
bons below m m u m  detectable concentrahons 
for the types o f  analyses performed. By companson, 
annual doses to the total body and bone, from 
natural radiabon background m the Denver area, 
are 150 and 168 mdlmm per year, respecbvely ' 
(See Table 20 ) 

The 70-year dose commitments of 0.02 m d k m  
total body and 2 3 1 m h m  to the bone represents 
a m a m u m  probable estunate of the radiabon dose 
from exposure at the site penmeter that could have 
resulted from site operabons dunng 1978 These 
70-year doses represent 0 004% and 0 15% of DOE'S 
radiatlon protectlon standards of 500 m d h m  
annually for total body and 1,500 mdllrem each 
year for mmeral bone 

Mawnum Community Dose 

Because of the srmdanty of radtonuchde concen- 
tratlons in all communities' air and water, the 
community receimng the rnaxrmum dose could 
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not be identified Therefore, the dose descnbed 
applies to any o f  severdl unspecified community 
locdtions Based on the maximum probable nuclide 
concentrations in the surrounding communities 
(Table 19), a 70-year dose commitment o f  <O 003  
millirem to the total body and <O 8 3  mdlirem to 
the bone was determined These values represent 
<O 002% and <O 17%, respectively, o f  the 170 
millirem annual total body dose standard, and 500 
millirem annual dose standard for mineral bone 
These values also may be compared to an average 
dose reported in the Denver area o f  150 and 168 
millirem per year to  the total body and bone, 
respectively, from natural radiation background 
(See Table 20 ) 

Eighty-Kilometer Total Bodv Dose 

The estimated total-body, 70-year dose commit- 
ment is based on nuclide concentrations for several 
surrounding communities and from the 1978  
demographic esbmates shown in Figure 13 The 
population residing withtn 80 kdometers of the 
Rocky Flats Plant is estimated to  be 1.9 1 1,000 
persons It is assumed that t h s  populahon received 
the same 70-year total body dose as descnbed for 
the community locabons (<0 003 mdlirem) On 
this basis, the 80-k~lometer total body dose 1s 

estimated to  be <5 7 man-rem This dose represents 
<O 002% of  the DOE general population exposure 
standard of  170 mdlirem per year for the population 
The corresponding dose from natural radiation 
background of 150 mdlirem per year is 287 ,000  
man-rem 

Table 2 1 promdes a summary of the 70-year dose 
commitments to total body, liver, bone, and lung, 
which could have resulted from site operations 
dunng 1978 
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T A B L E S  
1 through 21 

TABLE 1 Temperature, Preapitabon, and Wmd Data 

24-Year Penod (1953-1976) 

Annual Mean Temperature; 
"C 
(OF) 

Annual Maxunum Temperature. 
"C 
(OF) 

Annual M m u m  Temperature* 
"C 
(OF) 

Annual Peak Gust* 
m/sec 
( w h )  

Avenge 

9 8  
(49 6) 

35 1 
(95 1) 

-22 1 
(-7.8) 

3 68 
(834) 

41 3 
(92 4) 

Record Hiah Record Low 

11 4 
(525) 

38 9 
(102 0) 

-17 2 
(1 0) 

63 2 
(24 9) 

4 30 
6 40) 

47 0 
(106 0) 

7 4  
(45 4) 

32 0 
(89 6) 

-32 3 
(-26 0) 

19 7 
(7 8) 

3 08 
(6 90) 

33 0 
(74 0) 

*SIX meters (20 feet) above ground 
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TABLE 2 Radoactinty and Nonradoactimty Detectlon Lrnits and Apphcable Standards 

Legend 

g = grams 

- 
KI = microcuries 
pg = micrograms 

rn’ = cubic meters 
ml = m a t e n  

pcl = pIcocurles 

SU = standard uruts 

RF = Rocky Flats 
40 CFR 61 = Code of Federal Regulations, Natlonal Emisaon 

ERDAMC = ERDA Manual Chapter (DOE adopted) 
Standards for Hazaxdous Au Pollutants (USEPA) 

NPDES = National Pollutant Ducharge Ehmatlon System mg/l= milligrams per Mer 

Parameter 

Stack Samples 

Plutonium-239. -240 
Uramum-233, 234, -238 
Tntium 
Berylhum 

Ambient AII Samples 

F’~U~OIUUI~-239, 240 

Effluent Water Samples, 
Ra&oactm 

H U ~ O I I I I I I ~ - ~ ~ ~ .  -240 
Umum-233,234.238 
Ammuurn-24 1 
Tnaum 

Sod Samples. &adtoocave 

PlUtOm~-239,  -240 

Effluent Water Sampla. 
Nonmboactlve 

PH 
Total Nitrogen 
Nitrate as N 
Total Phosphorus 
Ruonde 
Biochenual Oxygen Demand. 

Dusolvtd Oxygen 
Suspended Sohds 
Total Chronuum 
Rcsduai Chtomed 
011 and Grease 
Fecal Cohform Count 

5-Day 

Approximate 
DetecOon Approxlmrte 

Lunlt Sample Volume 
(per sample) Analyzeda 

l o x  lO-’pCi 3,200 m3b 
2 0 X  lO-’pCi 3,200 mIb 

1 0  x lo-’ 128 
2 5  X lo-‘ pCi 0 2 m 3  

I o x IO-’ PCI 10,000 mIC 

i o x  10-7rc1 ipoo ml 
2 0 x  io- ’& 1.000 ml 
l o x  1 0 - ’ r n  1.000 ml 
2 5  x IO4 pCi s m l  

Not Apphcable 
10 ml 
10 ml 
50 ml 
20 ml 

10 ml 
300 ml 
100 ml 

5ml 
10 mi 

500 ml 
10-100 ml 

Appromate Mmm\rn Apphcable 
Detectable Concentrabon Gludes and Standards Reference - 

0 03 X IO-” pCdml Not Apphcable Not Apphcable 
006 X Ki/ml  Not Apphcable Not Apphcable 

10,000 x IO-’’ pCdml Not Apphcable Not Apphcable 
8 X lo-‘ ug/m’ <IO 0 g/day 40 CFR 61 32(a) 

0 01 x lo-” rCl/ml <20 0 X lo-” ucdml ERDAMC 0524 

0 1 X IO-’ pCdmle <1,667 0 X lo-’ KucJml ERDAMC0524 
0 2  X IO-’ pC~/ml <10,000 0 X lo4 K4ml ERDAMC0524 
0 1 x LO-’ KdmP 4 . 3 3 0  0 x 10’’ Kdml ERDAMC0524 
0 5  X lo4 KCJml <l.OOOOx IO4 mml ERDMdC0524 

0 0 1  PCJg Not Apphcable Not Apphablc 

Duchune Lurutatlonr 
Monthly W Y  
AverPge M a m u m  

0-14 6 0 . 9 0 S U  NPDES Penrut 
04 mg/l 20 mg/l(30day avenge) NPDES Permtt 
0 3  mg/l 10 mg/l 20 mg/l NPDESPemt 
04 mg/I 8 mg/l Not Appliable NPDES P rmt 
0 3  mg/l Not Apphable 1 7 mg/l NPDESPermtt 

1 0  mg/l 10 mg/l 25 mg/l NPDESPernut 
10 mg/l >4 mg/l(muumum)>2 mg/l NPDESPermt 
2 0  m%l 15 mg/l 25 mg/l NPDESPnmrt 
0.05 mg/l 0 05 mg/l O l m g / l  NPDESpemUt 

4 1  mg/l Not A p p h b l e  Olmg/l NPDESPcmt 
0 1  mg/l Not Apphcable 10 mg/l NPDESPemt 

1 orgzaum/lOO ml 400 organums/lOO ml ( 7 day) NPDES Pnrmt 
200 orgaaumr/lOO ml(30 day) 

a Volume analyzed IS usually an aliqwted fncbon ot the total sample volume collected 
b Monthly compoate 
c Two-week composite 
d MoNtorcd at Pond B 4  
e A lowsr MDC is reported at selected locatlonr as b t c d  m Table 15 
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Isotopes 
Reported 

Pu-239 240 

U-233, 234 238 

Pu-239 240 

U 233, 234, 238 

H-3 
Pu-239, -240 

TABLE 3 Health and Enwonmental Laboratory Measurement Control Data 

(March-August 1978) 

Matnx 

Gelman E Fllter 

Gelman E Fllter 

Surface Wa&er 

Surface Water 

Surface Water 

Whatman Fdter 

Method 

Puke H e a t  Analysls 

Puke Height Analysls 

Pulse Height Analysis 

Pulse Height Analysl~ 

bquid Santdlahon 

Pulse Helght Analysu 

Average Standard 
Value 

12 4 d/m/fllter 

21 0 d/m/fiter 

5 9 d/m/I 

11 0 d/m/l 

2.23 x 104 p c ~ i  
13 9 d/m/filter 

Normal Sample 
Range 

0-20 d/m/fllter 

040  d/m/fiter 

0-20 d/m/l 

040  d/m/l 

0-1 x 10' p c ~ l  
0-20 d/m/fdtn 

a The ratlo of the standard dewboon of  the nx-month dtfferenccs to the armge standud value m percent, 
I e ,  observed value mmus standard value dmdcd by avenge standard value tnna 100 qUrL the nbo u 
expressed m percent The relahve e m r  for control meuurrments IS often called the coeffiucnt of 
vanation where the duperson of data (m thu case, the average M e n n c a  between m a s d  rad standard 
values) IS dinded by the average standard value subrmtted Thu tenn IS lndwave of aU mudom urd 
systcmahc error m the standards, analytlal chrmutry, and measurement proasses for a gmn nudrde, 
matnx, and procedure 

b The sxmonth avcrage bus m percent A mrnw slgn m Q a t a  a negauve bur, t e ,  the values w t ~ d  low 
No stgn mdicates a postive blas 

ReLabve 
Error (%la 

16 3 

14 1 

54 7 

19 1 

7 03 

8 7  

Total 
Blar Control 
(%)b AnalY SM -- 
3 9  7s 
0 1  25 

29 7 30 

8 6  30 
4 0  30 

5.0 24 
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Sample 
Penod 

January 

February 

March 

4pnl 

\lay 

June 

July 

August 

September 

October 

I November 
December 

Summary 

TABLE 5 krborne Effluent Releases to the Atmosphere 

Plutoniuma Uraruumb Tnbum 

Number Number Number 
o f  of of 

Analyses Cmaxd BCI ~naiyses  Cmxd p ~ i  ~nnlysa % a d  CI --- ----- . -  

125 
28 

27 
21 
1 7  

29 

3 1  

29 

31 

31 
28 
28 

44 1 

2 60 
136  

1 09 

150 
0 97 

1 0 4  
4 5 4  

1 4 3  

1 1 9  

246 43e 
8 76 

3.53 

246 43e 

0 26 
<o 10 

0 10 

0 23 
<O 13 

0 23 

<o 20 

0 19 

0 18 

<OS6 
0 37 
0 21 

Q 76 

144 

38 

36 
37 

36 

42 

45 

51 

43 

45 
44 

38 

599 

32 90 
4759  

6 93 
34 19 

I5  96 

7 3  20 

66 60 

46 63 

151 17 

156 00 
131 70 

4595 

156 00 

<3 32 

2 25 
2 23 
2 78 

3 61 

4 38 
5 06 

7 71 

<6 40 

5 14 
<726 

2 9 3  

<53 07 

168 
160 

143 

161 

158 

195 
200 

200 
201 

199 
213 

153 

2151 

a Radiochemically determmed as plutontum-239, -240 
b R a d o c h e m i d y  detennmed as uranrurn-233. -234, and -238 

c The berylhum e m w o n  standard for statronary sources u 10 grams over a 
24-hOur penod under the pronsions m subpart C o f  40 CFR 61.32(a) 

d C,, an the nngfesample maxunum conantntrom for the specla shown 
C,,, for plutonturn and uraruurn have u t s  of f e m t m u  per cubic meter 
C,, for tnbum has wts of picocunes pa cubic metcr 
Cmax for berylhum has untts of nanograms per cubic meter 

e The plutonium C,, for October IS based on a 6J-hour sample collection tune. the 
berylhum Cmax for February IS based on a 30 75410111 sample coUccUon tlrne versus 
a routme 720410111 samphg penod 

3130 
3850 

2740 

2680 
1350 

1250 

2 150 

1820 
800 

380 
750 

490 

3850 

<O 032 
<O 036 

<O 065 
<o 112 

<O 070 

<O 093 

<O 147 

<O 126 

4 075 

<O 063 
<O 075 

<o 047 

<O 941 

Berylhumc 

Number 
of 

~ y x j  Cmaxd g --- 
155 1 9 0  <0167 

38 52284' <15.575 

36 1 9 9  4 4 6 8  

37 187 <0207 

36 128 <O 173 

42 0 4 4  <O 116 
4s 1 4 1  <0236 

5 1  1 0 6  4 0 7 2  

43 2 4 5  ~ 0 1 8 7  

45 3 4 9  a 0 6 5  
44 5 9 5  4 127 

38 1 3 0  d 1 8 0  

610 52284c < I7573  



TABLE 6 Plutomum-239 and -240 Radtoactlmty 
m OnSite Ambient kr at Selected Locatloma 

Con&ntrrhonb 
(X lo-'* barnl) 

Number of Volume 
StaUon ~ n a l ~ s e s  (X 1,000 m3) Cmm Cmax Cavg 

s -2 21 340 0 0 1  0 1 7  0 0 5  
s -5 2 1  495 0 0 2  0 3 3  0 1 4  

S-6 27 5 16 0 0 3  198  0 2 6  

s 7  27 516 007 1 0 2  028 
S-8 26 479 0 1 3  3 5 2  0 6 9  

s9 27 466 0 0 7  2 1 3  0.86 

s-15 21 290 001 0 2 9  0 0 8  
S-16 21 347 0 0 1  0.68 010 

s-19 27 5 13 0 0 2  0 4 9  0 1 3  
s-20 27 456 0 0 2  0 2 5  0 0 9  

s-21 27 480 0 0 1  0 2 6  008  

- - -  

- Summary 278 4.898 001  3.52 

Percent 
of 

R C G , ~  

0 09 
0 23 

0 44 

0 46 

1 1 5  

1 4 3  

0 13 
0 17 

0 22 

0 15 

0 13 

a. These selected slrjsmphg locahons are in the proxtrmty of 
arms when there u a potential for airborne acawty No less 
than detectable concentrations wen measured 

b Twoweek composltcs of stahon conmtrahons 
c The Rmhoactmty Concentnuon Glude (RCG,) for soluble 

plutonium m ambient arr m uncontrolled areas IS 60 x IO-'* fiCdd 

23 



RFP-ENV-7 8 

TABLE 7 Plutomum-239 and -240 Radoactiwty in Penmeter Ambient k r  
[3 to 6 kdometers (2 to 4 mdes) from Rocky Flats] 

Concentrauon 
(X 10-" KJml) 

- Number of Less Than Volume Of 
Stahon Analyses Detectable (x 1,000 m') c~ %ax RcGa 

S-3 1 

S-32 

s-33 
s-34 

s-35 

S-36 

s-37 

S-38 

s-39 
S40 
s 4 1  

S42 
s43 
s 4 4  

17 0 

16 1 

17 1 

17 1 

17 1 

17 0 

17 0 

17 0 

16 0 
17 1 

17 1 

17 0 

17 1 

17 1 

411 
501 

477 

4 79 

513 

478 

530 

509 

433 
461 

449 

435 
442 

464 

---- 
001 0 1 9  0 0 7  035 

<001 024 <006 d 3 0  

<001 024 <006 4 3 0  

<001 027 <CO7 <035 

<001 0 2 2  <006 <030 

0 0 1  034 0 0 7  0 3 5  

0 0 1  0.21 0 0 6  030 
0 0 1  0 1 9  0 0 5  025 
001 0 2 8  007 0.35 

d o 1  0.39 C O O 7  4 3 5  
4 0 1  040 4 0 7  <035 

0.02 0 2 2  0 0 6  0 3 0  

<0.01 0 3 3  <006 4 3 0  

4 0 1  034 COO6 4 3 0  

Summary 236 8 6382 4 0 1  0 4 0  

Average Concentrahon COO6 4 3 0  

*The RaLoactmty Conantratlon Crude (RCG,) for soluble plutolllum m 
ambient au avlulable to the general populahon IS 20 X lo-'' 
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Locatlon 

TABLE 8 Plutoruum-239 and -240 Radioactlnty m Commuruty Ambient IQlr 

Boulder 

Broom field 

Denver 

Golden 

Jeffco Alrport 

Lafayette 

Leyden 

MZshpll 

Supenor 

wa@ler 

Walnut Creek 

Wesinllnsier 

Summary 

Avenge 
Conantmhon 

Number 
Concentration (x 1 ~ ' '  pCJml) - of Less Than Volume 

Analyses 

17 

17 

15 

17 

17 

17 

17 

17 

17 

17 

17 

16 

20 1 

Detectable 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

2 

490 

46 7 

356 

46 2 

456 

475 

482 

459 

437 

496 

491 

420 

5,491 

Cmln 

0 01 

<o 01 

0 01 

0 01 

0 01 

0 02 

0 01 

0 01 

0 01 

<o 01 

0 02 

0 01 

<o 01 

%ax - 
0 33 

024  

0 15 

0 16 

0 39 

0 31 

o i a  

0 30 

0 20 

024 

0 43 

0 11 

0 43 

"avg - 
0 07 

<O 06 

0 05 

0 05 

0 07 

0 07 

006 

0 07 

0 07 

<O 06 

0 07 

004 

<O 06 

Perant 
of 

RCG,. 

0 35 

<O 30 

025  

0 25 

0 35 

0 3 5  

0 30 

0 35 

0 35 

<O 30 

0 35 

0 20 

<O 30 

The Rad~oactrnty Conantrabon Gulde (RCG,) for soluble plutomum m m b m t  .u available to 
the general population u 20 x IO-'' g d d  
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TABLE 9 Chemical and Biologcal Constituents of  Liquid Effluents 

Parameter 

Annual 
Average 

Concentratlon 

Discharge Point 001 

PH 
I ccal Coliform Count 

Dissolved Oxygen 

Residual Chlorine 

Suspended Solids 

Riochemic-J Oxygen Demand 5 day 

Total i'hosphorus 

Nitrate as N 

Total Nitrogen 

l-luoride 

Total Chromium 

011 and Grease 

Turbidity 

Color 

Discharge Pomt 002 

PH 
Nitrate as N 

Dtrcharg Point 003 

Nitrate as N 

To tal Dissolved Solids 

PH 
Chemical Oxygen Demand 

7 1  s u  

0 1/100 rnl 
6 a mg/l 

< O  1 mg/l 

< 5 1 mg/l 

< 7  1 mgfi 

2 0 mg/l 

<6 2 mgjl 

<I2 9 mg/l 

< 0 4  mgjl 

<O 05 mg/l 

<OS mg/l 

3 8  NTUe 

28 2 units 

7 8  s u  

<60 mg/l 

< 0 2  mg/l 

205 mg/l 

a i  s u  
16 3 mg/l 

Average 
Quanaty 

N A ~  

NA 

NA 

NA 

<2 9 kg/day 

<4 5 kg/day 

NA 

NA 

<7 1 kg/day 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Limitations 
(dady maxrmum) 

60-90  s u  

200/100 ,Id 

>4 mg/l 

0 1 mg/l 

25 mg/l 

25 mg/l 

8 mg/ld 

NA 

20 m& 

1 7  mg/l 

0 05 mgjl 
10 mgjl 

30 NI'U 

30 umts 

6 0 - 9 0  s u  

10 m& 

NA 

NA 

NA 

NA 

Agencya 

USEPAICDH 

USEPAICDH 

USEPAICDH 

USEPAICDH 

USEPAICDH 

USEPAICDH 

USEPA/CDH 

NA 

USEPA/CDH 

USEPAlCDH 

USEPAlCDH 

USEPAKDH 

CDH 

CDH 

USEPA/CDH 

USEPA/CDH 

USEPA/CDH 

USEPA/CDH 

USEPAKDH 

USEPAICDH 

Percent 
of 

Lmitatlons 

In Range 

In Range 

In Range 

In Range 

20 

28 
25 

NA 

64 
24 

In Range 

5 
In Range 

In Range 

In Range 
60 

NA 

NA 

NA 

NA 

a. USEPA - U S Environmental Protectlon Agency, Waslungton. D C (Regon Office VIII, Denver. Colorado) 
CDH -Colorado Department of Health, Water Q u l t y  Control Commimon. Denver. Colorado 

b The USEPA-NPDW discharge permit defines Discharge Pomts 001,002, and 003 as the sewage treatment 
plant, Pond A-3, and Pond C-1. respectlvely 

c NA - Not applicable 
d. Monthly average Imitations 
e NTU - Nepholometer turbidity unit 
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TABLE 10 Plutoruurn, Uraruum, and Amenciurn Radioactivity m Rocky flats Ponds 

Uraruum Conantrahon 
Percent Plutonrum Conanmaon 

Percent Number (x l(r' pCi/ml) 
nf nf Of NUlllbCf (X 1W* rCJml) 

Pond B.4 52 <o 1 2 4  <06 <OW 52 0 6  1 7 9  5 8  006 

Pond C-1 52 <o 1 0 5  < 0 1  <001 52 < 0 2  7 9  2 5  0 02 

hnenaum Conantrabon Perant 

of (x 10- r a d )  Number 
of 

W= Gun %ax cavg R C G '  - - -  - -  k a o n  

Pond A-3 35 <o 1 0 4  <01  <001 

Pond B-4 52 <o 1 0.5 < 0 2  <002 

< 0 1  < O O l  Pond C- 1 52 <o 1 0 2  

a. Rad~ochemlaiiy dctennmed as pluto~~r~rn-239. -240 The RAolctmty Conantmaon Gwde 
(Raw) for dub& plummn m water IS 1,667 x 10-' rCdml. 

b Rdiorbermclny detcmuned u u~nun-233, -234. d -238 The most rutncbve R C G ,  for these 

c l l m  RCG, for &Me m e a a ~ m - 2 4 1  IS 1,330 X 1 0 3  r C i / d  
*bit UriMIDl mtopcr L 14Ooo x 10-' rCi/ml. 

Pond B 4  52 4 0 0  1400 <800 

Pmd C-1 52 <500 lo00 <700 

Walnut Creek it Indunr Strwt 52 4 0 0  1400 <900 

G m t  Wutssn R m u b  44 4 0 0  1500 <7w 

strndley Wrsb 53 <so0 1300 <700c 
\ 

* I 

a. The Rad~oactmty Conantmaon CUI& (RCG,) for tdum rn water relaacd 
to uncontrolled areas w l.OOO,OOO X 10-' rCJmL 

b The State of Colorado h p r y  DM- Water Regdabon h i t  for tnbum 
u 20.000 pCfl(20.000 x 1W' fiCCJml) 

c Ther tnbum conantrabons am let, than 3 5% of the dnnlung water rayktIon 

Perant 
of 

RCG,' 

<o 09 

<o 08 

<O 07 

<o 09 

<O 07 

<O 07 
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TABLE 12 Plutonium, Uranium, and Amencium Radioactivity m Walnut Creek 

Plutonium COnCefltraQOfl U m u m  Conantra(lon 

of of of of 
Percent Number (X lo-* &/ml)P Percent 

Analyses %UI %ex RCGwb 

Number (x lo-' rCi/ml) 

- - - - -  Cavg RCGwa - -  Locatlon Analyses cmm cmax - - -  
Walnut 52 <o 1 07 < 0 2  <001 52 1 4  1 7 6  5 8  OM 
Creek at 
Indiana 
Street 

Amenuum Concentration 

of of 
Number (x 103 ucdml) Perant 

Cavg RCGwC - -  LocaQon Analyses cmm %ax 

walnut 5 2  <o 1 0 2  < 0 1  < O O l  
Creek at 
Indwa 
Street 

- - -  

a Radiochemically determined as plutonium-239. -240 me Rad~oactmty Concentration Crude (RCC;,) 
for soluble plutonium III water 1~ 1,667 X 10-• PCdmL 

b Radiochemdy determined as unnnrm-233, -234. and -238 ?he mort restnctme R a w  for t h e  
soluble uraruum lsotopcs IS 10,000 X lo-' rCi/mL 

c The RCG, for soluble amencmm-241 m water IS 1,330 X 1 0 3  mmL 

TABLE 13 Urmum Ra&oactmty 111 the Rocky Flats Raw and Treated Water Supply 

Conantratlon (X lo-' pcvrd). 

Locahon Number of Sampks - %In - %ax & 
Raw Water 39 0 6  6 1  8 6 8  

Treated Water 38  0 1  61 7 6 2  

NOTE Results arc for weckly samp&r cdlect.d from Max41 through December 1978 

a ConcentraUons arc for unnlum-233, -234, and -238 
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TABLE 14 Plutomum Uramurn, Amencturn, and Tntlum Radioactlmty in Hydrologc Test Holes 

Locatron 
Number 

59-1 
160 
2 6 0  
3 6 0  
4 6 0  
540 
6 6 0  
1 6 6  
2 6 6  
3 6 6  
1 4 8  
2 6 8  
3 6 8  
4 6 8  
1-71 
2-7 1 
3-7 1 
4-7 1 
5-71 
6-7 1 
1-74 
2-74 
3-74 
4-74 
5-74 
6-74 
7 -74 
8-74 
9-74 

10-74 
11-74 
12-74 
13-74 
14-74 
15-74 
16-74 
17-74 
18-74 
21-74 
22-74 

WS-1 
ws-2 
ws -3 

9 e P h  
(feet$ - 

20 
23 
30 
30 
30 
30 
30 

148 
146 
153 

4 
4 
4 
4 

30 
30 
25 
22 
28 
30 
24 
10 
24 

6 
18 
7 

50 
40 
19 
10 
20 

4 
19 
4 

19 
4 

16 
7 

265 
3 IS 

13 
11 
13 

mutonium Copcentrahona 
(x IO-‘ dNml) 

March July 

N A ~  <o 1 
NA <o 1 

<o 1 <o 1 
NA <o 1 

<o 1 <o 1 
dry dry 

<o 1 4 1  
<o 1 <o 1 
<o 1 <o 1 

NA <o 1 
dry dry 
dry dry 
dry dry 
dry dry 
114 0 171  
NA dry 
NA 0225 
NA <o 1 
NA dry 

<o 1 4 1  
dry 4 1  
dry dry 
dry <o 1 
drsr dry 
dry dry 
dry dry 
NA 4 1  
dry dry 

<o 1 <o 1 
dry dry 

<o 1 <o 1 
dry dry 

<o 1 4 1  
dry dry 
0 135 4 1  
dry dry 

<o 1 4 1  
NA dry 

<o 1 <o 1 
4 1  4 1  
dry 4 1  
dry 4 1  
NA 4 1  

Urmum Concen trahonb 
(X pCJrnl) 

JUlS - March - 
NA 2 3  
NA 26 9 
14 9 11  1 
NA 5 a  

26 8 14.8 
dry dry 
3 9  4 2  
15 0 5  
1 3  0 3  

NA 2 8  
dry dry 
dry dry 
diy dry 
dry dry 
2 1  0 9  
NA dry 
NA i a  
NA 1 0  
NA dry 

2 3 5  2 3  
dry 3 5  
dw dry 
dry 2 5  
dry dry 
dry dry 
dry dry 
NA 3 1 2  
dry dry 

44 4 20 7 
dry dry 
2 2  1 3  

dry dry 
7 7  6 3  

dry h Y  
15 0 1 2 5  
dry dry 
13 2 17 9 

NA dry 
15 1 4  
3 5  3 3  

dry 1 4  
dry 4 7  
NA 2 9  

Amencium Concentrahonc 
(X IO-’ pCCJrnl) 

Tnhurn Concentrahon 
(X lo-’ pCdml) 

~ 

Marcn 

NA 
NA 

<o 1 
NA 

<o 1 
dry 

<u 1 
<o 1 
<o 1 

NA 
dry 
dry 
dry 
dry 

<o 1 
NA 
NA 
NA 
NA 

<o 1 
dry 
dry 
dry 
dry 
dry 
dry 
NA 
dry 

<o 1 
dry 

<o 1 
dry 

<o 1 
dry 

<o 1 
dry 

<o 1 
NA 
0 109 

<o 1 
dry 
dry 
NA 

JuIy 

<o 1 

<o 1 
<o 1 
<o 1 
dry 

4 1  
<o 1 
<o 1 
<o 1 

dry 
dry 
dry 
dry 

<o 1 
dry 

<o 1 
<o 1 

dry 
<o 1 
<o 1 
dry 

<o 1 
dry 
dry 
dry 

4 1  
dry 

<o 1 
dry 

<o 1 
dry 

<o 1 
dry 

<o 1 
dry 
0 126 
dry 

<o 1 
<o 1 
<o 1 
<o 1 
<o 1 

0 95 

March July 

NA 1200 
NA 1,312 
626 2,285 

NA 1,409 
15,526 8,812 

dry dry 
3574 3.755 

701 M D A ~  
896 1.066 

NA 1,003 
dry dry 
dry dry 
dry dry 
dry h Y  

MDA MDA 
NA dry 
NA MDA 
NA MDA 
NA dry 
NA 3943 
dry 74 1 
dry dry 
dry MDA 
dry dry 
dry dry 
dry dry 

NA hiDA 
dry dry 

MDA 952 
dn dry 

MDA 787 
dry drp 

MDA 580 
dry dry 
2.796 627 
dry dry 

MDA 1991 
NA dry 

MDA MDA 
MDA MDA 
dry 1.097 
dry 861 
NA MDA 

- 

a. Radmchemlcally detennmed as plutonnun-239. -240 
b Radmchemlcally detemmed as urannrm-233. -234, -238 
c. Ralochernlally determmed as amenawn-241 
d Depth IS to bottom of well 
c NA - Not Analyzed 
f. MDA - MINIIWRI  Detectabk Actrv~ty 
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Reservoirs 

Great Western 

Standley Lake 

Drmklng Water 

Arvada 
Boulder 

Broom field 

Denver 
Golden 
La faye tte 
Louisvrtie 
Thornton 
Westminster 

T A B L E  15 

Number 
of 

Analyses 

1 gd 
6e 

26d 
6e 

4 
26d 
6e 

26d 
6e 
4 
4 
4 
4 
4 

26d 
6e 

a Radiochemicallv 

Plutonium, Uranium, and Americium Radioactivity in Public Water Supplies 

Plutonium Concen tratlon Perccn t 
(X lo-’ rCi/ml) of c,,g- RCGwa 

<o 1 0 2  
< 0 0 0 7  < 0 0 2 0  

<o 1 <01  
<0007 < 0 0 1 8  

< 0 1  < 0 1  
<o 1 0 2  
<0007 < 0 0 2 0  
<01  <01 
<0007 <001S 
< 0 1  <01 
<01  < 0 1  
<01 <01 
<o 1 <o 1 
< 0 1  < 0 1  
<o 1 0 3  
<ooo7 0 0 2 8  

Reselvoin 

Great Western 

S tandley Lake 

Dnnkvlg Water 

Arvada 
Boulder 

Broom field 

Denver 
Golden 
Lafaye tte 
L o u t d e  
Thornton 
Westmmster 

< 0 1  <001 
< 0 0 1 2  < 0 0 1  

<o 1 <001 
< 0 0 1 1  <001 

<01 <001 
< 0 1  < 0 0 1  
< 0 0 1 1  < 0 0 1  
<01 < 0 0 1  
<0010 < 0 0 1  
<01 <001 
< 0 1  < 0 0 1  
<01 < 0 0 1  
<o 1 <001 
<01 < 0 0 1  
<01  <001 
<0014 < 0 0 1  

Number Uranium Concentratton 
of (X rCi/ml) - - 

Analyses 

44 0 9  
- - 

53 1 0  - - 

4 0 7  
5 3, <o 2 

53 <o 2 

4 1 8  
4 1 6  
4 0 3  
4 <o 2 
4 0 6  

53 <o 2 

- - 

- - 

- - 

Number Americium Concentratton Percent 
of of 

%ax 

9 6  

- 
- 

32 3 
c 

21 7 
6 9  

6 1  

5 6  
8 2  
1 7  

6 9  
10 0 

- 
- 

2 8  

- 

1 ad 
6e 

26d 
6e 

4 
26d 

6e 
26d 
6e 
4 
4 
4 
4 
4 

26d 
6c 

<o 1 
<o 010 

<o 1 
co 009 

<o 1 
<o 1 
<o 009 
<o 1 
<o 010 
<o 1 
<o 1 
<o 1 
<o 1 
<o 1 
co 1 
co 010 

:tenntned as plutonium-239, -240 The Radioactnn 

02 <01 c o o 1  
<0018 < 0 0 1 3  COO1 

0 2  < 0 1  <001 
<0019 COO13 < 0 0 1  

<o 1 
0 4  

co 012 
co 1 
<o 015 
<o 1 
<o 1 
<o 1 
<o 1 
<o 1 

0 4  
0 030 

<o 1 
<o 1 
co 011 
<o 1 
<o 012 
<o 1 
<o 1 
<o 1 
<o 1 
<o 1 
<o 1 
<o 015 

f Conantratron Guide 
(RCG,) for soluble plutonium m water IS 1.667 x lo-’ pCdmi 

b Radiochemically detemmed as uran1um~233, -234. -238. The most mstnctm RCC, for these 
d u b l e  uraruum lcotopes IS 10.000 X lo-’ pCi/ml 

c The RCG, for soluble amencium-241 IS 1,330 X lo-’ pCi/ml 
d These weekly grab samples wen collected and analyzed from January through June The 

minmum detectable acttvity was 0 1 pCii  (0 1 X 10-’ fiCl/ml) 
e. These monthly composite samples wen collected and analyzed from July through December 

The mmunum detectable actlnty for each sample IS denoted by a less-than q n  (<) pmading 
the values 

<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 
<o 01 

3 2  
- 

5 2  - 

6 1  
<11 

< 1 9  

2 8  
3 9  

10 
3 1  
2 7  

- 

- 

o a  

- 

Percent 
of 

RCGwb 

0 03  

- 
- 

0 os - 

0 06 
co 01 

<o 02 

0 03 
004 
0 01 

/a 01 
0 03 

<O 03 

- 
- 

- 

30 



RFP-ENV-78 

TABLE 16 Plutonium, Uranium, and Arnencium Radioactivity in 
Regonal Waters Greater Than Five Mdes From Rocky Flats Plant 

Concentration (X IO-’uCdd) 

site Locatlona nu  tonlumb UraniumC Arnenciumd Tntium 

Coal Creek 

Nissen Reservou No 2 

Lower Church Lake 

L o u i d e  Reservou 

Long Lake 

Near Eldorado Spnngs 

Eastlake Reservou No 3 

Sloans Lake 

Rocky Mountam Lake 

Berkeley Lake 

Denver City Park Lake 

Baller Lake 

Clear Creek 

McKay Lake 

Washmgton Park, North Wce 

steams Lake 

Average Concentratlon 

Mfflunum Concentrahon 

Maxunum Concentrahoo 

5 0, SE 

8 4, NE 

7 l . E  

a 2, N 

6 4. SW 

6 2,” 

15 l , E  

14 4, SE 

13 3, SE 

12 4, SE 

19 1, SE 

35 0. SE 

11 1 , s  

12 0. NE 

20 4 ,  SE 

6 9 , N E  

<o 1 

0 1  

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

1 7  

1 4  

3 3  

0 5  

3 25 

0 6  

3 6  

1 0  

1 8  

5 0  

3 a  

23 

1 4  

1 0  

3 8  

0 8  

25 3 

0 5  

3 25 

z Data represents dutnnce (m m h s )  and duechon from the Rocky Flats 
b Radmchemically determmed as plutonrum-239. -240 
c Radiochemically determined as urmum-233, 234, -238 
d Radmchemdy determmed as amenaum-241 
e NA-notanalyzed 

Plant 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

NAe 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

<o 1 

600 

7 00 

900 

900 

600 

900 

700 

700 

700 

600 

600 

600 

700 

700 

900 

800 

700 

6 00 

9 00 
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TABLE I7 Enwonmental Themohmmescent Dosmeter Measurements 

Locatlon Number of  Measurements Annual Dose (mrcm*L 

17 On Site 126 131 t37  

16 Peruneter 123 124 i 3 0  

12 Commurutles a4 131 t 3 0  

* The enor term repreants two standard denahonr 
about the mean value 

TABLE 18 Dose Converson Factors for the 70-Year Dose 
Commitment From One Year of Chromc Intake, Via Alr and W a t d  

Dose Converson Factors c 
Au Factorb Water Facto6 

Organ PU-239, -240 PU-239, -240 u-233, -234, -238 h - 2 4  1 H-3 

Total Body 2 724 x 10' 8 66 X IO-' 4 5 3 x  10-4 a a 4 x  IO-* 7 33 X lr' 
Liver 3 165 X 10' 1 0  (e) 103 X 10' (e) 

Bone 7 9 1 9 x  10' 2.5 1 3 22 X 10-' X48X 10' (e) 

Lungs 1 9 9 9 x  IOSd (e) (e) (e) (e) 

~ 

a. 

b 

C. 

d 
e 

These factors are taken from the Rocky Flats Plant Enwonmental Impact 
Statement (to be published) 
For 0 3 prn AMAD (Achnty M&an Aerodynamic Diameter), mhdahon 
rate of 2 66 X lo4 m'/s for chronic exposure " 
For lntake rate of 1 65 liters (1 75 quarts) per day 
Assumed to be Class Y solubility 
The values for the conycrson factor am taken to be equal to that for the 
total body 
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Site Boundarya 
(rnaxunum) 

RF P-CNV-7 8 I 

TABLE 19 Radioactivity Concentrations Used for 1978 Dose Calculations 

Au  @Ci/rnI) Water (pCi/ml) 

Pu-239, -240 Ri-239, 240 Am-241 u-233 234, 238 H 3  

0 07 x <o 2 x lo-’ <o 1 x lo-’ 5 8 X IO-’ <goox i n - 9  

Site Boundaryb <o 02 x 10-13  <o 2 x 10-9  <o I x 0 

Cornrnunityb <o 02 x 1o-’J <o 02 x  IO-^ <002x 10-9  0 

(maximum probable) 

(rnaxlmurn probable) 

<loo x 1w4 

0 

a. These concentrauons mclude natural radioactmty, ra&oacavity from fallout, and 
some radioacanty of Plant ongm. they represent maxunum condibons 

b These concentraoons are adjusted to mitlgatc known concentraaons that are not 
of Rocky Flats o w  and represent a reasonable set of values for maxunum probable 
dose calculations 
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TABLt  20 Dcnver-Area Dose From Natural Radiation Backgrounda 

Source 

(ni rem/y r) 

Total Bodyb Liverb 

Cosmic Radidtlon 

Cosmogenic 
Radionuclides 

External Terrestnal 

Inhaled Radionuclides 

Radionuclides in the 
Body 

Total for One Year 

Total for 70 Years 

so 

0 7  

72 

27 

149 7 

10480 

50 

0 7  

72 

27 

149 7 

10480 

a The values in this table are a summary of  values 
derived from Reference 1 

b The values for the total body and liver are considered 
to be the same as the values reported for the gonads 
m Reference 1 

Bone Lungs 

so 

0 8  

57 

60 

167 8 

11750 

50 

0 7  

72 

100 

24 

246 I 

17270 

Site Boundary 
(maxmum) 

TABLE 21 70-Year Dose Commitment 
(milhrem) 

Liver Bone Lunp - - Total Body 

<o os <148 <3 70 0 49 

Site Boundary <o 02 <O 96 <2 31 <O 14 
(maxmum probable) 

Community <O 003 <o 34 <O 83 <O 13 
(maxmum probable) 

80 Klometera <O 003 <O 34 <o 83 <O 13 

a Dose commitment is assumed to be the same as that calculated at community 
locations No environmental measurements were made to thu d u t v l u  (SO miles) 
Due to the additional dutance, lower dose commitments can be assumed 
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ILLUSTRA? 10x5 

(Figure5 1 through 13) 

FIGURE 1 Location of the Rocky Flats Plant and Surrounding Communities 
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FIGURE 3 Holdmg Ponds and Liquid Effluent Watercourses 

NORTH WALNUT CREEK N 

GREAT WESTERN t 
ROCKY FLATS 

WOMAN CREEK 
FLOW- 

(not to scale) 
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Wmd rose senror height 20' 

A * frequency for a 
directlon I % )  

B = average velocity (rnph) 
for a directlon from 
which the wmd blow 

0 = variable dtrectlon (%) 

I 20 30 40 
0 

I I 
Scale for Length of Wmd Frequency Lines 

10 
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FIGURE 5 Location of On-Site Ambient Air Samplers 

Legend Pond A-1 - Pond A 2 

Analyzed for TLLa only 

Analyzed for T L L a  and Pu S 24 

s-3 
s-4 

,L 
-1 

>C 

ms.12 

s-11 

S-23 
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FIGURE 6 Location of Off-Site Ambient Alr Samplers 

Legend 

A Air Samplers, 3 to 6 kilometers (2 to 4 miles) distance 

Communiw Air Samplers 

\ 
WESTM 1 NSTE R 

I 

DENVER 

e 
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FIGURE 7 Plutoruum-239 and -240 Concentrabon Data at Penmeter and Commmty Locahons Dunng 1978 

0.2: 

0 2( 

0 1€ 

0.12 X 

0.08 

0.06 

0.04 

0.02 

0 

Legend 

A Monthly averages at penmeter locaeons 

0 Monthly averager at commumty locations 

1 1 1 1 1 1 1 1 1 1 1 

J F M A M J J A 5 0 N c 
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I IGtlRF 9 Location of Hydrologic Test tlolcs 

L c x n d  

Tcct holc dcpth prcatcr than 100 tcct 
A rcst hole depth ICSS th in 50 fcct 

- 
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4 0  

3.5 

3 0  

25 

ul 

I z 
E 20 
X 

'' 
0 a 

- 

1 5  

1 0  

0.5 

0 

FIGURE 8 Total Long-Lwed Beta Activity Dunng 1978 
(Data from Colorado Department of Health) 

I I 1 I I 1 I 1 I I I 
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FIGURE 10 Plutonium Concentrahons in Off-Site Sods Dunng 1978 
[Units are picocunes per gram of less than 2-mm s z e  fraction 
Concentrations are mmmum-maximum (median) ] 

BOULDER CWNpl 

JEFFERSON COUNTY 

004-0 1 (004) 

0 04-1 4 (0 5) 

UNITED STATES G€F?IRTMENT OF ENEffiY - KICKY FLATS P U N T  
0 04-0 09 (0 09) I 

0 04-0 09 (0 04) c 004-1 1 (041 ? 

\ -  I I 
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FIGURE 11 Plutonium Concentrations in Rocky Flats Soils During 1978 
(Values are in picocuries per gram ) 

0 0 5  1 

MILES 
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FIGURE 12 Locations of Sod Removal Operations 
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