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ROCKY FLATS TRANSURANICS AND RISK ESTIMATES

To assist the Lamm~Wirth Task Force on Rocky Flats in its assessment of the
consequences of plant operations, the Occupational and Radiological Health
Division, Colorado Department of Health has prepared this document. The
Division wishes to express its eppreciation for constructive draft reviews
of this effort by the U.S. Envirommental Protection Agency, Standards and
Criteria Branch, Office of Radiation Programs, and the various groups and
contractors of the U.S. Energy Research and Development Administration.

This information is based on a considerable volume of the best available data.
It is hoped that it will place in perspective the health consequences estimated
on the basis of observed environmental data for 1970 through 1973.

A nomenclature section is provided to clarify terms used in this paper.

AIR

The Colorado Department of Health (CDH) air sampling station D-3 is located
onsite to the east of location identified as the "11p and on "highly" con-
taminated soil (approximately 2,000 dpm/g or 10 uCi/m? ) and has an overall
average (1970-73) air concentration of 0.00604 pCi Pu239+240/m . CDH station
D-5 is located at Indiana Street near Woman Creek and is associated with a
soil Pu239+240 concentration of approximately Q0 dpm/g or 0.1 uCi/m%. The
overall average air concentration (1970-73), adjusted by subtracting the air
concentration of 0.00008 pCi Pu239+240/m3 which CDH has 1dentrf1ed as due to
world-wide fallout during that time, is 0.00005 pCi Pu239+240/m3.

The resusPension terms or factors for both locations, calculated from the
above data, approximate 1 x 10‘9/m. The Health and Safety Laboratory (HASL)
of the U.S. Energy Research and Development Administration (ERDA) has identified
the same resuspension term (Volchok 1971); however, by the use of -a different
soil sampling technique (sticky paper) identified a resuspension term a
thousand times greater (1 x 10-6 /m). Wind and local disturbances resuspend
so0il deeper than the very topmost soil particles, which would adhere to
sticky paper, and thereby dilute the higher contaminated topmost layer.*

U.S. Environmental Protection Agency (EPA) suggests the use of a resuspension
term of 1 x 10~/ /m. This would adjust for the quiescent location observation
at D-5 from 1 x 10~9/m to a value applicable to conditions where local dis-
turbances were routine and of high frequency.

The air concentration observed at D-5 can be used to calculate the worst case
risk estimates associated with habitation of a locale contaminated to an undis-
turbed surface soil level of 2.0 dpm/g. CDH D-5 is associated with a soil
concentration of 20 dpm/g, while the State plutonium-in-soil standard is

2.0 dpm/g. Agricultural plowing of the soil reduces the surface soil concen-
tration by a factor of approximately 10, and the "worst case" resuspension
term of 107 /m is a factor of 100 greater than observed at D-5 (or

20 dpm/g x 1 x 1079/m = 2 dpm/g x 1740 plowing factor x 1 x 10~7/m).

*WASH-1537, Liquid Metal Fast Breeder Reactor Program, Proposed Final
Environmental Statement (LMFBR-PFES), ERDA, December 1974, Volume II,
Appendix G, Pages 19-23 has an interesting discussion of resuspension.
Section 4 of this document and the attendant appendices are appropriate
to the Rocky Flats situationm.
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To determine a risk estimate or health consequence of breathing the suspended
materials, the EPA uses a factor of 12 rem/year to the lung per pCi Pu239+240/m3 s
a 70 year period* and an estimate of 40 excess deaths/million man-rem over a 70
year period. The resultant estimated risk, using the air concentration observed
at D~5 is:

{0.00005 pCi/m3 x 12 rem/year/pCi/m3 x 70 years x 40 estimated
excess deaths/million man-rem} = 1.68 estimated excess lung
cancer deaths/million population over a 70 year period. This
estimate is based on the ICRP-TGLM identified below.

ERDA is using two models for estimating excess lung cancer deaths. The first

1s based on the International Commission on Radiation Protection (ICRP) Report {2
and the second on the ICRP Task Group Lung Model (TGLM). ICRP #2 separates
compounds into two categories, soluble and insoluble, without much discussion.

In this model, insoluble plutonium has a biological half life (T ) of 1 year and
the lung mass is 1,000 grams. ICRP~TGLM addresses three classes of compounds
based on clearance rates. Class D consists of compounds which are removed from
the lung over a period of days. No plutonium or americium compounds fall in
this class. Class W compounds are removed from the lungs over a period of weeks
and Class Y compounds, over a period of years. The lung mass used in this model
is 570 grams. Both ERDA and EPA use a particle size of 0.3 um activity median
diameter (AMD) for lung dose calculations.

To determine the risk estimate of breathing the suspended materials containing
Pu239, ERDA uses a factor of 177 rem/uCi inhaled (ICRP #2 insoluble basls) and
863 rem/uC1 inhaled (TGLM Class Y basis). Using 70 vears®, 7,300 m /yea1 inhaled
and 40 (15~-110) estimated excess lung cancer deaths/million man-rem over 70 years,
the following risk estimates are calculated:

{0.00005 pCi/m3 x 1 x 10~° uCi/pCi x 7,300 m3 inhaled/year x 70
years x 177 rem/uCi inhaled x 40 estimated excess lung cancer
deaths/million man-rem over 70 years} = 0.18 estimates excess

lung cancer deaths/million population over a 70 year period
(using ICRP {2);

and,

£0.00005 pCi/m3 x 1 x 10-6 uCi/pCi x 7,300 m3 inhaled/year x 70
years X 863 rem/uCi Pu239 inhaled x 40 estimated excess lung
cancer deaths/million man-rem over 70 years} = 0.88 estimated
excess lung cancer deaths/million population over a 70 year
period (using TGLM).

Pu24l is essentially a factor of 10 greater than Pu239 in Rocky Flats plutonium,
and the dose for Pu24l + Am241 is 2 rem/uCi Pu24l inhaled; therefore, the dose-
risk estimates for it and its daughter, Am24]l, would be an approximate factor of
40 less than those calculated for Pu239+240 observed. Risk estimates for lung
cancer from the Pu238 present in Rocky Flats plutonium would apprcximate a factor
of 30 less than those estimated for Pu239+240.

*¥70 years is used as an appropriate life~time exposure.

See Appendix A for dose conversion term calculation method.
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TABLE I

CLASS Y COMPOUNDS

Estimated Excess Lung Cancer Risks/lO6 Population Exposed
based on 0.00005 pCi/m3 (Pu239+240) over a 70 year period.

EPA (TGLM) 1.68 Pu239+4240
0.04 Pu24l + Anm241
0.06 Pu238
Total 1.78
ERDA (TGLM) 0.88 Pu239+240
0.02 Pu24l + Am241
0.03 Pu238
Total 0.93

When materials are inhaled and translocated to other organs, health
consequences for other organs must be calculated. This is particularly
true of the Class W compounds.

ERDA modeling for Class W compounds uses dose conversion terms of
3,300 and 1,300 rems, respectively, per uCi Pu239+240 inhaled for bone and
liver. Respective dose-risk conversion factors are 6 (2-17) estimated
excess bone and 2 (1-5) estimated excess liver cancer deaths/million popu-
lation per rem.

TABLE II '

CLASS W COMPOUNDS

Estimated Exgess Cancer Risks/lO6 Population Exposed based
on 0.00005 pCi/m~ (Pu239+240) over a 70 year period.

ERDA (TGLM)
Bone cancer 0.51
Liver cancer 0.07

ERDA is also using a factor of 46 rem to the gonads over 30 years* per
uCi Pu239+240 inhaled, and both ERDA and EPA use the same bio-effects
conversion terms, identified below, for estimating maximum genetic risks at
equilibrium.

Specific defects 30—300/106/rem
Complex defects 6-600/10%/rem

*30 years is used as the time appropriate for acquisition of an organ burden
(gonads) and reproductive processes.
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Therefore, the estimates of the maximum number of genetic defects
which might appear in the exposed population and all future generations
from the inhalation of Class W compounds at a concentration 0.00005 pCi/m3
(Pu239+240) over 30 years are:

TABLE III

Estimated Maximum Genetic Risks/lO6 Population Exposed
based on 0.00005 pCi/rn3 (Pu239+240) 30 years exposure.

Specific defects 0.02 - 0.20 (all generations)
Complex defects 0.003 - 0.30 (all generations)

Contribution to the estimated risks by Pu24l + Am241 again approximate
a factor of 40 less than those stated for Pu239+240 and the estimates for
Pu238 are a factor of 30 less than those identified for Pu239+240. Dose
and risk estimates based on the intake of radioactivity through the ter-
restrial food chain are unsignificant when compared to the risk estimates
associated with inhalation and are not considered here.

The National Academy of Sciences, Biological Effects of Ionizing
Radiations (BEIR) report, under genetic risk estimates, recommends that
natural background radiation be used s a standard for comparison. "If
the genetically significant exposure is kept well below this amount
(natural background), we are assured that the additional consequences will
neither differ in kind from those which we have experienced throughout
human history nor exceed them in quantity."

The annual average background for Colorado is 0.2 rem/year although
some areas which are highly mineralized will have levels half again as
high (0.3 rem/year). The Rocky Flats environs has a higher than average
background. For use here, 0.2 rem/year is assumed as the annual average
background genetic significant dose.

Using a 0.2 rem/year natural background genetic significant dose with
EPA's 200 estimated excess deaths/year/10® man-rem annual exposure and 200
estimated excess non-fatal cancers/year/lO6 man-rem annual exposure for 70
years, and the specific and complex genetic risk estimates previously
identified for a 30 year exposure period, yield the following:

TABLE IV

Risk Estimates for Natural Background
0.2 rem/year genetic significant dose
pexr million population

excess deaths 2,800 over a 70 year period
excess non-fatal cancers 2,800 over a 70 year period
maximum specific genetic defects 180 - 1,800 all generations (30 year exposure)

maximum complex genetic defects 36 - 3,600 all generations (30 year exposure)
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The above estimates are in accord with those generated in AEC WASH-1258,
July 1973, Volume 1, Proposed Rule Making Action-As Low As Practical
(Annex 5B), attached to this write-up as Appendix B.

To summarize, the risk estimates from the State plutonium-in-soil
standard for a million person population at risk, based on the four year
overall observed air concentration of radioactive contaminants, are provided
in tabular form in Table V with the natural background radiation health con-
sequences for comparison. ’

TABLE V

Risk Estimates/lo6 Population Exposed
at the State Soil Standard (2 dpm Pu/g)

Due to

Rocky Flats Transuranics Natural Background

70 years exposure

Excess deaths (EPA) 2,800
Excess lung cancer deaths )
(EPA) 1.78
(ERDA) 0.93
Excess bone cancer deaths
(ERDA) 0.53
Excess liver cancer deaths
(ERDA) 0.07
Excess non-fatal cancers
(EPA) 2,800

30 vears exposure

Genetic effects at equilibrium
(all generations)

Specific defects 0 to 0.02 - 0.2 0 to 180 - 1,800
Complex defects 0 to 0.003 - 0.3 0 to 36 - 3,600

Note: The above risk estimates for Rocky Flats are overestimates since
the same material is assumed to be totally in either Class Y (for lung cancer
estimates) and Class W (for bone and liver cancer and genetic effects
estimates). (See Appendix C.)

WATER

The City of Broomfield's water supply (potable water) has an overall
average (1970-73) Pu239+240 concentration of 0.05 pCi/L. Standard man
ingests 1.2 liters/day as liquid and 2.5 liters/day from all sources. If
a single source (liquid) is considered, a person would ingest 438.3 liters/
year. Based on a 70 year intake the total activity ingested would
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approximate 0.00153 uCi. Using ERDA dose conversion terms of 0.7 for bone
and 0.3 for liver (rem per uCi ingested) and the previously described risk
estimate factors, risk estimates may be calculated.

The risk estimates for Pu238 would be a factor of 30 lower and for
Pu24l (without Am241) would be a factor of 100 lower.

As Americium is processed at Rocky Flats, no assumptions can be made
regarding the Am241 concentrations in the liquid effluent stream and Broom-
field water supply. Dow Chemical's analyses of Broomfield water have
identified the levels to be less than 0.02 pCi/L. Total intake for 70 years
would be less than 0.00061 uCi. The dose conversion terms provided by ERDA
are 25 rem/uCi ingested for bone and 10 rem/uCi ingested for liver and the
risk estimate factors of 6 excess bone cancer deaths/10° population per rem
and 2 excess liver cancer deaths/10° population per rem over a 70 year period
are used in the risk estimate calculation.

To estimate maximum genetic risk estimates, again a 30 year exposure
period is used. The above identified concentration data of 0.05 pCi/L of
Pu239+240 and <0.02 pCi/L of Am241, the dose conversion factors of 0.0l and
0.4 rem/uCi ingested for the gonads for the respective materials, and the
genetic risk factors previously identified are also used in the calculation.

To summarize, the risk estimates for the Broomfield water supply for a

million person population at risk, based on the four year overall observed
water concentration transuranics are provided in tabular form:

TABLE VI

Risk Estimates/lo6 Population Exposed
for the Broomfield Water Supply

Rocky Flats Transuranics

0.05 pCi/L <0.02 pCi/L

70 years exposure (Pu239+240) (Am241)
Excess bone cancer deaths (ERDA) 0.006 £ 0.09
Excess liver cancer deaths (ERDA) 0.0009 ¢« 0.01

30 years exposure

Genetic effects at equilibrium
(all generations)

Specific defects 0 to 0.0002 - 0.002 0 to 0.003 - 0.0
0

3
Complex defects 0 to 0.00004 - 0.004 0 to 0.0006 - 0.056

The risk estimates due to natural background, previously described in the
section on air, are appropriate for comparison.
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SUMMARY

In 70 million man-years (1l million persons x 70 years), a population
living on soil contaminated initially at the state soil standard, approxi-
mately 500,000 persons would die from all causes (7 deaths per 1,000 persons
was the overall Colorado mortality rate in 1974), approximately 3,000
persons may die due to natural radiation background and 2 persons might die
as a consequence of the plutonium soil contamination. Genetic effects
resulting from the plutonium contamination would be at least a factor of 10,000
less than that anticipated due to natural background. In the case of the
Broomfield water supply, it is likely that no person would die, and the
genetic effects would be at least a factor of 60,000 less than that antici-
pated due to natural background for an exposure time of 70 million man-years.

The calculations indicate that the health consequences from the breathing
of air associated with soil contamination at the State's plutonium-in-soil
standard and the drinking of water from the Broomfield supply does not
constitute an imminent health hazard to the populace so exposed. While the
calculated estimated risks per million population exposed over 70 years are
low, continued effort to reduce further the associated consequences of plant
releases is indicated. The calculated estimates herein are provided to give
perspective to the situation. The calculated values must not be considered
absolute as the caveats on dosimetry and risk estimators, included in Appendix C,
indicate.
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Nomenclature Section
(Used in this presentation)

disintegration = radioactive decay of an atom by the emission of an alpha
or beta particle.

dpm/g = disintegrations per minute per gram of material.

uCi = microcurie = one millionth of a curie = 2,220,000 dpm.

uCi/m2 = microcurie per square meter of surface area.

pCi = picocurie = one millionth of a millionth of a curie = 2.22 dpm.
m3 = cubic meter of air = 35.3 cubic feet of air.

pC:’L/m3 = picocurie per cubic meter of air.

Pu = chemical symbol for plutonium.

Pu239+240 = the radioisotopes of plutonium having atomic weights of 239 and 240.

resuspension term = derived by dividing the air concentration (uCi/m3)
by the soil "concentration" (uCi/mz).

rem = unit of radiation dose.
man—-rem = 1 man X 1 rem = 1 man-rem = one million men x 0.000001 rem.

biological half-life = time required for % of a material to be removed

biologically from an organ.
um = micrometer = one ﬁillionth of a meter = one micron.
AMD = activity median diameter.
lO—6 = 0.000001 or one millionth.
108 = 1,000,000 or one million.
Pu24l + AM241 = parent plus radioactive daughter contribution.

pCi/L

picocurie per liter of water.

liter = L = 0.264 gallons = 0.95 quarts.

Am = chemical symbol for americium.

{ = less than.

Aeff = 0.693 or 1n 2 divided by Tp Tb , where Tp and Tb are the physical
Tp + Tb

and biological half-lives, respectively = the effective decay constant.
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APPENDIX A

\

General Dose Calculation Equations

Dot = 51 EI/M = rem for period t

51,1 = rem/MeV uCi-day/gram

E = J EF(RBE)n = effective energy = MeV

1 = VCf I: (/ ) (1_ - efft>:] uC1-days

T

where
v = volume per day
c = concentration = uCi/unit volume
fx = fraction ingested or inhaled reaching the critical organ
Jeff = effective decay constant (day)
t = time in days

M = mass of critical organ in grams

ERDA dose conversion units,
rem/uCi inhaled or ingested = Dot/vet

where t in Dot and vct are identical

EPA dose conversion units,
/
rem/pCi/m3/year = Dot/c/t

where t’= fraction of t

Note: Dose conversion terms and biological effect factors must be for the
same time integral for the risk estimate calculation to be valid,




APPENDIX B .

Annex 5B, AEC WASI-1258, July 1973

The National Academy of Sciences/National Research Council recently
completed an extensive review of information concerning the biological
effects of radiation in order to evaluate the present radiation pro=~
tection guides, A report, '"The Effects on Populations of Exposure to
Low Levels of Ionizing Radiation,'" by the Advisory Committee on the
Biological Effects of Ionizing Radiation was published in November

1972, The Publication is referred to as the BEIR Report,

The BEIR Report discusses two analytical models for estimating risk

based on abéolute terms and relative or compara;ive Ferms.. The

absolute risk is the excess number of deaths (or cases of dicease) due

to irradiation. In practice, this is the differencé between the risk

in the irradiated population and the risk in the nonirradiated population,
Relative risk is usually stated as a multiple of the natural risk., Either
type of estimate, when applied to dose levels for which human data are
lacking, involves assumptions concerning the dose-effect relationship,
Either type of estimate also involves assumptions concerning the dis-
tribution of effects with time after irradiation, because pertinent
information for many types of cancer in human populafions is fragmentary
at this time. Risk estimates dérived from the two analytical models differ;

conscquently, the uncertainty ranges for risk estimates are greater than
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would be found by siuply reflecting the uncertainty ranges Lfor pavameter
. \

values in eithcer of the models.

Leukemia And Other Vngﬂl_Maljguaﬂﬁjgg

If a population were to receive a single acute radiation cxposure

resulting in a dose too low for immediate biologicul cffeccts but

.- sufficiently high that delayed biological effects could be observed,

the following typical response sequence may be identilied: (1) a
latent period during which no biological effect ocvcurs (in excess of
those occurring spontaneously from natural causes); (2) a period of
elevated incidence of a specific effect (plateau'rcgioﬂ); and, perhaps,
(3) a period where the inciﬁunce regurns to normal. The.duration of
the latent period, the duration of thé plafeau region, and the
magniﬁude of the incrcased incidence (risk) vary with the age of
those irradiated and the particular biological effect observed.
Alfhough inferred by the term "pl;teau,“ the increased incidcnce

is not necessarily uniform cver the time interval defining the :
plateau region. Further, the.plnteau region may cxlend over a
lifetime, thereby eliminating the subsequent time interval of
nommal incidence. Table 5B-1 taken from the BEIR Leport presents
the assumed values fov parameters required to estiwmate the number
of specificd somatic cflecty fru@ the total-body icvadiation. ‘Two

values are prusentud {or the duration of the platcaun region for "all

L]



other cancers" to reflect the mcertainty arising [rom Limited observat fon
p;riods for human uxpcricncé. These valurs were used to demonstrate the
differences”in quantifying the possible numbor of.dvnths annually in the
U.S. population from an annual dose of 0.1 rem derived from absolute
and from relative risk analytical ﬁodels. Table 5B-2 presents the
results eof both analyses. Tables 5B-3 and 5B-4 present the calculated

- number of deaths amually for cnéh of the iucremcntﬁl age groups

required %o ascertain the values presented in Table 5B-2 using the

absolute risk values and relative risk walues respectively.

5B.2 Thyroid Caucer

The risk of thyroid cancer is given in.the BEIR Repovt as 2.5 to 9.3

cases per 10° children per year per rad. ‘The duration of the latency
pcriod is given as 5 years and the plateau vewglon as 20 years. Valuces
of 30 years and lifetime are assqumed for the plateau region elsewhere

in the same repnrt. The BEIR Report docs not provide thyroid cancer

risk values for humans irradiated in utero or as adults, However,

OIS i

the report cites the "lesser susceptibility of the adult thyroid to
radiation induced carcinogenesis, as comparved with thu thyroid of

the infant or child." This statement appe:irs to cunkr#dict the TCRP
Publicht ien No, 14 obscrvation that mong the Japavese there was

"little {6 any vaviation with ape at the tiwe of erposure” for total

risk [rom thvroid cancer.
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The annual nuwiber of thyrold cancers calculated for the U, 8. population,

if it were to rcceive 0.1 rem per year, is given in the BEIR Report as
7
2,000 to 4,000 for assumed JO-anr and lifetime plateau regions,

respectively, using the relative risk analytical wmodel. Unfortunately,
supplemental information is nat provided to permit wore than limited

estimates of rhe number<ol thyroid cancers for various exposure

situations.

Selected Risk Models

Risk estimates derived by summing contributions of small-interval age
groups are desiraﬁlé becausec significant differences in dose may occur
between age groups when a cemmon exposure is experienced, particularly
where the dose is from radivactive material taken into the body and thé
intake of radioactive material as well as the organ mass varies with age.
However, in many evaluations it is impractical to detuerwine doses for

1
each small age group, and in view of the overall luack of precision in,

,'Jﬁ‘ r

the analyses, approximations of biological risks are quite sufficient.

The sample estimates presenced in the BEIR Report will be used in the
evaluations perforwmed for the ES vhere possible, but whure detailed
information i: lacking, appvoximations will be wade. Where approxi-
mations are required, they vill tuke the form ol «n absolute risk

calculation. Factors used in the somatic risk for the ES approxinma-

tions are presented in able 5B8-5.

4
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Estimates (or thyroid cancer ‘cases zre much less certain than those
for cancer deaths owing to inadequate information. For purposes of
this study, it will be assumed that the absolute risl for children
{f
. . 6 .
(0 to 10 years) is 9.3 cases of thyroid cancer per 10° children per
year for a lifetime with a 5-year latent period. 'The additional
-risk of thyveid cauncer from irrvadiation in utero or as adults (10 to
70 years) "is much more difficult to nstimate owing to insufficient
data and apparvent discrepancies in available information. In view
of the BEIR Report conclusion concerning the "lesser susceptibility"
of the adult thyroid, it will be assumed that the absolute risk for
. : . 6
adults (10-70 years) is 3 cases of thyroid cancer per 10 adults per

year for a lifetime with a 5-year latency period.

Applying the [ovegoing absolute risk approximatious te an assumed
dose of 0.1 rem to the United States population, the somatic effects pra-
s )

sented in Tabhle 53-A are obtained.

epgpn t

The values for sematic risks presented in Table 5B-6 compare the

various visk approximations used in this study with those in the BEIR
Report. For the =ample evaluaticon of a dose of 0.1 rem (100 mrem) per
year to the United States population, the ealeulated nember of deaths (rom
leukemia and other fatal ncoplasms ebrained by using the risk values

Jdn Table 5B-5 emiltiplied by the product of the aumber of persons in



5B.4

* 56-0

the age class i.rradiated and the dose rate (0.1 rvem/ycav) will yleld
: D

values approxignutcLy equal to those in Table 58-3. The number of
thyroid cancer scases caleculated for a dose of 0.1 rem to the United
States popu]nfiAon is ~2200. Tie BEIR Report does not olfer values for the
number of thyroiid cancers cstimatcd for populatiovn douses using the
absolute risk msodel. Howcvef, the values for population thyroid

cancer obtained! with the risk model in this study are about equal to

the lower range: of values obtained with the relarive risk model in

the BEIR Reporit. A comparison of the risk Qalucs derived using 3
absolute and rrelative models in the BEIR Report- (Tabley 5B-3 and 5B-4)
shows that the: risk values for thyroid cancer.usdd in Table 5B-5 appear
to be consistent with risk values for leukemia and other fatal neco- :
plasms. It is; concluded that the estimates of somatic effects for

population exposures reported in the ES are within the range of those

suggested in ithe BEIR Report.

Genetic Effecits

~

4 -

Four bases for asscsswent of genetic risks are discussed in the BEIﬁ;’

Report:

1. the risk relative to rhe natural background radiation (not
quantitative); .

2, the rick of specific gencric conditions and cyrogenetic etffcots

(values @re vresented in ‘fobles 5B-7 wnd SB-8);



3. the risk relative to the current incidence of soerious disabilitices
(values presented in Table 5B-9 include values from Tnblcs.SB—7
o .
and 5B-3); and
4, the ri<k in terms of overall ill health. The contribution of the
mutaticnal component to ill health is érbitrarily taken as 20
percent and a Joubling dose between 20 and 200 rem suggests an

increase of ill health ranging from 0.1 to 1 percent per rem

per peneration.

To aid in quantifying the cost associated with biological risk,

the BEIR Report presents one ratiomale wﬁich éuggests one person-rem
pf genetically significant population dose would add an amount

of illnrss equivalent in health cost to betwegn $12. and $120 as a
consequence of genetic effects. The BEIR Repnrt docs not provide

a similar cost estimate for somatic effects of one person-rem.

The inforﬁation przsented in Table 5B-9 was used as a basié for
calculating the nuimber of cases of genetic diseases fvom population
doses in the ES. TIn order to make use of the information in Table SB -9,
some adjustment in form was necessary.

.

A, . . ; ; :
There ave v 4 x 107 live births per yvear iv the United States (v 2 x 10

-

4 . .
persous) ov v 2 x 10 live births pevr year per wmillion persons.

The cuwrvent incidence of dominant disease (Fable 58-2) is given as

oV

e pw
f
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104 per millian live. births. Since it is desirable to cxpress

incidence per million persouns, thie normal incidence of dominant
{f

diseasc is: !

-

(lO4 cases ) (2 x J.Oli bivths ) _ 200 cases L
(100 births) (million pecsons) million persons’

The number -of cases of dominant disease in the first genevation from
a dose of 5 rem per generation is given as 50 to 500 (lable 5B-9) per
million live births. Since there are ~ 2 x 104 live births per year
per million persons, there are ~ lO6 live births among 50 million
persons. A dose of 5 rem pexr geuneration (30 years) is ~ 0.17 rem perx
year; consequently, 50 to 500 cases are attributed to a population
dose of 0.17 x S0 million person-rem (i.e., 8.5 million person-rem)
or 6 to 60 cases pér million person-rem. Other valucs in Table 5B-10

were derived in a similar manner from the values in Table S5B-9.

Judee

Table 5B-9 preseuts the range of number of cases by discase
classification peor nmillion live births for a population. Population
total-body doscs ar: prescented in units of pcréon—rcm. Cenetic ;
effects are noted in the progeny of thuse irradiated; consequently,
the informatioa Ln Table 5B-9 is expressed in terms of population
dose, and the adjuspcd values are presented in Table 58-10. The
total-body doses, as presented in the ES, are calculuind Lor a 5-cm

depth of tissue. The penctically significant doses wmay be slightly
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different from the dose at 5 cm owing Lo Lhe specific "effective"
depth of acrtuall genctically significant tissue. 1Mo correction has
been attempted, and the total-body dose will br _assumed to also

represent the gienetically significant dose.
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5B-1.0

TABLILL 5B~-1

-

VALUES USED IN CALCULATING ESTIMATES OF RISK SHOWN N TALLE 5B8-2

(BRTR REPORT)

Rizl Estimate:

Duration Duration Absolute Relat lve
of lLatent of Plateau Rigk## Risk
Age at Type of Period Region (deaths /1057 (% incr. in
Irradiation Cancear (years) (years)* yr/rem) deaths/rem)
In ) Leulemia 0 10 25 50
Utero All other
cancer 0 10 25 50
0-9 Leukcinia 2 25 2.0 5.0
Years All other (a)30
cancer 15 (b)Life 1.0 2.0
10 + Leukemia 2 25 1:0 2.0
Years All other (a)30
cancer 15 (b)Life 5.0 0,2

Feld

* Plateau region = interval following latent period during which risk remains

elevated.

*%The absolute risk for thosec aged 10 or more at the time of irradiation for
all cancer excluding leukemia can be broken down into the respective sites

as follows: i .

Deaths/10%/Yea

Type of Cancer r/rem
Breast 1.5%%% -
Lung 1.3
GI incl. stomach 1.0
Bone 0.2
. * All other cancer 1.0
Total - - 5.0

%%%This is derived trom the value of 6.0, corrected for a SUZ cure rate and

the inclusion of mailes as well as females in the

poputatioan.

% Vg
1]
’s,,.



- L

TABLE H0- 2

\
ESTLHATED ITBERS OF DEATHS PER YUAR IN THE U. S. POPULATION
ATTRIBIFCARLYE TO CONUINUAL LYXPOSURE AT A BEATE OF 0.1 REM PER
YEAR, BAGED O MORTALLTY FROJ LEUKEMLA AMD FROIU ALL OTHER -
. MALLONANCLES COMBINED. (BEIR RiEPORT)

lrradiation Absolute Risk lodel* lclative Risk Model®
During Period I'xcess Denths_Duc to: Excess Deaths Due to:
Leukemia All other Cancer Leukemia All other Caunorv
In Utero 75 75 56 56
0-9 years 164 (a) 73 93 (a) 715
(b) 122 (b) 5,869
10 + years 277 (a) 1,062 589 (a) 1,665
(b) 1,288 (b) 2,415
Subtotal 516 (a) 1,210 738 (a) 2,436
(b) 1,485 (b) 8,340
TOTAL (a) 1,726 = 0.6% incr, (a) 3,174 - 1.0% incr.
(b) 2,001 = 0.67% incr. (b) 9,078 - 2.9% incr.

* The figures shown are based on the following assumptions:

(1) 1967 U.S. wital statistics can be used for age speciflic death rates from
leukemia and all other cancer, and for total U.S. population

(2) Values for the duration (a or b) ol the laLkent perind (the lenpth ol Line

. after Lrradiation belore any excess ol cancer deaths occur), duration ol
visk ("plateaun region"), and magniitude -of averape ivcrease in annual

mortality for cach group are as shown in Table 5B-L.
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TABLE 5B-5

RS TR,

- o S

vt oo

vacen !

e & o a.

\
RISK VARUHS SELLOTED TOR ESTIMATING BIOLOGLCAL EFFECTS FOR
RADTATION 10SES IN THE ENVIRONMENTAL STANUEMENT
Lifet e AUiﬁIhL-ffﬁk” o
6 6
2 (Deaths/10~ person-ren) (Cases/ 10
L person-rom)
Irradiation Population Other Fatal Thyroid
Period Fraction Leukemia Ncoplasmsb Cancor®
In Utero (0.2) 250 4 250 -
(187) (187)
0-9 years 0.2 41 30 280
(46) (2920)
10 + years 0.8 17 82 65
. (37) (153)
Population
Weighted Avg. 26 75 110
(37) (426) (202)

a_. . . B , .
Risk values for leukewia and other fatal cancers in this table were derived

dircctly from the BEIR Repert Table 5B-3 using lifetime plateau values,
Risk values for thyroid cancers were derived by calculating risks for =
incremental ape yroups (similar to those in Table 55-3) assuming a S—year'
latent period, a Lifetime platecau, and risk values oi 9,3 x 1076 cases/year
/rem for children and 3.0 x 1079 cases/year/rem for adults.

b ; ; : -
The number of cancer cascs in this category may be twice the number of

cancer deaths.

c . . . . Co . . .
Thyroid cancers folleuing irvadiation (particularly in childhood) have a

relatively low probabilitvy ol bLeiny tatal, making theam unlike the otiwer
types of cancer considered in this table. The survival rate for thyroid
cancer is v 905 (ive years after decection.

d . . . o . ; .
Values in parentheses are waxizum rvisks based on reiacive visk ealeculrions

and are prescated for ccuparative purposes.
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TABLE 5B-7 ’
© p
ESTIMATED EUFE(ZTS OF RADIATTION 1'OR SPECTFIC GENETIC DANAGET
(BELR REPORT)

Current in~  Number  Ellcet ol 5 rem
cidence per that are per generation
: million live new First Equili-
births mutants genceracion brium
Autosomal dominant .
traits 10,000 2,000 50--500 : 250-2,500
X-chromosome-1linked .
traits 400 65 0-15 10-100
Recessive traits 1,500 ? very few very &low
increuase

a The range of estimates is based on doubling doses of 20 and 200 rewm,
The values ygiven are the expected number per million live births.

4 A%
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© .
ESTUIATES OF (CYTOGENETIC TFFECTS FROM 5 REM PIR CI",NF.P.AT[ONa

TABLIY 5p-8 _ !

(BETR REPORT)

I'ffecl: ef 5 rem per pencration

Congenital ancwalie:s

Unbalanced vearrmngements
Aneuploidy

Recognized ahortion:s

Aneuploidy and
polyploidy
X0
Unbalanced rearrancements

Current First gencration Fquilibrium
Tncidence

1,000 60 75

4,000 5 5
35,000 55 55

9,00C 15 15
11,000 360 450

a

Values are based on a population of one million live births.
Unbalauced rearrangements are basced

sasl 2 AV

on male radiation only.

[ e e me = 6 em reemeem et ———

S B e e A ® % (i S Gy TSP =@ SwAmAl ST e am e =



o e
e

pis SO

e i meiw . mme = e

. wad

g B s sdae
M Al e e . - . s e

‘s ws .

o% mn b B o,

® o mertma 8 .

5B--18

TABLI

58--9

ESTIMATED EFFECE OF 5 LREM PER CENERNTION ON A POPULNL LU OF
ONE MILLLON [LLVE BLRTHSY

(BEIR REPORT)

Current

Effect of 5 vem per pencration

Disecase Classification Incidence  First gencration
Dominant diseases 10,000 50-500
Chromosomal and Relatively
recessive diseascs 10,000 slight
Congenital anomalies 15,000
Anomalies expressad later 10,000 5-500
Constitutional and 15,000
degenerative discases
Total 60,000 60~1000

Lquilibriam

250-2500

Very slow
increase

50-5000

300-7500

This includes conditzions for which there is some evidence of a genetic

component. This table

includes values from Tables 5B~7 and 3B-8.
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TALLL

i

OF CEMETLC

CIHRONIC POPULATION DUSE

SRS

DISFASE ATTRIBUTED Lo

THIE ENVIRONMENTAL STATEMENT

IN CALCULATLIONS TFOR

* Ranges. ate for 20 to 200 rom doubling doses.

*% Adjustuwent of values in Table 5B-7 made use of the following factors:

Current U.S.
- Curreat U..5.

population v 2 x 108 pnrsons
live births (annual) ~ 4 x 10°
5 vem/gencration v 0.17 rem/yr.

Risk*
Geucetic Effect fmontancous __(Caser per IOr _persen-rad per vear):
(Cases per 10°
persons per year) First Ceneration Equilibrium
Dominant discoses 200 6 to 60 30 to 300
Chromosomal aud
vecessive discases - 200 (Relatively (Very slow
slight) increase)
Co.ugenital ancmalies 300
Anomalies expressed later 200 1 to 60 6 to 600
Coustitutional and degen-—
erative diseases 300
TOTAL 1,200 7 to 120 36 to 900

»
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APPENDIX C

Caveats

© .
From "Quantitative Health Estimates of Transuranic Releases'", Nathaniel
F, Barr, Division of Biomedical and Environmental Research, U,S,
ERDA, October 1974, HASL-291,

“"These estimates of potential risk are subject to great uncertainty for

a number of reasons, There are no observations in man or in animals which
are directly relevant to estimating potential health effects at the ex-
ceedingly low doses and dose rates being considered here., The estimates
assume that health consequences are directly proportional to the quantity
and residence time of alpha-emitters in the organs of man, and most probably
lead to great overstatement of the maximum potential health consequences,'
(Quote in part)

From "Plutonium: Statement of the Problem", ORP, U,S, EPA) December 1974.

Problems in Dosimetric Modeling For Plutonium After Inhalation

There are a number of problem areas in toxicologic studies of plutonium
and models for dosimetry. These include physical, physiological and
biological assumptions used in the models,

To some extent the ICRP Task Group on Lung Dyﬁamics Model is conser-
vative in assumptions for inhalation exposure,

The model uses a tidal volume of 750 cc or 1450 cc, These values are
adequate for an adult male, however adult females might be 339 cc or
655 cc, and children dropping to 16.7 cc or 32.4 cc in the sleeping new-
born.3 1In this aspect the model provides estimates of exposure which are
higher than would be expected in a general population.

The TGLD Model has other assumptions which are not conservative.

(1) The model uses a respiratory rate of 15 respirations per minute,
For a heterogenous aerosol the percentage of deposition varies with
breathing rate, The minimum level of deposition occurs at 15 to 20
respirations per minute and increases on either side of this value,
Deposition rates in hard workers, or in slecping or sedentary individuals
would be higher than the model predicts.
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o provision is made.in Lhe wodel for the known repioual

Aigtvibuvion of inhaled cases withino the lune,  Pares, ball

and Bryvaan have siowa that in the vpright dindividual, the
digtribution

wad rates of wash-in and wash-out of jases is
di{fereant by fhout 407 between the upoer and lover lobes of

the luag,

hin bas nrefcund dwplications dn that it affects
bﬂih .ho diut
iti

ibutisn off dulialed acrosols for scttling or
i

. e . . L
5 in the model that need refining includes)

The nodel iz based on laminar flow din tubes at a constant rate,
per the calevlations of Findaison and Landahll, A suntaary of
LB

—
=
2]
o4}
:‘:‘:
<t
|
[ N
o}
)

taj The paltcrn of air flow during xespiration is
not constant, but goes from zero to sone makivin
g then returas to ceve.  Information is nceded
on the effcct of this pattem on ‘deposition.

(b) Pulsating air flow is caused within the Jung by

: the filling and eaptying of the heart, The
effect of this action on local deposition is
not lnown, ‘ B

(e) Air flow in the lung wa" be a wiznture of laminar

and turbulent flows. The extent of this
phencmcnon and its eif cet on deposition should
be investigated, :

(d) The bulk of new air does not mix volumetrically
w1th'1ung air, 'Mon difldsahle pdrticles -(»0.5u)
will penetrate only as far-as the new air goes,
chile.finer pavticles (<0,5p) will be able to

.

similax to that of a gas molecule. This also has
implications for alveolar OCpOaJLLOﬁ of particles,
particularly as it relates to source terms,

(¢)  The respiratory trece is not compesed of civcular
tubes but dirrepular cross scction tubes often
corregatea ov folded over. The cifects of these
irregularities on turbulance and deposition are
not knowa.
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(£) ‘e cifeetrs of respirvatory encursicas (couphs)
on respiralory clesraace arve not conniderad.

CFEven if the Juag wodel were eonsiderad o be accurate cnough
for practical purpazes, diificult probloems. peenliar to plutoniun
Gistribulion and retontion are not scttled., ‘There is cvidence
fhae the hipher speciiic acrivity jeotopes of »lutonium (79%u,

’Pu) ave translocoted frein the lune wore ranidly than 23%py and
nave a diifceront OLStrJDWLJOH pattern in the body after translo-
cation, o

In gencral the 29%Pu has a distribuiion pattern after
!

transiocation Yyom the Jung "n¢rh rescinbles tho pattern of dnjccted

- - ~

woneicric  <v ot Yhen 499y is cransilocaced from the 1uuq, the
pattern of dicrribucion within the body veseables that of injacted
polyueric Y Tiids suceest that the 23&py ig dissolving and
Bt ag a transferin  complexC vithin the body while
thﬁ;%fﬁ?u is being engulicd aud transporved as particulate wmaterial

-7

(?. Durbin, InPA COﬂ"lCSS,JO/J)

1

Jt has been suggested that the wmore uapid translocatiocn of
&

238py relative to ‘°~”u acyrozols deposited in the June is duo to the
efiect of the speciflic cctivity on al chemistry afiter deposition.

o i
The highor activity 238py vroduced cﬁouﬂh radicals in its aoucous
L c ci

covironrent

Wiy Biews or p@ranchyea) to influcnee local chewistry
and the rate of dissolution of the pavticle (D. Craig, INPA Congress
: 1973), If these s atenmonts are coviact vcwatho wodels must be
“WGQifyveﬁHdcvclaped-{oL Bach -plutonIem +h80 LoPa v Hies vl it ’

f

The available estimates. of half times for the translocation
of plutoniua from aiveolar deposits and from lwmph nodes are
subject to considerable uncertainty. -The data on reteation,
particularly in lyoph nodes is besed on animal experiments with

yela tnvcly ngﬁ lovels of;. (SFQOSUL., . s ey oA SR S

Je . . -~ oS ey LAY e

a/ denomeric plutoniua is in the form of single molecules of the

plutoniwa compound, not a large number of particles aggregated.

b/ Polymevic plutoniuvm is a form wheve a number of molecules of the.
plutoniun cowpound aggrepate together as a colloid.

G/ Traasferin is the serwm protein wiiich bLinds irou as an iron-
Lrhnvicrin complex to tramsport the iron throughout the body,
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. a . . - .
Poyps ot Nonferd, exposed to 2"JPUOy nad retained Jang buvdeas of
1.5 to 9G0 nCi/y o dunp (MGG ro 27,000 times the maximun permissible

“dung, burden for rman)b, One ef the wove common resnhonses Lo thig
bipgn level ol cupognye s Jocul cell death Jollowed by fibrosis and

. scarring’ in the zrea’ %, The radiation induced chionpes in the tissue
at the niph . dlevels of exponure uscd, chrnwe the function oi the .
tisgues ond jutorfere with normal metabolicn,  Tntrapolairicn of
roeteations soen at timse dose i :Eu to Jover ranges wust be ceasidered
. suspect unidl Can¢.muLoL VLG iz available.

tiuch c..\'ho..l.“xt_al"b' lotribuied mutnmu\ has the unique

proparty of being in tihe form of wvery saall sub micron particles

venidy :xtta‘vr’ncd to larger dust varvticles. Unfertunately the TGLD
. wmodel docs not address the question ol extrenely snell rarticles

bownd to 1.0 & {or larpae ] pmariielo This quastion wust be

addressed since any EPA vick e?t;uucc auc i consider this prodlem

for plutonium that esczpes through HiPA {ilters.

1

Prebleoms in Desimetric Medeling for Trneested Plutonium,

Problers related to predicting the body burden the ingestion

of plutonium are slight relative to those for the case of inheled

pluteniual  Altheuzh ICRY llsdels use GI Tract abso:ntion cofficunts

of 3210 7 for insoluble forme like FiCy theve are sugsestions in

the litervature that theze values may be a’ifactor of lO- to 3Q;ﬁ ) -

EHQy%r'm#ﬁc}aprnob.:n-mary»\cungxnu1rwls'fan‘~t Hactor 610 higher:Tor 28Riran sl wbae iy i Wi

in dairy cattle®. There is meed for furcher investigation of
absorpition values for ingested plutonium in various ages ol animals
and using different forms and isotopes of plutoniunm,

Problens in Nose-Convoersion Fucrors For Plutoniun Xodels

. . B 49 . ¢ s, e . ¥ = % R 3 Bog s T e a e % 2 a3 By e e e
VL R ~‘,~1.' “, .{.. LN PIRSE P s o .‘.'--‘ P e T LR oot e N Sttt S v RPN, AL

Although quite a lot is known acbout distribution and rctention
of injected plutenium compovnds, less information is available on

. vhat happeus ziter inhalation or iugestion. )
. . Current cvidence sugpests.the ingested plutonium enters the

circulatory svstem in ionic form and is distributed thvough the
‘body as a plutonium-transfeorrin complex nuch as wenomeric dinjected
plutoenivi, In this case the skelaton; l'v*r; tissue and cxcreta
distribution would be about 607; 20%; 20%,%
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Iymph vodes, lives, Lalctnn,lxuaow and o<cnu<1n1u]1) spleen. A .
real awinol containg many wore tissucs,

1

. .

The caleulation of dose {rom Inhialed plutonium particles is
complicated by thr rfact that the tissue in which  the caerpy

really ds depesite®t is uot known.  Since plntoniux, whethoer as "hot
particlies" ov az a diffuse acresel, does not denosic uniformly over
Iung parencicnn, the dose Js nacevenly distribucced in the June,
Adgo cven Chourli the ranpe of plutoniui dﬁphj purticles nay be
ouly 503, the wess of the wihole lung is wsed in ealceulating the
doge. Theome isecualitiva ard cereddsn Lo Xtad 2o wikder estimaticn
of dosc te the Uissues bDeing drvrvadiated, ﬁosszb]y to a vory great
cunder cstimale of dose to eritical t¢u3u* Hore data is uceded
for better doze calculation, ‘ :

-

e Dafpa With Pluteniiwm Jiodels

Even 1if the
calculated by the

: taken in applying
risk cstiinates
fairly .gll Geri

cainty -in health effcct estimates
is disregarded, care must be
plutoniun orean deoses., DETR
vations ol the resrnonse of
thiougn doses- coan e calculated
v hdgphyrdeal congdderations,
iaagu_qf the risik associated with .© - +00 o0 0 2en
;alnés rnxcn con be usad now are
Lnu ovlcu aLcJ bun“

pluLonvnl Oenc=jgcu in maviow and LlUm»p1dtOﬂle uﬁpoqltoo in
surranding bone Effects are on the basis of the cxnesure dose
in rems), The lung risk estinate in BRIR 4s velatable only to the

gose received by the basal cells of the bronchial epithelium, which
dose the curront lung models users do uot calculate. The rigks in

BELR can be cuploved only if the-specific organ doses applicable e L
fo BEIR visk cscimates cen be computed. TFor exemple. if the .

thyroid dese from plutoniws con be caleulated, BEIN risk estimates
for thyvroid related Lealth eifccts can be usced to determine the
ciipuct ”0 health cifects
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There ave also wsveselved questions in dnterprating the vhgerved

effaces of

man for
()

o

(L)

()

plutenivn in aniuwal health smd corvedating them with

whoit we have no obuservatious, .

Liver and bile duct tumors havé Leea observed in
aninals, but there is no corresponding diita for
LN, .
Lung twiors 1\"' ve Lo observed din andwals but they
are geacrally alveolar in oricin.,  The tuwor for
which nmui visk data ds giveu in wan is a
bronchegenic tumor, There s no concenasus yet as
how or if the lLuman and aniwal twsors relate to ¢
one apother.
Osteosarcenas hiave never been observed in animals
exposed to “¥°Pud, acrosols, howover.ostcosarcomas

in animals exposed to 2%%Pu0, aerosols

have dovelapec
(D Crairn ILP mgress 1973),  Vhether this means
o <

that hca.th cefficets wedels must also be for individual
plutonium isotopes or wot is unclear.

Tiie eifects on animals of unifoma plumonary distribution
of isotope versus (‘J\.LrJouLJo.l as high activity pzr-

ticles in "hot .p " in the lungs has not yet becn
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sT7are OF COLORADO >m-i/n 0 mrai e HEALTH

4210 EAST 11TH AVENUE «- DENVER, COLORADO 80220 - PHONE 388-6111
R. L. CLEERE. M.D., M.P.H., DIRECTOR

OCCUPATIONAL AND RADIN'LOGICAL HEALTH DIVISION
November 17, 1972

Jefferson County Board of Commissioners
Jefferson County Courthouse
Golden, CO

Attention: Pat Mahon, County Attoruey
Gentlemen:

By telephone, Mr. Mahon requested information which would allow
both the Board of County Commissioners and subdividers to fully comply
with the provisions of Chapter 106, CRS 1963 as amended (106-2-34(3)(a)
and (c)(iv)). Specific reference to the situationof the U. S. A.E.C.
Rocky Flats Plant environs was discussed and covered in a. subsequent
letter to Mr, Mahon.

Since that time we have met with personnel from the U.S.
Atomic Energy Commission (AEC)and U. S. Environmental Protection
Agency (EPA) (meeting summary enclosed) regarding standards for
Plutonium in Soil for urban situations. No standards, criteria, or
guidelines are inmediately available. EPA has established a priority
for setting standards or guidelines in this regard; however, the
target date for finalization is two (2) years distant. The advice
given, due to present knowledge (and lack thereof), is to be conserva-
tive.

In this regard, the attached '"Suggested Interim Guidance" is
provided by the Department. Hopefully, the information and review
required therein, will allow proper and adequate decisions to be made.

Also provided herein is all pertinent correspondence and informa-
tion which has been involved.

If there are any questions regarding content, please do not
hesitate to contact this office.

Sincerely

A. J. Hazl Assistant Director

AJH/1jw

cc: David Foster, Counsel, Colorado Department of Health
Enclosures



SUGGESTED INTERIM GUIDALNCE
for
EVALUATION (tov. 1972)
required under Chapter 106, CRS 1963, as amended
(106-2-34(3)(a) and 106-2-34(3) (c) (iv)

To assist the Board of County Commissioners in fulfilling the requirements
of the Act, the following is provided by the Colorado Departmeunt of Health.

I. Information to be provided in the required evaluation:
A. Prior land use history of proposcd plat
l. Specify for the proposed plat and any portion thereof, the different
land use histories in relation to solid disturbance.
a. Situations to be considered
(1) Virgin or undisturbed ground
(2) Disturbed ground (specify depth of dlsturbance)
(a) Single (date) .
(b) Routine
((1)) Yearly
((@)) Contour Plowing
(()) Strip Plowing
((2)) Others (specify)
(¢) Others (specify)

B, Method of taking representative samples
1, Detailed description of sample acquisition and its justification
in relation to hazard analysis.
a. Items to be considered (but not 11m1ted to)
(1) Depth of sample
(a) Disturbed soil situation
(b) Undisturbed soil situation
(2) 1Involved surface area of indivudal sample
(3) Number of samples taken per unit land area
(a) .Increase or decrease number due to
((1)) Different land forms
((2)) Water bodies and streams

C. Method of Analysis .
1. Describe in detail, or if documented procedure, reference the
procedure and qualify any changes in that referenced procedure.
2. Specify quality control procedures for the analytical procedure
. employed.
a. Number of analyses per sample (replicates)
b. PartLC1pat10n in inter-laboratory cross-check programs
(AEC or EFA)
¢. Standards traceable to nationally recognized source



Suggested Interim Guidance - .- -2-

L1,

III.

Iv.

D. Evaluation

1. Results of analyses to be presented by table and map with
speci.fic sampling sites and land use historics identified.

2., Mecthods for "averaging' and handling anomalous data speccified,

3. Criteria or guidelines used in the hazard evaluation specifically
described or referenced.

4, Specify all assunptions used and qualify their use.

5. Specify appropriate methods for control of the radiation hazard.

6. Specify the name and qualifications of the individual performing
the radiation hazard cvaluation.

A. Prior to a subdivider, or an agent for a2 subdivider performing or
causing to perform the required evaluation, the information required
under Item I, with exception of I. D. 1. and I. D. 5., shall

be subaitted to the Board of County Commissioners for review and comment.

B. The Colorado Department of llealth shall assist the Board of County
Commissioners in their review of the proposed evaluation. Upon
approval as appropriate to fulfill the requirements of the Act,
the evaluation may proceed.

Upon completion of the required evaluation and submission to the Board
of County Commissioners, the Colorado Department of Health shall assist
the Board in its deliberations as to the efficacy of the proposed land

‘use in relation to the radiation hazard identified., Disposition of
this matter may take various forms:

A. TUnqualified approval ‘

B. Qualified approval

C. DPostponed or deferred decision (taken under advisement)
D. Disapproval or rejection,

Areas of Concern (Specific for each county)
A. General areas of natural deposits of uranium and/or thorium
1. Locations identified by the U. S. Geological Survey as possessing
significant quantities and concentrations or as otherwise
identified.

B. General areas surrounding nuclear facilities.
" 1. Production and/or utilization facilities, as defined by U. S.
A.E.C. regulations. . -
2. Uranium and thorium mill towns.
3. Areas as otherwise identified.



APPENDIX

Area of Concern (under Item IV.B. (3) of the Suggested Interim Guidance-
November 1972) for environs of the U.S. A.E.C, Rocky Flats Plant,
Jefferson County.

Effective: December 1973

General Area of Concern

Area bounded by llighway 93, Highway 128, Simms Street between Highway 128
and W. 100th Avenue, W. 100th Avenue to Highway 121, Highway 121, W, 88th
Avenue (extended) and lighway 72.

"The identified area was selected after thorough review of all available
radiation evaluation data on this plant's environs., More proximal locations
to the plant site will require greater consideration due to the greater
potential radiation hazard near the present plant boundary,

JBB/1c
(1/9/746>



AMENDMENT TO THE

State of Colorado Rules and Regulations Pertaining to Radiation
Control

Subpart RI 4.21 is added:

RH 4,21 Permissible Levels of Radioactive Materijal in Uncontrolled
Areas

4,21,1 Plutonium., Contamination of the soil in excess of 2.0
disintegrations per minute of Plutonium per gram of dry
soil or square centimeter of surface area (0.0l microcurie
plutonium per square meter) presents a sufficient hazard
to the public health to require the utilization of special
techniques of construction upon property so contaminated.
Evaluation of proposed control techniques shall be avail-
able from the Department of Health upon request.

Adopted: Colorado State Board of Health
March 21, 1973

Effective: May 1, 1973

AJH/ 1w

1 -
‘A/28773



.
\

>
”»
p %

é%
v

14 “\'f)

4
'Vlbw

AR
J

_ \ DENVER REGIONAL COUNCIL OF GOVERNMENTS

1776 SOUTH JACKSON STREET . DENVER, COLORADO 80210 . 758-5166

Tuly 31, 1975
RECEIVED
AUGS 1975

DiviSiON OF
PLANNING

\'r, Joseph G. Wagner, Director

_epartment of Housing & Urban Development
i ederal Housing Acdm.nistration

Denver Insuring Oifice

Title Buildirg

908 - 17th Street

Denver, Colorado 80202

ATTN: Betty Patton

RE: HPR/037-75 DHUD-FHA Number - ASP-1274

Dear Mr. Wagner:

In accordance with OMB-A-95 procedures, the Denver Regional Council
of Governments has reviewed the akove captioned project. In addition,
the DRCOG has notified the affected agencies of the project and has re-
quested their comments. Those comments received by our office are at-
tached to this letter.

The Council of Governments appreciates this opportunity to be of service
tc you.

Sincerely, —
/ /
ﬁ/ A1 /

Pdoert D. Tarley
Executive Director

RDF/nl
Enclosures: HPR and Comments

ce; V'{ichard erown - Colorado State Division of Planning

COUNCIL OFFICERS
NORMAN A BMITH. Chuirman  SAMUEL L JENKINS. Vice Chairman GUY R SANDERS, Secretary-Treasurer ROBERT D FARLEY, Frevuine Divector

EXECUTIVE COMMITTEE
JOHN P MURPHY® JACK L TREZISE"® WILLIAM MUNICHOLS. i CHAHLES A PITTS RALPH ANDERSOM
Buuider County Commindoner  Jelerson County Cammisiiner Drenver SMuyur pahoe County Adims Coundy Commisstaners
*Chatrman **b ke Chasrman




COMMENTS ON HPR/037-75

DRCOG Staff - This is a multi-use project including single family, multiple
family and commercial development. The portion of the project being considered
in this filing includes 28 single family units on 5.96 acres, or a density of
approximately 4.6 units per acre. The zoning of the area has become PUD
through density transfer agreements with the City of Westminster.

Although the proposed units will market within the average single family price
range for the Region, they will not meet the needs of low and moderate income
families and thus will not contribute to Westminster's "fair share" goal.

The project is consistent with the regional Land Use Plan which indicates
that the planned use for the proposed site is to be low density urbanization.
Utilities exist at the site with telephone and electric underground, gas,
water and sewer prepared for.

There does not seem to be any conflicts with local governments or with plans
and policies defined at the local level. However, there is a possible concern
with a potential radiation hazard from proximity to the Rockwell - Rocky Flats
plant to the west. Jefferson County Health Department has requested a meeting
of all concerned and affected agencies and parties to discuss the issue.

A meeting was held on Tuesday, July 22, 1975 at the Denver Regional Council
of Governments' Offices. The following persons were in attendance:

Dr. Carl Johnson, M,D. ) Jefferson County Health Department
Richard Bell Jefferson County Health Department

Dan Axlund Federal Housing Administration

Charles Todd Witkin Homes

John Franklin Planner - Westminster

Richard Brown Colorado Division of Planning

James Arner Colorado Division of Planning

Claudia VanWie Department of Housing & Urban Develop.
Walt Kelm Department of Housing & Urban Develop.
Albert J. Hazle Colorado Department of Health

Bert L, Crist Colorado Departmentof Health

Earl W, Bears ERDA - Rocky Flats

Robert E. Yoder Rockwell International - Rocky Flats
Larry T. Borger DRCOG Staff

David Choate DRCOG Staff

Nancy Love DRCOG Staff

The meeting was called because Dr. Carl Johnson, Jefferson Counth Health
Department felt that there were some misunderstandings concerning the

proper testing procedures for any development that falls in the area of concern
as defined by the Colorado Department of Health. Also, there was a proklem



Comments on HPR/037-75
Page 2

in the evaluation of this area and he felt that perhaps the informational
meeting might solve some of these problems.

Discussion followed Dr. Johnson's opening presentation.

The conclusion of the meeting was that the Colorado Department of Health
would review all of the past evaluations of developments in the areas of
concern located adjacent to the project in question and would hold off ad-
vising the Federal Housing Administration to approve the project until such
time as the reviews had been completed.

The Jefferson County Health Department would recommend to the Federal
Housing Administration that before they approve the subdivision that the
developer in fact conduct a study of the area in compliance with State
regulations.

In the event that the Colorado Department of Health reduces the area of
concern aiter reviewing previous studies, then no test would be required.
The Health Department felt that it would take at least two weeks until they
would have any conclusive evidence regarding the area of concern.

It was recommended that the two health departments communicate with the

developer, the City of Westminster and the Federal Housing Administration
prior to any decisions being made.

(See attached for additional comments)
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July 11, 1975

Ms. Nancy B. Love, Coordinator

Denver Regional Council of Governments
1776 South Jackson Street

Denver, CO 80210

Dear Ms. Love:

This letter is in response to your referral of the proposed
federally assisted project known as Kings Mill North, Filing %3,
Case No. HPR/037-75.

The area of this proposed project is within the Standley Lake
Water and Sanitation District. It is also within the potential radia-
tion hazard area adjacent to Rocky Flats as designated by the Colorado
Department of Health.

This Department recommends that prior to any approval of this
project and development within this area, the developer submit a
radiation evaluation study for Colorado Health Department review.

Additionally, this Department requests a meeting be held with
the following agencies in attendance: Witkin Homes, Inc., City of
Westminster Planning Department, Denver Regional Council of Governments,
Federal Housing Administration, Jefferson County Health Department and
the Colorado Health Department.

Should you have any questions regarding this matter, please
contact this office.

Sincerely
/ / /

C'(-a. / -’ (/bv"):-

Carl J. Johnson, M. D. s
Director of Health

CJdJg:1k

cc: Charles E. Todd, Vice-President, Witkin Homes, Inc.
John Franklin, Director, City of Westminster Planning Dept.
Al Hazle, Colorado Department of Health
Robert C. Rosenheim, Regional Administrator, Housing & Urban Development

JEFFERSON COUNTY HEALTH DEPARTMENT ) -

260 SOUTH NIPLING STREET * LAKEWOOD, COLORADO HOZ226
30353/238-6001




Return to Nancy Love

. LOCAL PLANNING AGENCY REVIEW

4 3
PROJECT NOTIFICATION PLEASE RETURN YOUR COMMENTS BY July 18, 1975
HPR No: 037-75 :

-

BPMR+NO. : COG Notification:

Applicant:
Name : Witkin Homes, Inc.
Representative: Charles E. Todd - Vice President
Address : 972% East Hampden Avenue

Denver, Colorado 80231

Telephone No.: 755-4111

\_ it

4 )
COMMENT ON PROPOSED PROJECT (Attach additional sheet if needed)

The Metropolitan Denver Sewage Disposal District No. 1 is presently
operating under a discharge permit issued by the Environmental Protec-
tion Agency. One of the requirements of this permit is that the in-
crease in the average annual wastewater flow to the Metro Central Plant
be limited to no more than the average annual increase experienced over
the past four years. This requirement will be in effect until such
time that the present plant expansion has been completed. Completion
of this project is scheduled for September '1976.

Tt is therefore requested that regulatory agencies control the activi-
ties within their jurisdictions such that the increase in the average
annual wastewater £flow from their areas, which is tributary tc the

Metro Central Plant, be limited to no more than the average annual in-
Crease experienced from that area over the past four years.

- e TR e
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pup NS - D.R.C. O.C.
Metropolitan Denver Sewage Disposal District No, 1 July 14, 1975
Local Planning Agency Pate
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By William E. Korbitz /é?‘tf”*—& /*"V./*C/P)--/
Name Signature”

Manager

Title
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