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Mr Michael LaFronza, Radiation Specialist
Nuclear Materials Inspection, Section fax: 630-515-1259
U.S. Nuclear Regulatory Commission voice. 630-829-9865
RegionIII
801 Warrenville Road
Lisle, TT 605M 4151

Re. Efiluent Relea>cs to the Sewer

Dear Mr. i.aFmnw

Based ou uus accent telephone conversations, I request your approval to release our
collected liquid effluent and our near term continuation as discussed below. This is for both our
chemical process and our fume scrubber liquids. Longer term solutions will be discussed as we
develop our plans.

The following qualifications apply:

Oualifications for Release:

1. It is sufficient to demonstrate compliance with 10 CFR 20.2003(a)(1) regarding solubility
of material released to the sanitary sewer by passing all liquid effluent in yucsLion through
a 0.45p or smaller filter.

2. Total activity levels of material released to the sewer will he within release limits. In the
short term, we will sample every drum until we have an agreed-upon sampling and testing
protocol.

(As an example, the attached spreadsheet output represents typical activity and percent of
limit for a 55-gallon drum of process water. If a sample of a 55-gallon drum has on the
order of 3x10~5 pCi/ml or less of total activity, its release represents about 1% of our
monthly limit assuming all activity in due to Th-232, which is a conservative assumption.
If you assume the activity is half from each of Th 232 and Th-228, the number becomes
approximately 0.6%. Includmg activity from any other isotopes reduces this number
further.)

|

..

E-Mail: marketing @ CERAC.com URLt http://www.cerac.ccr.)
Specialty incrumdem Thin ritm Matettats Sputtering Targets ProdVCOon Quanmy anc Smali-lot Manufactunng Custom Preparations

9704170385 970326
PDR STPRG ESGNM

PDR



m (gynr.r varuru turunre wea, a.w . ( ue.:,uuo 1

'* '
. <

, ,

[ . .

!
'

* .
CERAC. incorporated

,
I

| 3. For short term verification of filter integrity, we wi!!:
L a) Change the 0.45p filter at least once per month (represents about 600-1000'

gallous)

b) or more often if determined necessary (e.g. after we process the dmms we have
collected) !

| c) or as we change process streams. For example, process water is typically pH of 8
or higher and scrubber water is ' bout pH of1-2 We would change filters beforea
fdtering one aAer the utlw. '

d) As an additional safety measure, we will put a 0.20g filter after the 0.45u filter and
pass all liquids through it as well. This 0.20 filter will be changed whenever the
0.45p 61ter is changed

Ilook forward to your quick reply on this matter.

Sincerely,

7. ,4 * A^
. , .m

Dr. Mitchell C. Colton
Radiation Safety Officer
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Calculations for RAM water dispostli

; 3E-07 uCi/mlTh-232 monthly average release to sewer I
| 10 CFR, pg 447,1/1/92.(roost restrictive)

,

6E-07 uCi/ml U-232 monthly average release to sewer
10 CER, pg 447,1/1/93 (most restrictive)
3E 06 is for U nat

6E-07 uCi/mi Ra 226 monthly average release to sewer
|

10 CFR, pg 447,1/1/93
'

i

1.110E-01 uCl/g Th-nat activity
6.77E-01 uCl/g U-nat activity, depleted is less
3.00E-01 uCl/g, specific actMiy for depleted U !

water results.
pCi/l x 1E-9-uCi/mi
each drum = SS gal 216,216 |

or 208.191.81 ml

| water from: 2190 cuf n '"% g/ month allowable
''

4/s57/93 1,039,120 galf Th U
| 6.20E+09 ml
' low estimate 2.07E+09 ml/ month-avg 5586.293 1831.842

recent months have been higher

208191.806 mi process water / barrel (=55 gal)

| 2.0689E+09 mi sewer water / month v6

Conc / Activity Units UCl/ml/mont % of monthly limit
3E-05 uCi/mi 3.0218E 09 1.01 %

per 55 gal barrel
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UNITED STATES Attachment C*.+
-NUCLEAR REGULATORY COMMISSION

. .

,

OFFICE OF NUCLEAR MATERIAL SAFETY AND SAFEGUARDS
WASHINGTON, D.C. 20555

\ ;'
s January 28,.1994 ,

'

! NRC INFORMATION NOTICE 94-07: SOLUDILITY CRITERIA TOR LIQUID EFFLUENT!
RELEASES TO SANITARY SEWERAGE UNDER THE

j

l

REVISED 10 CFR PART 20 i
\ N j

Addressees

All byproduct material and fuel cycle licensees with the exception of
licensees authorized >ulely for sealed sources.

! Purpose
i

| The U.S. Nuclear Regulatory Comission Is issuing this information notice to
emphasize the changes in 10 CFR Part 20 with respect to liquid effluent
reiweses to sanitary sewerage and to encourage you. to prepare for these -revisions. It is expected that licensees will review this information for

| 4pplicability to their operations,. distribute it to appropriate staff, and!

consider actions to prepare for, and incorporate, these changes.' Suggestions
contained in this information notice are only recommendations; therefore. no
specific action nor written response is required.

.j
Backcround

|

|_ On December 21, 1984, NRC released an information notice documenting several
instances of reconcentration of radionuclides released to sanitary sewerage
(IN No. 84-94, ' Reconcentration of Radionuclides Involvin j

5anttary Sewage Systems Permitted under 10 CFR 20.303'). g Discharges into
.

Several other
instances have since occurred in Portland, Oregon; Ann Arbor, Michigan; Erwin.
Tennessee; and Cleveland, Ohio. The primary contributors, in some of these

|
1

cases, appear to have been insoluble materials released as dispersible
i! particulates or flakes. This issue was addressed;again on May 21,1991, by '

i. NRC, when it published its revision of Part 20 in the Federal Reg.tster'

(56 LB 23360), which removed insoluble non-biological material from the types
of material that may be released to sanitary sewerage. Relative to this ~
issue, the NRC Office of Nuclear Regulatory Research is conducting a study to

' clarify the mechanisms underlying reconcentration in sanitary sewerage and;

isewage treatment facilities.
.

M0124vu5v Ip.
*

Sanitary sewerage is defined by 10 CFR 20.1003 as "a systea; of pubifei
sewers, for carrying off waste water and refuse, but excluding sewagt treatment
faYilities, septic tanks. and leach fields owned or operated by the l_icensep

'

[emphasisadded)."-

i
. _ . _ - _ - .. .- , -- .
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Description of Circumstances !

| !

To help prevent further reconcentration incidents at public sewage treatmentfacilities, 10 CFR 20.2003(4)(1), [effective January 1,1994, was written asfollows:
'

!

.

520.2003 Disposal by release into sanitary sewerage !
! '

if each of the following conditions is satisfied:(a) A licensee may discharge licensed material into sanitary sewerage
!

(1) The material 15 readily soluble
biological material) in water; and...(or is readily dispersible i

However, this revision to Part 20 did not contain an operational definition of
.how the solubility of a material may be demonstrated. solubility, and this precipitated many questions, from licensees, concerning

-

demonstrate compliance, these licensees were unable to determine whether newWithout the ability to
procedures should be developed, new treatment systems installed, or whether

doses as low at is reasonably achievable (A!. ARA).they should apply for an exemption, based on the principle of maintaining all
Discussion

in some of the known reconcentration incidents, the greatest reconcentrations
,

!
appear to have been due to compounds released to sanitary sewerage that werei not soluble. There are many approaches that may be used to determine a; chemical compound's solubtitty in water. The following discusses two of the.more common approaches:

Direct W.ermination of Comoound Solubility Class. Formal Solubility.
.

; 1.
'

or Solu)i' ity huduct (KJ

This approach would be applicable whenever there is sufficient
knowledge of the chemical form of all materials ccntained in the|
liquid effluent at the point of release. With this knowledge, it|

would be possible to use one (or more) of the following methods:

(a)' Solubility Class Determination:

| The solubility class of the compound to ha released could bej
determined directly from common literature data (e.g., Handbook of

\

|
Chemistry and Physics - CRC press, and lynge's Handbook of
Chemistry - McGraw- Hill Book Comparv . If a compound is
classified as *v s' (very soluble) or)"s" (soluble), this wouldi

indicate the compound is "readily soluble " On the other hand, if
it is classified as "i" (insoluble), "s1 s" (slightly soluble), or
"v si s' (very slight)y soluble), this would indicate materials
that are "not readily soluble." Certain compounds are designated
as class 'd*-(decompose). If the decomposed species of these
compneinds are classified as either 'v s" or "s," thic would
indicate that the parent compound is "readily soluble." If these
decomposed species are :imple ions, such compounds (cla_cc id")

,

: :. should be considered "readily soluble.",

i

j .-

, y ~.g --=r 8r- "'
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(b) Solubility Product (K ) Determination:y

The solubility product constant of the compound could also be used
to determinc if a compound is readily soluble in wter. The
solubility product constant, r , for a strong electrolyte Q isy
expressed as:

[N)" [A]*K, -

where [H] and "m" are the ionic concentr4 Lion (mole / liter) and the
number of moles, respectively, of the dissolved cation; and [A]:

and "a" are the ionic concentration 4nd the number of moles,
respectively, of the dissolved anton.

For a simple electrolytic compound, with one mole of a dissolved
cation specie > dnd one mole of a gissolved anion species, a K
greater than 1.00 E-05 aole*/ liter. would indicate that a comp,ound
is "readily soluble." For other compounds with more complex.
dissolution reactions (i.e., more than one mole dissolved for each
species and/or more anionic or cationic species present in the
dissolved products), the K, const:nt would increase

,

i

exponentially, based on the number of moles and/or the number of'

dissociated species.. For example, if three moles are present (two
for he enlun and one for the cation), the unit of K
mole}/ liter , ,and thg; corresponding K, would be (1 E45)gid be

w
34 or

3.2 E-08 mole / titer the same principle could be applied for
more complex dissolution reactions.

(c) Formal Solubility Determination:
4

'

Compound solubilities (g/100 ml or mole fraction per 100 ml) are
also listed in the chemical literature. from a review of general lscientific literature, " formal solubilities"" greater than 0.003
mole / liter would indtrate that a compound is "readily soluble.* ,

|
t

i

" The general relation between the formal solubility, 5 and the solubility !product. X,. of a strong niectrolyte M,A, in water is give,n by:
{

-" n,
6-

8 m 'a ' ,
where K is the solubility product, (M) is the molar concentration of the nietal
lon(caEion),:A is the solar concentration of the anion. "m" is the number ofmoles of disso' ve)d cation per mole of dissolved substance, and "a" is the number
of moles of the dissolved anion per mole of dissolved substance.

i

for further discussion on the determination of solubility products and foreal
salubility, refer to Chapter 6, " Precipitation and Dilution,* frbm Vater '

,

Chemistry, by Vernon 1.. Snoeyink and David Jenkins (John Wilny and Sons: 1993)
or texts relating to physical and/or analytical chemistry.

___ .
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Formal solubilities less than o.003 molc/ liter would indicatecompounds that are "not readily soluble."

It should be pointed out that all values mentioned above (e.g.,
solubility class, formal solubility, and solubility product)
correspond to measurements. taken under standard conditions (e.g.,
25'C,101.3 kPa, pH of 7, and E of 0.-

n

2. Filtration and Radiometric Analysis of Suspended Solids

This appruecle m4y be used if knowledge of the chemical form of all
materials contained in the liquid effluent at the point of release is,

incumplete. It is most applicable when releases are made in a batch,

; mode. ' This approach involves the use of standard laboratory
i procedures to test representative samples of the waste stream for the
i presence of suspended radioactive material.
,

The following two laboratory procedures were developed specifically to,

i determine the suspended solids content of water: ASTM Method 01888-'

78, " Standard Test Methods for Particulate and Dissolved Matter,
Solids, or Residue in Water," and the American Public Health;

Association's Method 7110, " Gross Alpha and Gross Beta Radioactivity
(Total, suspended, and Dissolved) from Standard Methods for the*

Examination of Water and Wastewater. It should be noted that ASTMi Method 0 1888-78 was developed to measure the total suspended solids
content of water, not just the radioactive portion. In either case,,

C
activity in the suspended solids portion of effluent greater than that
found in stellarly processed background water samples would indicate
the presence of insoluble radioactive material.

Whether one of the above approaches or a self-developed alternative is used,
it is a good health physics practice to document this approach in the form of
a procedure. Procedures such as these usually include provisions for the
documentation of any models
quality control measures use,d. calculations, analytical measurements, and/or -This information is usually maintained with
the applicable release records, to demonstrate that the developed procedure
will ensure compliance with the regulations.

If material to be released would not qualify as being 'readily soluble,"
10 CFR 20.2003(a)(1) would prohibit release to sanitary sewerage unless an
exemption has been granted. Exemptions vill be judged on'a case-by-case
basis, when it is demonstrated that release to sanitary sewerage is in
accordance with the ALARA principle,' consistent with applicable regulations,and in the public interest.

It is expected that licensees will review this information for applicability
to their operations, and consider actions, as appropriate to their licensed
activities, However. suggestions contained in this infonnation notice are not
NRC requirements; therefore, no specific action nor written response is
required.

, s. - 5.
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,

if you have any questions about the information in this infonnation notice,(- please contact one of the technical enntacts listed halow or the af.propriate| regional office.

Tw.sTP T[ j
Robert F. Burnstt, Director Carl J. Paperiello, Director
Olvision of Fuel Cycle Safety Division of Industrial andand Safeguards Medical Nuclear Safety
Office of Nuclear Material Office of Nuclear MaterialSafety and Safeguards Safety and Safeguards

!
Technical contacts: Rateb (Boby) Abu-Eld, 255

(301) SO4-3446
*

Cynthia G. Jones, NMSS
i

(301) 504-2629 '

Attachments:
1. List of References
2. List of Recently issued HMSS Informaticn Notices
3. List of Recently Issued NRC Infonnation Notices

|
|
!

|

|
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Standard Test Methods for l .M,Qw a [
PARTICULATE AND DISSOLVED MATTER, SOLIDS, OR) ' al) '

.

~ m n'y N ' ?'! ma
t-

,.e

j e 'Q(
RESIDUE IN WATER'

1

f sS . p p.** * L '|$ mancdiately rollowmg the desegnauon indacanes the year ort n reapproval.'.

N eynal adorenin ear.en the caer sir ervenson.the year orlas sevnnm. A aveher en parenthenes sadicates the year o a
h

Ins sandard a usued ender the f sed desegnatum D I#Rs.shc avai er e '.
the lata ervemon sw erarecoval,

*

i
4 espersmps epuhen t,Nadecanes an edemal Aaner enw4 Defense endfew lostrng en she DoD Inde.s of"

14sr orn northra\fs here A.ren egogvenssije esc b.c agerines elthe ikywormenu e
it1 , * .

c .
r,

tok n-. .-.nd.o eenumbered in January 19:5. g ' *
.

'Nors scetion 2 eras added edisonally and spherquens seniuns
-

%
j assumed. It is (unhcr prosided that all buoyant gfin-

goanng panicles or large paniculate agglomera-uons that cannot be dispersed throughout the. L Scope
) :ntd 1.1 These test methods cover the determina,sampic by vigorous shaking need not be consid.;I.j

.

f n.Th E:m of particulate, dissolved, and total matter,
| rem

cred as fundamental constituents of the water
'

sometimes referred to as the suspended, dis.
'

under examination and may be excluded, there- ,"jd s
,y sk solved.and totalsolids.ie water.Two proce ureforc (mm the test portion,

per. ,4
8i .-

f relee. consistent with the total matter content.are pro-I A The test methods include steps for the ,

C

J . such rided as follour
,

;

dw from enher libration or cruporation. They
w in.ns

!

Method A-Panicufw and Dmnimf do not, however, etwer water constituents that
* ature

mpics 1
are ( / ) votatile at Ihe boihng temperature, or ( )blatter in Water unh Min e lhan 23 7 so i t l

normally classi' led as ** oily matter," which is
r ters-

ppm of Tosat Mauer .
.

.

,4

W B4amcuta and Gui*ot
Matict in Water mHh 2. ppm or 1.cu of estractable with organic solvents or volatile ati atures 4 ,,

4 to :u id Fr
y,g,g u,,,,, g3,,,,n,gge g vaporat on) the dryingtemperature of 6hration res ues. of

Test
|ma 12 The test methods actually cover the deter-the determination of the fatter, refer to ,

y ,;g m,m,ation of(l)the constituents of water that can Method D 2778. ,

he removed by lihration. and (1) the residue on| g, ,
evap ration to drvness of either fehered or until-1 ,

f utions tered samp!cs; as a result, they do not always2.1.MN Sirmdede
U IOM' Practice for Sampling Steam!measure water components as dc6ned. Separa.

tion of particul.ite matter by 6ttration requiresD|129 Definitions of Terms Relating to;

precise de6nition of the fihenng medium sincei W alef

rome materials that are in no sense dissobed. for
D !!92 Specification for Equipment for Sam-|g" |

esample, certain colloids, snay not he remoted |ph,ng Water and Steam- ,
,'

D 1193 Speci6 cation for Reagent Water|f by the fiber used. Secondly, an evaporation resi.
'

due will usually difTer in composition from theD 2778 Test Method for Solvent Estraction of
,

f , ,,j,,
Organic Matter from Water'particulate and dissolved maner present in theD 3370 Practices for Sampling Water |

2y
;

1.3 When particulate matter is determinedThese see meshads are . 4er the jumdicuon or Asthewaier and are she sirvei eespons.tniay or
water.,o,,,,d a

3
separately (the sample is Ghered and the residue

""**d"1 i

wasu. 1comm,nce D.19 on
s ticommeuw Da os on taoganic Connauents inQuantitatively assessed), provision is made forCurrent ediuon approved Apnl 28.197s. Putilished August

, , t .. !
,

'

the use of either a membrane liher that willora ong,nati,,,w,,hed ,, o ass .6i T. tan previous e+. 4 !p.,,,,,,,
Itmove all panicles over OA$ pm in size or ans>oa D toss - 67 iie741.d.ru net

'*' |I r baiderds, <

asbestos 6ber medium in a Gooch crucible. How-,[8,p 'd ""*g va

ever, unleg othtrwise speci6ed when resuhs are
,

' Di t

vai s s 02.

reponed, use of the membrane faher shall be
' 8'

, .w
217 *$.
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D'0"U'"' all tests. U nlea utherw ise indicated. it is intended
8. Summary sf Method 11.2 Particrefate Marter-This dett.tminatbn

3.1 The terms partic #/are matter. dinede that all reagents shall conform to Ihe specifica. 8.1 Total matter is determined by evaporation shaft preferably be made using a membrane filter -

'atter, total marier, and others related to water tions of the Committee on Analytical Reagents of an appropriate aliquot, or the particulate and fonowing the procedue given in 18.3.1, except ,

mstituents determined in these test methods, of the American Chemical Society. where such dissolved matter are separated by filtration and that a 0.2-mg residue from the solvent washm.gs

e dcGned in accordance with DeGn tions spenGcations are as ailable.* Other grades may be individually assessed. The particulate matter is shall be permissible. The less desirable alternative
use of an asbestos liber medium is described m

* 1129 as fi>llows: g ened. prmkled it is first awertained that the | dried and weighed.The dissolved matterisdeter, 18.3.2. In either case the filtrate shall be imme-3.1.1 enin ri/ute nruncrl that matter, exdu. reagent is of sulkien ly high purity to permit in mined by weighing the residue obtained after
ve of gases.cxisting in the nonliquid state which use without lessening the accuraev of the deter. evaporating the filtered sample. Volatile matter diately acidified with 0.2 mL of hcl (sp gr 1.19)/

'

dispersed in water to give a heterogeneous mination. snd Gmed matter under any of the above classi. 1. of water unless the sample contains significant '

is t u re. 5.2 Unlew othemise indicated. references to fications are determined by weighing the residues amounts of alkaline chemicals, for example, so-

3.1.2 dinn/m/marter-that matter,enclusive water shall be understood to mean reagent water remaining after ignition at a temperature of dium hydroxide (NaOH), whose composition )
would be alTected by the acid; acidiGcation will

gases. which is dispersed in water to give a mnfonnmg to SpeciGeation D 1193. Referee 600'C
prevent deposition of iron on the sample con-

9gle phase of homogeneous liquid. grade reagent mater shall be used for Method A
31.3 sotalmniter-lhe sum of the particulate and the nonreferee grade for Method B. Apparstus tainer.

II.3 &al &nce aird Dism/ red Maner-
id dissolved matter. 5.3 thepi liir cimcentrated hsdrochloric acid 9.1 Sainp/c Reservoir-A chemical-resistant

Transfer the sample ahquot provided for total
3.1.4 m/<rtr/c r, tatter-that matter that is OICL sp gr 1.19). reagents neluding reagent wa. container of ' to 4.L capacity.

matter determination (I1.1) or the filtrate ob-
tanged under conditions of the test from a solid Ier should he membrane-Gliered prior to use. 9 2 .1/cmbraire Fil!rr Assembly-See 16.4

tained from the particulate matter separation
a I: quid state to the gaseous state, 9.3 Clair M1rt Dis /r.150-mm diameter.

(11.2) to a sample reservoir having a valve-con-6. SampHn2 9.4 F,Iscr cre,cabic-See 16.6.3.l.5 fiard marrtr-residues remaining after
nition of particulate or dissolved matter, or 6.1 Collect the sample in accordance with the 9.5 &aterating Dish-A straight-wall or trolled outlet. Fill an evaporating dish that pre-
ith. applicable ASTM standard, as follows: Practice round-bottom platinum dish of 80 to 100-mm viously has been tgnited at 600 25'C for I f,

cooled in a desiccator, and weighed, to withm :
3.2 For dcGnitions ofotherlet ms used in these D 1066. Specification D 1192. and Practices diameter and approsimately 200-mL capacity. A

st methods, refer to DeGnitions D 1129. D 3370. porcelain dish may be substituted for the plati- approximately % in. (6.3 mm) of the top with !

~ the sample from the reservoir. Heat the dish to
6.2 Because of the low concentration of total num dish if the residue is not to be analyzed.

I"'"ferences matter in some waters and the possibic clTects of 9.6 Ilecircr-A controlled electric hot plate, evaporate the sample, but do not allow the sam-
,

'

4.1 Some evaporation residucs readily absorb aeration on others samphng shall be errried out infrared tamp, or steam bath for maintaining the pie to boil. Periodically add sample from the
reservoir to the dish to prevent drying until the

oisturc; rapid weighing is essential to this in a matter w hich reduces atmosphenc exposure temperature of the evaporating sample near the reservoir is empty. Rinse the reservoir several
.: method. Some residues contain materials. to a nWnimum. T he t> pe and sitc orthe enntainer boiling point.

'' * * * * * "I # " " E* *#
ch as ammonium carbonate, that decompose shall he consistent with the nature of the water tents of the evaporating dish. Then evaporate the
low 103*C. others contain liquids, such as glyc- being sampled (see Ifi.1 and 19.1). 10. Reagents

remamder of the material m the dish to near
>l and sulfuric acid, that will remain as a liquid U hmples mntaining 25 ppm or less of total 10.1 C44,rokrm or Benrene, puriGed or USP .

dryness. Transfer to a 103*C oven and complete
.idue at 103*C with or without solution of salts mauer on u hich only the total matter content is grade. the evaporation. Dry the dish and its contents
at might also be present. to be determined shall be immediately acidiGed 10.2 /]hdel/co/ro/(95 %). ** "* 94.2 Rapid weighing of ignited residues, n!so, with 0.2 mL of concentrated hcl (sp gr 1.19)/L Notr I-Specially denatured ethyl ateohol con- Repeat the cycle of drying (1-h periods).coolmg
mportant because of possible moisture absorp- of water to prevent iron deposition on the walls forrning tn Formula 3A or 30 of the U.S. Buren or

of the container. If wisculate matter is to be Internal Rmnue may Ir substituted for ethyl alcohol and weighing until loss in wc:ght is no more tha t
,

n. l'urthermore there is likelihood cfinterfer. t 4 % of the previous weight. Record the weight of19WLce from carbonates, organic matter, nitrite and separately determined, the sample, regardless of residue as "we,ght of total matter" (or, if thei
rate mirogen. water of hydration, chlorides total maner wment. shall be littered as soon as 80.3 //n/rech/orirefrid(sp gr I.19)-Concen-

sample had been littered. " dissolved matter").<

d sulfates which may be decomposed either P055'ble (see 18.3) and then acid lled. trated hydrochloric acic (hcl). Ignite the dish contents for 30 min at 600125*C,
npletely or in part when ignited at 600*C; No SIElliol) A-I An ticut.NIE ANi> 11, Procedure cool in a disiccator, and reweigh (see d.2). Record
gle temperature is known that will eh.mmate

.

I)t%OI.\ t'll SIATIER IN INDUSTRI the loss -m weight as weight of volatile matter"-

these interferences. Reasonably reproducible WAIER Milli MORE TilAN 25 PPM'st 11.1 Weigh a quantity of sample sufficient to

uits should be obtained. however, at the pre. 'IOIAL at WlER yield on evaporation approximately 25 mg of (O'", volatile dissolved matter") and the weight ofOF
,

the samted res:due as " weight of fixed matte
residue if only the amount is to be determined,ibed 600*C. - "

(or " fixed dissolved matter").
1.3 Decause the water being sampled is of or at least 100 mg if this residue is to be analyzed.*

j ressity in contact with the sample container 7.1 This method is primarily applicable to The sample shall be well shaken before removing 12. Calculation
i tubing, it is important, especially in the case water that will yield a residue on evaporation at the aliquot and inclusion of floating material or

12;I Calculate the result of each speciGc de-
glass, that the possible precipitation of cations 10TC of at least 25 mg/L agglomerates that cannot be dispersed shall be termmation m parts per million, as fo!!ows:
the absorption of substances originally present avoided. If only total matter is to be determined,

Maner, ppm = F,/n x 1000
''#"' **""#* ^ **"'* * C"'***' 5***') S P'''f" without classiGcation, proceed in accordancethe water, on these surfaces, be reco$nized- cations. Am, chemurd soc., Washington. DC. For suggestions with Il.3. If both particulate and dissolved mat- where:

6
,

.

on the icuins or,casems noi huco tw inc Ame,.c., enem,,,,
Pun.ty of Rengents sw.ci3. w -ne,,em enem,cai, ,,4 si,,o,,o,, in o,eph ter are to be determined, proceed in accordance W, = We = grams of total matter found,s

il Reagent grade chemicals shall be used in tNi i, i .$ with I I .2. It', = grams of particulate matter found, j" ' " ' * ""'h'

..n ,

|
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'

tv, = grams of dissolved matter found. requirements. The residue is dried and weighed. of the water level in the plitinzm dish is effected complished by a level switch on*the cohter
IV, = grams of volatile mattar found. Volatile matter in any of the thrc classifications by a fanacitance-type electrm!c or antenna which balance arm t<nd this actuites the water sample'
IV = grams of volatile particulite mitter is subwquently removed by ignition. The totd, can be made conveniently of a Itt coil of plati- valve. Control efTected by counter balance'qm

3

found, particulate. diwolved, volaide, or Gmed matter num mire (16 to 20-gagel. The antenna is sus- can be dampened by a dash pot. If desir"c.d. a'

51". = grams of volatile dissolved matter are then calculated from the various weights ob- pended from a stainicss stect arm which makes timer mechanism can be installed to record the

found, tained contact with the electric control circuit' through volume of water evaporated. Cahbration of this
it', = grams of Gmed matter found, a terminal post. A change of the water level assembly is accomplished by using a calibrated

16. Apparatus activates the shut-off valve';if the water level in sample reservoir and timing the addition andir. = grams of Gmed particulate matter
found, or 16.1 Sample Reierr,nr-A covered, 20 L (5- the platinum dish does not return to the upper evaporation rate. This calibration will have to be*

15', = grams of fixed dissol*ed matter gal) container of corrosion-resistant metal, suit- level control within 45 s after reaching this lower carried out under atmospheric conditions similar

found, a nd abic plastic, or chemical. resistant glass with nec- level of capacitance control, the current to the to those pertaining at the actual sampling loca-
= litres of sample used. essary tubular connections. Most waters with ring heater is broken by means of a time inter- tion."

12.2 when particutate and dissolved matter very low total matter exhibit a pH in the range lock. The purpose of this interlock is to prevent 16.2.2.3 Wiring Diagrarn-The wiring dia-
inve been separately determined, total matter, from 6 to 9. For samples of such waters. con- the drying of the dish at a temperature above the gram for this assembly is also shown in Fig. 3.
olatile matter, and fixed matter can be calcu- tainers of TFE nuorocarbon block tin, polyeth- specined 103*C (217*F) level, should additional 16.3 Sampling Device (see Fig. 5)-A cooling

sted by adding the two appropriate values. ylene, or chemical-resistant glass shall be selected sample fail to reach the dish. Since the 45-s timer coil with overnow pipe and solenoid valve suit-

12.3 If asbestos fiber filtration was used for with that order of preference, dependmg upon automatically turns off the heater when sample able for simpling from a water source to a con-

he removal of particulate matter, it is mandatory the purity. Dow is interrupted, an additional timer is incor- tinuous sampic evaporator. (The cooling coil is,

hat this be stated when reporting either partico- 16.2 . lur<nnartc Duperation Assembly-A porated which may be used upon completion of of course, necessary only when sample is above

ate or dissolved matter. Otherwise, use of a dust shield, constant-level device. heater, and evaporation to keep the heater on for a speciGed room temperature.)

nembrane medium shall be assumed, evaporation dish. Typical assemblies are de- time period to lower the water level in the dish 16.4 Membrane Filter Assembly-A borosili-
scnbed in 16.2.1 and 16.2.2. and thus facilitate its removal from the test as- cate glass or stainless steel funnel with a Dat,

13. Precision 16.2.1 &aporation Assembly A (Fig.1): sembly. An overnow device is incorporated in fritted base of the same material, and membrane

13.1 No statement can be made concerning 16.2.1.1 Drest Shicid-A heat-resistant cover the assembly, also. A platinum wire electrode is filters (0.45-pm pore size) to fit.'

:he precision of this method. The precision is glass enclosing the Monel-sheathed ring heater, positioned so that its tip is suspended slightly 16.5 Glass Perri Dish-150-mm diameter.

influenced by both the nature and the amount platinum evaporating dish, antenna, and electn- above the normal water level in the platinum 16.6 Filter Cnicab/c-A Gooch W-ible con-
af entrained matter and by the elTects of drying cat terminal posts, witn provision for introducing dish. This electrode serves as an additional upper- taining an evenly distributed filter m-* ?i proxi-

.ind ignition on its actual composition. the water sample through the base. Minimum water level control shotild a failure occur in the mately 5-mm thick and composet li-
practicable enclosed sp3ce is necessary to prevent capacitance system. vided asbestos fiber, produced by p; . Gay

MEIlIOD B-PARTICULATE AND
DISSOI.VED M ALTER IN INDUSTRIAL

condensation on the cover. The top of the dust 16.2.2 Emporation AssemblyB(Figs 2,3 and of acid-washed asbestos into the cruoble under

WATER WITil 25 PPM OR LESS OF TOTAL. shield is covered with a ' dunce cap" to prevent 4). slight suction.

M ArtIP (AtrlOM AltC EVAPORATION) foreign t.utenal from dropping into the dish 16.2.2.1 Drot Stric/d-The dust shield com- 16.7 Evaporating Ddh-A straight-walled or
while permitting free passage for the moisture- partment consists of a heat-resistant glass belljar round-bottom platinum dish of 80 to 100-mm

g 3 cog
.

laden air. An open-bottom aluminum platform equivalent to that used on assembly "A" and is diameter and approximately 200-mL capacity.
14.1 This method .is intended primanly for supponing two filter cylinders and having an contained in an enclosed dur-shielded compan-

steam condensate and distilled or demmeralized opening under the glass cover is provided to ment. Air is provided through an external filter 17. Rengents
water that contains 5 ppm or less of total matter. supply littered inlet air. Either a seal must be source into this shielded sample companment. 17.1 See Section 10.

Because of the automatic evaporation feature, provided or filter material used between glass 16.2.2.2 Evaporator Assembly-The evapo. |

the method is desirable for use, however, on all cover and the platform as well as between chassis rator assembly as shown schematically in Fig. 4
'

,

and platform. consists of a balance,' one arm of which extends N;a,IagN,ooIgo,7,[NJ S, $, ,7sNj;U,e',Y,waters containing up to 25 ppm of total matter,
particularly if a large residue is desired for c em- 16.2.I.2 Emporutor Auembly, as shown un- into the dust shield companment. The balance has been round miesraciory ror i%s p rpme.

ical analysis' der the glass cover--The Monel-sheathed ring arm extending into the dust shield holds a plati- pi,,,,',L"'*"syy''"Q['*y's ['dj*Th
<

o
15. Summary of Slethod heater is suspended over the platinum evapora- num sample dish Also extending into this com- opermied valve (No.1000A 2.way Dems G 303 with No So49 Il

*

I5.1 Total matter is dgtermined by evapora- tine dish by two stainless steel arms which are
partment from tha balance base and mounted in stainlesa diaphrasml man.ractured by the G. W. Dah! Co, ine.

adstol nt have been ro.nd iniisractory ror this p. pow. The-

connected through the electronic control system the dust shield companment is a heater connec- o,hl verve must be cowpied with a so6enoid air valve such as

tion * or the particulate and dissolved matter are to a power circuit contaimng a timer. The plati- tion consisting of the necessary wiring cormec- the Skinner Deet 6e Vaive. 3--ay. vemed. Na v5D4200 man-

separated by filtration and mdividually evaIu- d h a hinum pWe tions and a Monel-demhd ring heatu simik Co 100 Edsewood Ave, New Bntain. CT.or its eituivstent. It
uractured by skinner Eiecine Valve Div, The,$kinner Chuck

Pated.The particulate matter is dried, freed of oily
matter by extraction, dried again, and weighed

provided with leveling screws so that the distance to that used m. evaporator arsembly A. In add.i- is imperative that new valves te seseed to determine that con-

from the dish to the heater can be adjusted. A tion, a solenoid water sample valve' is provided tamination dot * ~ A occur rrom mechan cal wear on materists

The solution of dissolved matter is evaporated to stainless steel inlet tube is used for addition of with a %-m.. (3.2-mm) outside diameter stainless 'The baiance man raavred t.y the risher scieniine Co.,
.

orconstruci.on.

dOness u ng a dish provided with a constant. sample at the pouring spout of the platinum steel tubing connection feeding into the shielded Cat *s No. 2435,or its equivalent. has tven round satisradory
level control. SulTicient sample s evaporated'to sample compartment and then to the platinum ror. ins porpose.i

vessel. s.iindse membrane nrier hotoer ana ntiets H Aw-ro4700,
gisc the desired accuracy for the measurement In t 3 Nnunc Comrol Circent-Control sample dish Automatic sample addition is ac- m ava iabie rrom Mithpore co. Dedford. M A
and prmide ample material for other analytical

w~
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* **e18. Proced:re 18.3.1.2 Wet the control filter (C) with the Non 2-5mte asbestos riber fihers are generally addition of 7 to 10 g weights t3 the tart weight
, .

18.1 Sdect a volume of sample sufficient to s mple water from the litter flask, and place it consMered a han a pore cre cr 5 pm. no process or of the evaporating dish on the counter weight'
yic!d tn evrporation residue ofrpproximately 25 h in the petri dish. [8$* , "g ' { *,U'"* *'"''"' arm of the balance. With the top of the shiel3ed

*D

mg ifc.nly the matter content is to be determined. I3 3.3.3 Place thepetridishin thedryingoven compartment removed, manually trip the level
or approximately 100 mg if the evaporation res- at 103*C for 30 min: allow the filters to cool to 18.3.3 Immediately acidify the filtrate and switch on the counter balance arm several times
idue is to be analyzed. room temperature and equilibrate to ambient washings with 0.2 mL of hcl (sp gr I.19)/L of to actuate the water sample valve and flush out

i8.2 If both particulat and dissolved matter humidity aller removing from the oven. and water. the samp!ing eine.Then place a carefully cleaned
are to be determined, procped in accordance with rewreigh. 18.4 Total Matter and Dissolved Matter- and weighed platinum dish on the balance pan
18.3; if only total matter is desired, follow the 18.3.I.4 Record the weight of particulate mat. Weigh a platinum dish that has been dried for I in the shielded compartment. Place a clean bell
precedure starting with 18.4. ter adjusted for the difTerence between final and h at C3*C and cooled in a desiccator. Using jar carefully on the seal mounted on the support

18.3 onfirrdaic Matter-This water compo. initial weight of the test litter as " weight of par. Evaporation Assembly A or B start the evapo- plate in the dust shielded compartment (Fig. 4).
nent is perferably separated by Illtration using .: ticulate matter." Make a positise or negative ration of the selected volume of sample for total Close the shield compartment leaving the vent
memtw.mc having a pore sire or 0.45 pm bec adiustment in the esent of any weight change matter only or the filtrate and washings from the open. Turn on the heater current and observe
13.3.1), an auernative prowdure using an astws. "*'rring in the "contrul" litter, particulate matter removal (see 18.3), as follows- the operation long enough to assure satisfactory
tos liber medium, generally considered to have a 18.3.1.5 Plaec the filter used in the particulate 18 4.3 &aForation .45sembly A-With the performance.
5-pm pore site, is described in 18.3.2. matter deiermmation in a clean. ignited. small, current oft, insert the clean, weighed platinum 18.4.3 When evaporation is almost complete,

18.3.1 AInnbrunc Fahrritirm-Place n + 1 pomlain crucible. w hich has been ueighed, after dish (previously ignited at 600125'C) in the remove the dish from the assembly, transfer to e
plain, white lihcr disk of the prescribed pore site igmtion .ind cooling. to the nearest 0.1 trg. Add paporator assembly and adjust the dish height 103*C oven, and heat to dryness. Continu- heat.
n a 150.mm petti dish, where n equals the approsimately I mL of ethyl alcohol and ignite by use of the leveling settws in the aluminum ing for I h cool in a desiccator, and weigh (see
number of tests to be run. Place the dish and with a matth when the liher is fully wetted. After base. Antenna adjustments, if necessary, may 4.1). Record the weight of the residue as ' weight
ilters in a drying oven at 103*C for 15 min or in the alcohol has burned oft. place'the lid on the also be made at this time, using the set screw of total matter'(or,if sample had been filtered,
i vacuum dtsiccator for 30 min. If oven-dried, crucible and ignite it in the furnace ai 600 m provided at the end of the antenna arm. Turn on dissolved matter'). Ignite the dish and contents
tilow the Ghers to cool to room temperature 25'C for at least 30 min. Remove the crucible the circuit and heater switches and set the control for I h at 600 2 25'C, cool in a desiccator, and
while carosed to the air. Weigh each G!ter to the from the furnace and allow it to cool to room knob on the relay to allow water to rise to the reweigh (see 4.2). Record the loss m weight as
acarest 0.1 mg. With most balances it is desirabic temperature in a desiccator. Remove the crucible proper level with respect to the antenna and the " weight of volatile matter" (or " volatile dissolved
a have a poloniu m alpha emitter source to dispel cover and ueigh Ihe crucible to the nearest 0.1 desired water level in the dish. It is advisable to matter"), and the weight of the igm,ted residue as

,

frects of static cicetricity. Label GIters with ball mg (see 4.21. Record the loss in weight as ' weight operate the relay w,th the water level as close to ' weight of fixed matter'(or ' fixed dissolved mat-i

oint pen and mark the extra Glter C for " con. of volatile particulate matter" and the weight of e antenna as possEe. Oh the evaporator tert
ol." Procced with the filtration in accordance the igmted residue as ' weight of fixed particulate f r a peri d Itime to ascertain the satisfactory
.ith 18.3.1.I throu ;h 18.3.1.5. matter.- operation of the relay and assure the absence of -

18.3.1.1 Place a weighed filter on the fritted 18.3.2 .ls/cim Fi/= r Filimiirne (Note 2)-- boiling in the dish. 19.1 See Section 12.
ase of the liher holder, and clamp the funnel Iilter the selected solume of sample through a appantuno tM most @ nte feaWe @yt the

w mren n
20. Precisionartion of the apparatus in place on top of the fiher crucible (see 16.61 that previous!v has been m

Iter. Place the filtration assembly on a filter dried for I h at IU3*C. cooled in a desiccator, boiling. The adjustment is accomplished by the 20.1 See Sect,on 13.i

ask of appropnate site and with the aid of a and weighed. After filtration. wash the filter cru-
icuum from a vacuum-pressure pump or water cible contents twice with water, transferring the
.pirator, pour the sample into the funnel and filtrate and washings to the sample reservoir for
raw through the filter into the filter flask. Where subsequent determination of dissolved matter as
,mple bottles are employed for collection of the desenhed in iR.4. Dry the crucib!c contents by
.mple, the entire contents of a sample bottle drawing air through the crucible for several min.
40uld be filtered. Wash the bottle with an up- utes; then wash the crucible contents with chlo.
opriate quantity of filterqd water (may be ob- roform or benzene until 10 mL of the washings
med from the filter flask) and pour this also leave not more than 0.1 mg of residue un evap.
to the litter funnel. Transfer sample and wash. oration at IU3*C. Discard the washings. Air-dry
gs to sample reservoir. Dry the membrane by the sediment for several minutes; then place the
swing air through the filter and wash with crucible in an oven at 103*C for I h. cool in a
loroform or benzene until 10 mL of the wash- desiccator. and weigh. Record the weight of the
gs leave not more than 0.1 mg of residue on residae as ' weight of particulate matter " Ignite
aporation at 103*C. Air-dry the sediment for the crucible contents for 30 min at 600125*C,
seral minutes. Discard the washings. Release cool in a desiccator.and reweigh (see 4.2). Record
e vacuum a-d with flat-bladed forceps, remove the loss in weight as ' weight ervo!atile particulate
: filter from the fritted base and place in the matter" and the weight of the ignited residue as
tri dish. weight oflised particulate matter."
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|# RADIOLOGICAL IMPACTS OF EFFLUENT RELEASES TO THE ATMOSPIIERE AND
SANITARY SEWER FROM INTERSTATE NUCLEAR SERVICES

.

ROYERSFORD, PENNSYLVANIA

. i
'

1

*| 1.0 EXECUTIVE SUMMARY

A study was conducted on air and water efiluent pathways of the Interstate Nuclear Services
I Corporation Royersford, Pennsylvania facility. Thirteen possible pathways were examined |

(

using established regulatory guidance and actual data. Results indicate the dose to the

I
maximally exposed individual is approximately 2.86E-1 mrem per year for the general public

'

and approximately 20.8 mrem per year for a wastewater treatment plant worker. Based on
these results, impact on the environment and human receptor from operation at the

I Royersford site has been determined to be within regulatory guidance levels.
,

2.0 INTRODUCTION AND SITE HISTORY

Interstate Nuclear Sersice Corporation (INS) of Royersford, Pennsylvania operates a laundry

I facility under Nuclear Regulatory Commission (NRC) license Number 37-23341-01,
authorizing the collection and laundering of clothing and other items potentially contaminated
with low level radioactive material. INS receives items for laundering from customers
engaged in the production of nuclear energy and the use and/or disposal of radioactive
materials. Air from the plant is filtered, monitored, and released on a continuous basis
Liquid wastes from laundering operations are filtered to remove suspended solids and held in
two 5000-gallon tanks prior to release The liquid in the hold-up tanks are sampled, and once
concentrations are determined to be within regulatory limits, is discharged to the sanitary

INS typically releases 20.5 thousand gallons of wastewater each day, five days persewer.

week to the sewer. Water is also collec.:ed each month as a composite sample and is analyzed.
Analysis of the water released from the phmt has identified a variety of radionuclides including
mixed fission products and activation pro 6ucts.2.0

The Royersford Wastewater Treatment Facility (RWTF) produces approximately 350,000 to
400,000 gallons of wet sludge per year including the discharge from INS. The wastewater,
which is 6 to 8 percent solid, may be processed by several methods before it is discharged into
the Schuylkill River or transported to Pottstown Landfill in Montgomary County,
Pennsylvania. The capacity of the mechanical dewatering system is 775,000 gallons, and
RWTF uses grinding, settling, trickling filters, anaerobic digestor pumping, chlorine contact
tanks, and sludge holding tanks in this process. The plant discharges an average of 0.3722
MGD of processed water in the summer and 0.3355 MGD in the winter into the Schuylkill.
Of the 400,000 gallons of sludge dewatered each year, 100,000 gallons are dewatered through
reed bed processing. RWTF has two reed-beds, one is 28 by 50 square feet and the other is
70 by 50 square feet, and they are designed for a life of 5 to 7 years before sludge removal.
TLD's are placed at various locations around the wastewater plant.2.1 <

$
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I This pathway analysis provides a reasonable model ofInterstate Nuclear Services' operational
efTects upon the off site human receptor. Calculational methods were based primarily on
Regulatory Guide 1.109, '' Calculation of Annual Doses to Man from Routine Releases of
Reactor Efiluents for the Purpose of Evaluating Compliance with 10 CFR Part 50, Appendix
I" (Refer to Section 9.0 for the Dose Conversion Factors used). Additional models were
developed using standard health physics and engineering principles. ICRP-30 methods were
used for estimation of the fifly year committed dose. In all cases conservative assumptions
were made, but actual data were incorporated where possible. All doses were calculated to
the theoretical maximally exposed adult individual.

3.0 SITE DESCRIPTION

The Interstate Nuclear Services Corporation of Springfield, Massachusetts operates its

I Royersford laundry services at 401 North Third Avenue in Royersford, Pennsylvania. At the
INS site, po:entially contaminated laundry items are water-s. ashed in commercial !aundry
units, dried, surveyed for residual radioactivity, and folded before being returned to the
customers

1

4 0 DATA COLLECTION |

For this study, calculations, models, and written correspondence were based on actual INS

I emuent records for 1992, INS facility design data, phone calls to key wastewater treatment
plant personnel, landfill operations personnel, engineering personnel, and other personnel in
state agencies. These sources are identified in Section 10.0. The data assembled are
considered accurate and reliable considering the many conservative assumptions employed in
the calculations. Refer to Section 9.0 for INS plant emuent data.

5.0 EXAMINATION OF DOSE COMMITMENT ESTIMATE TECHNIQUES

| Each exposure pathway was examined using established guidelines and actual data. To
illustrate the methods employed for each pathway, exampics are presented. For the examples, :

Co 60 wa: :e!ected to illustrate the calculational bases and assumptiors. Every effort was '

taken to realistically model the conditions with actual data. To complete the calculational
process for each target organ and for each nuclide, calculations were iterated using a ,

spreadsheet program. l

Calculations were performed for annual and fifty year committed doses. To ensure a

I conservative estimate, dose conversion factors for adults were selected from the tables within
Regulatory Guide 1.109. The dose commitment estimated for each pathway is assumed to be

l
conservative for any individual receptor. The fifty year dose commitments were calculated by {

I E use of conversion factors based on ICRP 30 models, which are found in NUREG/CR-3332, i
| 5 entitled " Radiological Assessment - A Textbook on Environmental Dose Analysis.* !
!

I'

e.

|

.

.
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6 0 SELECTED PATHWAY ANALYSES
.

Several exposure pathways were identified for this study. Other pathways outlined by
Regulatory Guide 1.109 were not examined due to their minimal relative contribution and/or

the absence of a credible pathway. In accordance with Regulatory Guide 1.109, "A pathway
is considered significant if a conservative evaluation yields an additional dose increment equal
to or more than ten percent of the total from all pathways considered." For the purposes of
this study, thirteen pathways were examined although some were less than ten percent of the
total. This was done to ensure a comprehensive evaluation of both the air and water pathways.
The pathways examined were:

;

'

Case 6.1 Dose From Inhalation of Radionuclides in Air,
Case 6.2 Dose From Direct Exposure to Ground Deposition of Airborne

Contaminants,
Case 6 3 Dose From ingestion of Water Downstream From the Wastewater

Treatment Plant / INS Direct Discharge,
| Case 6 4 Dose From fr gestion of Aquatic Foods Taken From Contaminated
| Water Supplies,
! Case 6.5 Dose From Ingestion of Airbome Contaminated Green Leafy

Vegetables,
| Case 6 6 Dose From ingestion of Beef Fed I*pon Airborne Contaminated Green

Leafy Vegetables,
; Case 6.7 Dose From ingestion of Green Leafy Vegetables irrigated With

Contaminated Water,
| Case 6.8 Dose From ingestion of Beef Fed Upon Green Leafy Vegetables
| Irrigated With Contaminated Water,
{ Case 6.9 Dose From ingestion of Milk,
'

Case 6.10 Dose From Direct Exposure to Contaminated Reed bed Sludge,
Case 6.11 Dose From Inhalation of and Direct Exposure to Contaminated

Reed-bed Sludge During Sludge Removal,
j Case 612 Dose From Direct Exposure to Mechanical Dewatered Sludge,
i Case 6.13 Dose From Inhalation ofContaminated Sludge-borne Dust.

;
1

i

k
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Case 6.1 I
, .

Dose From Inhalation of Radionuclides in Air
;

This pathway was examined to investigate the effect of airborne plant efiluent on doses received4

downwind from direct inhalation of airborne contaminants.,

,

Assumptions:
1

! 1. Nearest receptor to the plant, (r = 500 m).
l 2. All releases are considered ground lestl.
I

3. Meteorological condition is E stability class (moderately stable) all year.
. 4 Average wind speed,(p = 2 m/s). (61.a)
{ $ All wind blows to the receptor 100% of the time.
i 6 Chronic intakes (extended over a single year) may be treated as acute for fifty year

committed dose calculations 11 yr intake = 1 acute intake) (6.1.b)
7 Tic most limiting dnse conversion factor is usually the Total Body Committed Dose

Equivalent, so this was used in all further sample calculations.,

i

!

Data
3

3
! I Sigma y (o, = 26.3 m) Sigma z,(a, = 13.2 m). (6.1.w

2 Airborne activity concentrations C,^ in Tab!c 9.1,(Ce...o - 4 31E 14 Ci/mt). (6.1d)J

3 Plant stack flow rate for 1992 (F^ = 32000 R / min). (6.1.e)
8

4 Plant stack operation is estimated at 8 hours per day,5 days per week, and 50 weeks
3 per year.

5 Adult breathing rate (R, = 8000 m /yr). (6.1.f)
3

Inhalation dose factor for radionuclide i, organ j, and age group adult DFA,, in
6.

Table 9.3, (DFA% rap = 1.85E 6 mrem /pCi). (6.1.g)
,

7 Finy year inhalation committed dose effective for total body DCF in Tabic 9.5,gy
(DCF,7 % = 5.91E-8 Sv/Bq). (6. l .h)

Calculational model.

The finy year committed dose is given as:

Har = Q, DCFgy (6.1.1 )

Where:

Q, is the release rate of nuclide i, in Ci/yr,
DCF is the finy year committed dose conversion factor for nuclide i, for targetar

organ T, used in this report as the whole body; and

All further calculations of finy year committed dose follow this model, in mrem delisered
in 50 years

<

8

_ i
_
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The annual dose from inhalation of radionuclides in air to organ j of an individual is given I
as-

|I !
D ^, ( r,0) = R, X,(r,0)DFA,,, (6.1.2) '-

{

Where:
l

R, is the annual air intake for adults, in m /)T;8

,g X,(r,0) is the annual average concentration of radionuclide i in air at location
'3 (r,0), in pCi/m ; and2

D F A,,, is the inhalation dose factor for radionuclide i, organ j, and age group a, in,

'

mrem /pCi.

The annual aurage airborne concentration of radionuclide i at location (r,0) with respect
,

to the release point may be determined by:

I
X,(r,0) = Q,^ E (r,0) (6.1.3)

.Q.

Where:

Q ," is the release rate of nuclide i to the atmosphere, in Ci/)T; and,

1
0 J( r,0) is the annual average gaseous dispersion factor in the secter at ang!c 0

and at the distance r from the release point, in s/m .3

The release rate of nuclide i in air is given as:

Q,^ = C^ F^
(6.1.4)

Where:

C,^ is the concentration of radionuclide i in air from INS plant, in Ci/mt;
and

FA is the flow rate of air from INS plant, in ft5/ min.

<

9

!
|

'

|
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|
The annual average gaseous dispersion factor from ground level release point is given as:

) I
(r.0) = -

(6.1.5)
'

a
.Q. no,o,9

! | Where:
m is the constant pi = 1.14159;n

i o, is the lateral plume spread, in m;

o, is the vertical plume spread, la m; and

j
is the average wind speed at ground lew! release height, in m/s.p

l
.

'

Sample Calculanon:,

|
The sample calculation has been performed for Co40 on the Total Body.

.

1'
,Q J( r,0) = x(26.3 m)(13.2 m)(2 m/s)

I = 4.58E4 s/m' ,

'

8 T[2.83E4mt'f 60 min j/ g'5 day { 50wk '/
fI 4, 4.31E-14 Ci 3 2E4 A 8 Ci {

'

'
mt min A A A hr Adayj wk A >T n IE6pCi, j

8s

= 4.69E4 Cityr
'

I
X,(r,0) = 69E-6Cp58E- Asy >T yIE12pCP

s >T A m' A 3.15E7s A Ci s

= 6.82E 5 pCi/m'

q l.85E-6dem'm . ED ^(r,0) =,
>T js m A pC.,

,

I = 1.0lE4 mrem /)T

' 6 82 E - 5pCi R000m' ' 5.91E - RSv '' Bq ' IE5 mrem'Hm=
m' >T Bq 27.027pCi Svt s , ,t j s

= 1.19E-4 mrem delivered in 50 years

I
I

.

I
10
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| Case 6.2.

| Dose From Direct Exposure to Ground Deposition of Airborne Contaminants

This pathway was examined to investigste the efTect of airbome plant effluent on doses received
!!

downwind from deposition of airborne contaminants on the ground plane.
1

Assumptions:

i1. Assumptions made in Case 6.1 apply. '
; 2. The maximally exposed individual is constantly exposed (never leaves home).

3. Meteore%gical condition is E stability class (moderately stable) all year.
.

4 Deposition constant, (V, = 0.01 m/s). (6.2.3) !I 5. Duration of accumulation of deposited nuclides approximate plant operational life at
1992 concentrations, (t, = 17 yr). (6.2.b)

D.ita -

1
. . ..

I 1. Same E (r.0) as used in Case 6.1,( E (r.0) = 4.5EE-4 s/m').9 9
2. Same Q,^ for each nuclide i as used in Case 6.1, (Q^,.. - 4.69E-6 Cityr).
1 Decay constant in Table 9.10, (A.c . = 1.32E.1 yr'). (6.2.c)
4 Stucidi::g factor, (5, = 0.7). (6.2.d) '

5. External dose factor for standing on contaminated ground for radionuclide i and
i

organ j DFG,, in Table 9.6, (DFG ,7,,% = 1.7E-8 mrem /hr per pCi/m ). (62.c)2c
|

. |

Calculational model
|

The annual dose from direct exposure to ground deposition of airborne contaminants to
organ j of an individual is given as: j

D, (r,0) = 8760 S,[Cf(r.0)DFG, (6.2.1)
.

Where:
87^0 is the number of hours in a year.

. pS is a shic! ding factor that accounts for the dose reduction due to shicidingg #

provided by residential structures during occupancy, dimensionless:

C'' (r,0) is the ground plane concentration of radionuclide i at dis *.ance r in sector,

'! 0, in pCi/mh ind
DFG, is the open field ground plane dose conversion factor for e gan j from

radionuclide i, in mrem-m /pCi-hr.2

<

, 11
l

!

I

|
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I De ground plane concentration of radionuclide i at location (r.0), with respect to thel

release point may be determined by:

C (r,0) = (IE12]'6,(r 0)Q1̂ - c'N''I <
A (6.2.2)

i

'

Where:
IE12 is the number of pCi per Ci;

6,^ ( r,0) is the annual average relative deporition of emuent species i at location

(r.0), considering depletion of the plume during transport, in m.2;

Q ,^ is the annual release rate of nuclide i to the atmosphere, in Ci/yr;

I A, is the radioactive decay constant for nuclide i, in 37 ; and1

t, is the time penod over ahich the accumulation is evaluated, in yr.

The annual average relative deposition of emuent spccies at location (r.0), considering
depteuon of the plume dunng transport, may be determined by

|
. .

6,^ (r.0) = V, E (r,0)
I

.Q (6.2.3)
.

Where:

| V, is the deposition constant, in m/s; and

I

. .

E
9. ( r.0) is the annual average gaseous dispersion factor in the sector at angle 0

,

and at the distance r from the release point, in s/m .3

,

!
Sample Calculation:

ne sample calculation has been performed for Co40 on the Total Body.
!
i

' O.O l m 4.58 E - 4 s ' I6, ( r.0) =
r s m,

s

I = 4.5ME4 m 2
il

|

!

Cf (r 0) = (!.NA Mpf f Mi .Kt)
-I -

'' " " " ' ' ' " ' , "3l -e
1. 3 2 E - 1)T''

= 1.46E2 pCi/m2
. .

I
D (r,9) = '8760hr'(0 7)1.46E2pCi'' t.7E-8 mrem- m 'f r

.

3YT > s m i ht - pCs.r g ,

= 1.52E-2 mRern/)7 *

I
| 12
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|I Case 6.3 !

Dose From Ingestion of Water Downstream From

|
the Wastewater Treatment Plant / INS Direct Discharge

4

E This pathway was exanuned to investigate the effcet en doses received if an individual were to
directly ingest water from the Schuylkill River, downstream of Royersford Wastewater Treatment
Facility (RWTF). The Suburban Water Company services several communities with winter from the

Schuylkill downstream of INS emuents. Because of modelmg assumptions, this case can also apply
to direct discharge ofINS emuent into the Schuylkill River. INS had applied for a permit to the

,

Pennsylvania Department of Emironmental Resources to make releases directly from the '

Royersford facility to the Schuylkill River.

|

Assumptions:

1. Dilution factor D, is calculated as the ratio of the Schuylkill River flow rate to the
INS liquid emuent flow rate.

2. Transport time of nuclide between the release from INS and the ingestion by the
receptor, (t, = 12 hr) (6.3 a)

3.I Annual consumption of water for an individual,(U," = 730 t/yr). (6.3.b)
4. All of the radionuclides in the INS emuent end up in the wastewater emuent (none is

retained ir the sludge). (

Data.

1

I 1. Flow rate ofINS emuent, (F* = 5,107,425 gal /yr). (63.e)2. Average flow rate of Schuylkill River (FR = 1899 A8/s). (6.3.d)
3. Water activity concentrations C,* in Table 9.2,(C*,. = 6.01E 7 pCi/mt). (6.3.c)I Ingestion dose factor for radionuclide i, organ J, and age group adult DFI,,, in
J

Table 9.4, (DFl ,,,7,a n,,,, = 4.72E-6 mrem /pCi).e (6.3.f)5. Finy year ingestion committed dose effective for total body DCF in Table 9.5arI (DCFg7,p = 7.2EE 9 Sv/Bq). (6.3.g)

i

I
I
I
I

.

I
13
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Calculational model:
*

1

The annual dose from ingertion of water downstream from the wastewater treatment plant
j to organ j of an individual is given as:
!

* '
R, = Q* DFI,, e (6.3.1)

'

i
!
; Where:

i U* is the usage factor of water,in t/yr,
M is the mixing ratio at the point of exposure, dimensionless;

j F is the now rate ofliquid emuent from INS, in gal /yr,

i| Q* is the release rate of nuclide i in water, in Chr,
3 DFI,, is the ingestion dose factor for radionuclide i, organ j, and age group a, in

mrem /pCi;

1, is the radioactive decay constant for nuclide i. in hr ; and
*

8

j t, is the average transit time required for nuclides to reach the point of
exposure, in hr.

i
f

: The release rate of nuclide i in water is given as:
a

|

Q,* = C,* F*
(6.3.2)

i
; Where:

; C* is the concentration of radionuclide i in water from INS plant, in pCi/mf;
| and

_

| F* is the Dow rate ofliquid emuent from TNS, in gal /yr.
!

i
'

ne mixing ratio at the point of exposure is given as:
4

a
a

M'=
Ii

D (6.3.3)| e
:
4

| Where.

D, is the dilution factor at the point of exposure, dimensionless.3.

!

The diluuon factor at the point of exposure is gnen as:

F"
D, = 7 (6.3.4)

Where:
FR is the flow rate of the Schuylkill River, in A'/s; and
F* is the flow rate ofliq id muent from INS, in gahr.u e

<

14
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Sample Calculation:

The sample calculation has been performed for Co-60 on the Total Body.
;

. D=(uuw). 'f n>E*i rr ,
-

3 =8.76E4

|| '
u'='

8.76E4
= 1.14E.5

w ,
'QlE-7uci''5.1IE6 gal''3785mt} IE6 Ci

'

Ci

I '
m/ n yr gal A pt ,s ,

= 1.07E 2 Ci/yr

I
(1ff)(1.14 E-5) ri

1.07E -2Ci { 4.72 E-6 mrem (.hxs-sw ')h2w)' IE12pCi y gal'
_

(HBM.) yr A pCi ) Ci A 3.785(;
*

I < i

- 2.17E 5 mRenvyr

g*T , ' 2.17E - $ mrem ' pCi { 7.28E - 95v '' Bq ' IE5 mrem'
y

, 4.72E-6 mrem A Bq 27.027pCi Sv, js j s

I = 1.24E-4 mrem

I
'

1

|I

|I
!

.
,

I
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| Case 6.4

Dose From ingestion of Aquatic Foods Taken From Contaminated Water Supplies
,

c

!| Dis pathway was examined to imtstigate the efTect on doses received from sport fish, which areg
assumed to have been taken from the Schuylkill River, dowisstream of Royersford Wastewater
Treatment Facility.

'

,
,

Assumptions:

1 1. Assumptions made in Casc 6.3 apply.
2. Transport time of nuclide between the release from INS and the ingestion by the

receptor,(r, = 12 hr).

3. Annual consumption of fish for an individual, (U,' = 21 kg/yr). (6.4.a)

!

.
DaL1

1. Flow raic of INS emuent,(F* = 5,107,425 gal /yr).

I
Same M, as used in Case 6.3, (M, a 1.14E 5).2.

3. Same Q* for each nuclide i as used in Case 6.3, (Q* , = 1.07E 2 Ci/yr).
4. Bioaccumulation factor for fish B,, in Table 9.7,(B,% = 50 t/kg). (6.4b)

I
Calculanona; model:

|

The annuas dos; from ingestion of aquade foods taken from contaminated water supplies to
organ j of an indmdual is given as:

1

R, = ,' Q* B,, DFI, e (6.4.1)
'

Where.

|
U! is the usage factor of fish, in kg/>r,
'M is the mixing rado at the point of exposure, dimensionless;

MF is the flow rate ofliquid effluent from INS, in gal /yr,

Q* is the retcase rate of nuclide i in water, in Ci/yr,
B,, is the equilibrium bioaccumuladon factor for nuclide i expressed as the

,

rado of the concentradon in biota to the radionuclide concentration in
noter,in t/kg;

D FI,, is the ingestion dose factor for radionuclide i, organj. and age group a. in
mrem /pCi,

A, is the radioacdve decay constant for nuclide i, in hr ; and8

t, is the average transit time required for nuclides to reach the point of
e.psure,inhr.

l

|

!

l *

i
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,

I

I~
Sampic Calculation:

The sample calculation has been performed for Co40 on the Tc'al Body,

1.14 E - 5) fl 07E - 2Ci' 50
'4.72E-6 mrem',.(isos-swd)t2w)[lE12pCi{ tal ',

{5 HEW)
4

( yr j$1 pCi ( C: A3785/j,

w \ l )
\

= 3.12E 5 mRenty

' 3.12 E - SmRem' pCi
{ 7.28E - 9Sv ' 'Bq

'
IE5 mrem'"

s yr , 4.72E-6 mrem A Bq 27.027pCi Svn j s

= 1.78E-4 mrem

I

|

I

I

|

'I

|I
,I

Y

I
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Case 6.5
i

Dose From Ingestion of Airborne Contaminated Green Leafy Vegetables

I This pathway was c..amined to investigate the efTect of airborne olant emuent on doses received
downw1nd from ingestion of green leafy vegetables subjected to deposition and uptake of airborne

!
,

contammants.
)
1

Assumptions:

1. Assumptions made in Case 6.1 apply.
2 A plant neighbor grows and cats his cwn green leafy vegetables.
3. 100% of deposi;cd matenal is retained on the crops, (r = 1).

(6.5.a)
Crops are exposed for 5 month growing season,(t, = 3360 hr). (65.b) ;

4 ;

5. Productivity yield, (Y, = 2 kg/m ).2

(6.5.c)i 6
( Duration of accurnulation of deposited nuclides approximate plata operational life at

1992 concentrations, (t, = 17 yr).
i 7 Surface density of soil,(P = 240 kg/m ).2

(6.5.d)| M
I day holdup time between harvest and consumption, (t, = 24 hr). (6.5.c)
Time that deposit remain on vegetable is 14 days, so the effective removal rate9

constant for radionuclide i from crops is 1,, = y',2 = 2.06E 3 hr'. (6.5 f)
10. Deposition cortstant, (V, = 0.01 m/s).
II Annual consumption of green leafy vegetables for a teen, most conservathe case.

( U,' = 630 kg/>T)
(6.5.g) !

12.,I 100% of vegetables neighbor cats is grown in his garden. (f, = 1). (6.5.h)

Data-

1. Same 1 (r 0) as used in Case 6.1,( E (r,0) = 4.h',E-4 s/m').Q Q

Same Q,^ for each nuclide i as used in Case 6.1, (Q$_ = 4.69E-6 Ci/yT)., 2.

| 3. The stable element transfer coeflicient of green leafy vegetab% B, in Tabic 9.7,
!

'

(Bw, = 9.4E 3 Veg/ Soil).
(6.5. i)

'

'

!l

!l

,I

I
.
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Calculadonal model:
I

I ne annual dose from ingestion of airbome contaminated peen leafy vegetables to organ j
of an individualis given av

Df,(r0)= DFI,,, U! f, C|(r 0) (6.5.1)

Where:

I D F1,,, is the ingestion dose factor for radionuclide i, organ J and age group a, in
mRendpCi;

U! is the usage i., ?or of vegetables, in kg/yr,
f, is the fraction of the ingestion rate of vegetables that are produce in the

garden ofinterest, dimensionless; and

C7(r,0) is the concentration of radionuclide i in vegetables at location (r,0), inI pCi/kg.

The concentration of radionuclide i in and on vegetation at the location (r 0) is estimated
as-

3 ,4.i. ) ' D, t - c*^ I,

C.'(r,0) = d,"(r.0) < ' e*^ I (6.5.2)Y, A s, PA,

Where:

d*(r,0) is the deposi6nn rate of radionuclide i onto ground at location (r 0), in
pCi/m -s;2 ,

l

is fraction of deposited activity retained on crops, dimension! .ss;r

A, is the effectin removal rate constant for nuclide i from crops, in hr';g

t, is the tinee period that crops are exposed to contamination during the
growing season, in hr ;lI Y, is the agneultural productivity (yield), in kg/m ;2

B,, is the concentration factor for uptake of radionuclide i from soil by edible '

parts of crops, in pCi/kg (wet weight) per pCi/kg dry soil;

I A, is the radioactive decay constant for nuclide i, in hr or 3r ;8 8

t, is the period oflong-term buildup for activity in sediment or soil, in 3r'; '

P is the effective surface density of soil, in kg(dry soil)/m ; and2

I t, is the time delay between harvest of vegetation and ingestion by man, in
ihr .

I
.
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I
The deposition rate from the plume may be determined by.

I d,"(r,0) = Q,^ V, 1 (r,0) (6.5.3)

..

9

%%ere:

Q^ is the release rate of nuclide i to the atmosphere, in Ci/yr;
V, is the deposition constant, in m/s; andI .

1
(r 0) is the annual average gaseous dispersion factor in the sector at angic 0Q

. .

and at the distance r from the release point, in s/m .2

The efTective removal rate constant for radionuclide i from crops is given as:

A " A. + A. (6.5.4)I s

Where:

A, is the radioastive decay constant for nuclide i, in hr ; andi

A, is the removal rate constant for physical loss by weathering, in hr'.

Sample Calculation:

The sample calculation has been performed for Co-60 on the Total Body.

I A , = 1.s0E 5 hr' + 2.06E-3 hr8s

= 2.08E 3 hrt

V .Olm{4.5SE-4s"d,^(r,0) = 4.69E-6Ci O yr { lE12pCi'I ( yr 5 A m' s ( 3.15E7s A Ci s
= 6.82E 7 pCi/m s2

I
(t al 1 - e ' # "' ^* (9.4 t - 3) 1-e

* ' #2 ' ""
'

C,'(r,0) = '82E- W| ,,-hxtow %w)'36W ,~*
'a'. gpp.ost-w-i) pyt 30s-w-i) 1 w,-

= 5.96E 1 pCi/kg )
;
,

I
4

|

I !
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-

t.
1 .

.

; D",(r,0) = 630kg'(1.0) . 6E-Ig- 6 mrem.

1 $ PCi A >T kgj g ,

j = 1.77E 3 mRemfyv
i

i

'

5.96E-lpCi'f 630kg{7.28E-9Sv {27 027 CiBq
'

' I E5 mrem ', ,

j kg d >T A Bq A . p ,s Svi

|
,

1,01E 2 mrem=

i

1

!

.

|

4

|

I
;

i
i

!
:

!

!
.
a

;

4

:
;

i

i

!

I
i
i

|
!

,

4
i
!

#

!
a

i
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Case 6.6
*

Dose Frorn Ingestion of Beef Fed Upon Airborne Contaminated Green Leafy Vegetables

nis pathwmy was examined to investigate the effect of airborne plant emuent on doses received

downwind Specifically, from ingestion of cattle that ingested green leafy vegetables subjected to
deposition and uptake of airborne Contaminants.

Assumptions:

I
1. Assumptions made in Case 6.5 apply.
2. All beef consumed is contaminated and raised on 100% contaminated green leafy

vegetables
3. Amount of contaminated feed consumed by animal, (Q, = 50 kg/ day) (6.6a)4 Amount of time from slaughter to consumption,(t, = 1 day). (6.6.b)
5 Annual consumption ot'becf for an individual, (U[ = 110 kg/yr). (6.6 c)

Data

1 The stable element transfer coemcieta F, that relates the daily intake rate by the
animal to the concentration in beefin Table 9.7 (Frca = 1.3E-2 day /kg). (6.6 d)

2 Same concentrauon of radionuclide i in the anirnal's feed C'(r 0) as used in Case 6.5,

(C,'. (r,0) = 5.96E 1 pCi/kg)...

Calculational model:

The annual dose from in;;estion of beef fed upon airborne containinated green leafy
vegetables to organ j of an andmdual is given as:

D,(r0)= DFI,, U[ Cf(r,0) (66.1)

Where:

D F1,, is the ingestion dose factor for radionuclide i, organ j, and age group a. in
mrem /pCi;

U[ is the usage factor of beef, in kg/yT; and

C[(r 0) is the concentration of radionuclide i in beef at location (r 0), in pCi/kg.

<

22
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The concentration of radionuclide i in beefis estimated as:

C[(r,0) = F, C7(r,0) Q, c'"^3 (6.6.2)

F, is the fraction of the animal's daily intake of nuclide i which appears
in each kilogram of beef, in days /kg;

C|(r 0) is the concentration of radionuclide i in the animal's feed, in pCi/kg;
{

,

Q, is the consumption rate of contaminated feed by an animal, in kg/ day I

(wet weight),
))., is the radioactive decay constant for nuclide i, in day'; and
{I, is the average time from slaughter to consumption, in day.

Sampic Calculation:

The sample calculation has been performed for Co-60 on the Total Body.

0) = 'l 3E -2 day { 5 96E-lpCi 50kg' -(mm.e ')%)' r
kg A kg day ,,

= 3 87E-l pCi/kg

llokg ' 3.87E-lp6emI D",(r,0)=
-

pCi A yr j kg( ,

= 2.01E-4 mrem /yr

I
, ' 3 87E -lpCf'110kg'f7.28E - 95v '' Bq IE5 mrem '

'

,
- kg, ,3 yr jt Bq 27.027pCi Sv,s j s

= 1.15E 3 mrem

I
I
I
'I

I
.

I
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j, Case 6.7
'

Dose From Ingestion of Green Leafy Vegetables Irrigated With Contarninated Water

| This pathway was examined to investigate the efTect of waterbome plant emuent on doses received
; downstream from ingestion of greer. leafy vegetables irrigated with contaminated water.
|

!
j Assumptions:

1
j l. Assumptions made in Case 6.3 apply,
} 2. A plant neighbor grows and cats his own green leafy vegetables.
'

3. Transit time required for nuclides before irrigation,(t, = 12 hr).
4 Crops are irrigated with contaminaicd water (i = 1 in/wk).
5. 100% of deposited material is retained on the crops, (r = 1).

I 6. Crops are exposed for 5 month growing season,(t, = 3360 lu).
.

! 7 Productnity yield, (Y, = 2 kg/m ),2

A 100% of the crops is irrigr/ed with contaminated water, (f, = 1) (6.7 a)
j 'l Duration of accumulation of deposited nuclides approximate plant operational life at

1992 concentraticas. (1, = 17 1)3

10 Surface density of soil, (r' = 240 kg/m ).2

I 1. I day holdup time between harvest and consumption, (t, = 24 hr).
I2 Anrual consumption cf green leafy vegetables for a teen, most conservative case,

. ( U,' = 6 30 k g/>T).
|
t
t

j Data
d

I
j i Flow rate of INS emuent, (F* = 5,107.425 gal />T).
; 2 Same M, as found in Case 6.3,(M, = 1.14E 5).

Same Q* for each nuclide i as used for Case 6.3,(Q*. = 1.07E 2 Ci/>T).
3

t 4 Same l ., for each nudide i as used in Case 6.5, (As c... = 2.0KE-3 ha ).dy
I 5 ne stable element transfer coemeient of green leafy vegetables B,, in Tabic 9.7

(Bem, = 9.4E 3 Veg/ Soil).

1,

i Cakulational model.
i

| The anmnl dose from ingest..an of green leafy vegetables irrigated with contaminated water
to organ j of an indisidual is given as:

R,, = DFI,, U; C,, (6.7.1);

Where:
,

D FI,, is the ingestion dose factor for radionuclide i, organj, ar.d age group a, in
<

mrem /pCi,

U! is the usage factor of vegetables, in kg/yr and
C,, is the concentration of radionuclide i in the edible portion of the crop, in

pCi/kg.
,

I

'4

i
|

! I.
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*

| The concentration of radionuclide i on edible portion of the vegetation is estimated es:

r 1-en''I' f B,, 1 - c #'''I'! C" = d '* < e #^ I (6.7.2)+
5 Y, A r, PA,

Where.

df is the deposition rate of radionuclide i from irrigated uter, in pCi/m -s;2

,| is fraction of deposited activity retained on crops, dimensionless;
-

,| A ,,, is the c!Tective removal rate constant for nuclide i from crops, in hr ;l
'

t, is the time period that crops are exposed to contamination during the |

'| growing season, in hr';
[ Y, is the agricultural productivity Q Ja 'n kg/m ; '

i
2

f, is the fraction of the year crops are irngated, dimensionless;
, D,, is the concentration factor for uptake of radionuclide i from soil by

edible parts of crops, in pCi/kg (wet weight) per pCi/kg dry soil;
A, is the radiological decay constant for nuclide, in hr' or 3r';
t,, is the period of long-term buildup for activity in sediment or soil, in yrl;

'I P is the effective surface density of soil, in kg(dry soil)/m ; and2
'

t,, is the time delay between harvest of vegetation and ingestion by man, in
,

hr',
1

||
The deposition rate from irrigated water is given as:

'| |
,I df = C,,1 (6.7.3)

'

Where:

C,, is the concentrauon of radionuclide i in wan, seed for irrigation, in pCi/t;,

and
I is the average irsigation rate during the growing season, in in/wk.

The concentration of rad:onuclide i in the nver is the same as that in uter used for
| irrigation and may be rictermined by:
!

C,= b *e
F* Q (6 7.4)

'

Where.
M is the mixing ratio at the point of exposure, dimensionless;di is the flow rate of liquid effluent from INS, in gal />r,

Q* is the release rate of nuclide i in water, in Ci/>r,

A, is the radioactive decay constant for nuclide i, in hr ; andl

. t, is the average transit time reqdred for nuclides to reach the point of
| exposure, in hr.

, ,

1

.
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j| Sample Calculation:
,,

|
1 The sample calculation has been performed for Co-60 on the Total Body.

Js

| C~ = ((1.14 E - 5)
f l.07E - 2Ci' -(iwa-s= $i2w)' gal {lEl2pCi'

J

~

8 '' EV._) ( yr s 3785mt A Ci;
j ,r

j = 6 29E-6 pCi/m/
i
& ,

!I d*= '6 29E-6pCi'f lin'{ wk ym 'f IE6mt'
I

! mt ,\ wk ,\ 6 048E5s A 39.37in,\ m' |

'
i

,

2; = 2 64E 7 pCvm s
;

*

<

.

1

(g g[g I mF 3* ')3Wwll ' " ' ' ' " ' ' ' "(10lf 9 4E - 3) l-e
j C~ = (; e,4r. - 7pci ,.t u s.3 -.yn ; 36ao.i.,

m's (!p)(2 otE -3hr'') (1" j(1SOE-Sh, 8)[ hr,|
iI = 2.31E 1 pCiAg

f

l R* =
4.72 E -6 mrem { 630kg '' 2.31E - lpCi'

pCi A yr h kgg ,'

= 6 86E-4 mrem /yr

k
I ' 2. 31E - l pCi ' ' 630kg 7.28 E - 95v '' Bq

'

IE5 mrem':| Hwr=j kg, ,( yr Bq j ,27.027pCi Sv
| = 3.92E 3 mrem

j s

i
i
If
2

1

*

!,
>

I

f

d

1

| |
|

}

|

|

< . |
|
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Case 6.8*

Dose Frorn Ingestion of BeerFed Upon Green Leafy Vegetables
Irrigated With Contaminated Water

This pathway was examined to investigate the effect of waterborne plant effluent on doses received
downstream. Specifically, frem ingestion of cattle that ingested green leafy vegetables irrigated with
contaminated water.

Assumphons:

i
'

1. Assumptions made in Case 6.7 apply.
2 All beef consumed is contaminated and raised on 100% contaminated green leafy

I segetables
3 Amount of contananated feed consumed by animal, (Q, = $0 kg/ day).
4 Amount of contaminated water consumed by animal,(Q,, = 50 t/ day) (61a)
5. Annual consuinprion of beef for an indnidual,(U[ = 110 kg/yT)

Data

1. The stable element transfer coefficient F,that relates the daily intake rate by an
animal to the concentration in beef in Tabic 9.7. (F = 1.3E 2 day /kg).rem

2 Same concentration of radionuclide i in the animal's feed C, or C, as used in Case 6.7,
i (C%, = 21|E 1 pct /kg).
I 3 Water activity concentration in the Schuylkill River based on INS waterborne

effluent data C,, in Table 9.2 and as used in Case 6.7, (Cw,, = 6 29E-6 pCi/mt). (6 8 b)

| Calculational model:
|

The annual dose from ingestion of beef red upon green leafy vegetables irngated with
'

contaminated water to organ j of an individual is given as:

i
R, = DFI,, U[ C, (68.1)

Where:

D FI,,, is the ingestion dose f actor for radionuc! de i, organ j, and age group a, in

I mRenupCi;

U.' is the usage factor of beef. in kg/>T; and
C, is the concentration of radionuclide i in beef, in pCiag.

I

I
-

.
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,I
The concentration of radionuclide i in beefis estimated as:!I -

( C, = F (C, Q, + C,, Q,,) (6.8.2)r
I
'

Where:

F, is the fraction of the animal's daily intake of nuclide i which appears in
each kilogram of beef, in days /kg;,

'

: C, is the same as C, in Case 6.7, the concentration of radionuclide i in the
| animal's feed, in pCi/kg;'

Q, is the consumption rate of contaminated feed by an animal, in kg/ day

I
(wet weight),

C,, is the concentration of radionuclide i in water consumed by animals, in
| pct /t; and

Q,, is the consumption rate of contaminated water by an animal. in (/ day.

Sample C.ticul.ition

The simple calculation has been performed for Co.60 on the Total Body.
|

'

' IJE - 2dav ''' 2 31E- Ipci 50k 'k + ' 6.29E - 6pCi 50t 1000mt-

I!

C" =
kg kg day , mt day I, ,, s s,

= 154E 1 pCi/kg

;I
| , ' 4.72 E - 6 m Re m ' I lokg { l.54 E -lpCi 'q

* pCi yr A kg, , j'

= M 00E 5 rnRem/>v

! f I 54 E-lpCi " llokg 7.28E - 9Sv Dq
'

IE5 mrem'li =m-
kg n >T Bq 27.027oCi , Sv,

s

= 4 56E 4 mrem

.

a

4
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i Case 6.9
-

i Dose From Ingestion of Milk

'| This pathway was examined to investigate the c(fect on doses received from consumption ofE contaminated rmik. The contammauon apparent in the milk is derived from the combination of
atrborne and waterborne deposition upon green leafy vegetables, which is considered the sole source
of food for the dairy cow

1

Assumptions:

1. Assumption made in Case 6 5 and Case 6.7 apply.
2 All milk consumed is contaminated.

I, All contamination in the milk is derived from the animal's consumpoon of green3

leafy segetables

Transit time required for nuclides before irngation, (t, a 12 hr)4

! Ite'.of deposited material is retained on the feeds,(r - 1)I feeds are exposed for 5 month growing season, (t, = 3360 hr).6
7 Pasductally yield, (Y, = 2 kg/m ).2

M Duranon of accumulation of deposited nuchdes approximate plant operational hfe at
1992 concentrations,(t, = 17 >T).

9 Surface density of soil, (P = 240 kg/m ).2

10 1 day holdup time between harvest and consumpoon of feed by the animal,

I (t, = 24 hr).
i 1. Ammal grates in the pasture for half the year, (f, = 0 5)

'

12 100% of the animal's feed is pasture grass when it traies on pasture, (f, = 1.0)
i1 Amount of contaminated feed consumed by animal (Q, = 50 kg/ day).
14 Transport time of actnity from the feed to the milk to the receptor,(t = 2 day). (6.9 a)f

15 Anmial consumpdon of milk for an indn1 dual (U," = 400 tlyr) (6 9 b)

Data

Sarne d* for each nuclide i as used for Case 6.7 (d* . = 2.64E 7 pCi/m:s).1
.

| 2. Same d,'(r,0) for each nuclide i as used in Case 6 5, (d$,u(r 0) = 6 M2E 7 pCi/m:s)
,|

3 Same A,, for each nuclide i as used in Case 6 5, ( A,e.. = 2.08E.3 hr8).
''

The stable element transfer coc!Ticient F,,, that relates the daily intake rate by the4

animal to the concentrauon in milk in Table 9 7, (F,,,cm = 1.0E.) day /t). (6 9.c)

|

<

a

|

|
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Calculational rnodel.-

He annual dose from ingesuon of contaminated nulk to organ j of an individus! is given as:

DD ,(r,0) = DFI, U," C*(r,0) (6.91)

Where:

DF1,, is the ingestion dose factor for radionuclide i, organ J, and age group a, in -

mrem /pCi;

U" is the usage factor of milk, in tlyr, and

C,*(r.0) is the concentration of radionuclide i in milk at locanon (r.0), in pct //.

I
The concentration of radionuclide i in milk at location (r 0) is estimated as:

C*(r.0) = F C7(r,0)Q, e#d'I (692)

I Where:

F,,, is the average fraction of the animal's daily intake of radionuclide a which
appears in each liter of milk, in day /t;

C7(r,0)
is the concen: ration of radionuclide i in the asumal's feed at location
( r,0), in pCi/kg;

Q, is the consumption rate of contaminated feed by an animal, in kg/diy
(wet weight);

E, is the radioactive decay constant for nuclide i, in day '; and

I t, is the average transport time of the actmty frorn the feed into the milk
,

,

and to the receptor, in day. !

!
The concentration of radionuclide i in the animal's feed at location (r,0) is estimated as:

|

C|(r.0) = f, f, C[(r,0) + (1- f,) C'(r,0) + f,(1. f,) C'(r,0) (6 9.3)

Where-

| f, is the fraction of the year that animals grare on pasture, dimensionless; 1

|f, is the fraction of daily feed that is pasture grass when the animal grazes
|on pasture, dimensionless,

Cf(r,0) is the concentration of radionuclide i on pasture grass (calculated using;I i
Equation (6 5 2) with t, = 0 day), in pCi/kg; and '

C'(r,0)
is the con:entration of radionuclide i in stored feeds (calculated using
Equation (6 5 2) with t, = 90 day), in pCi/kg.

|

'

.

| |
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-

The concentration of radionuclide i on pasture grass rnay be determined by:

I - e **''I B,, 1 - c-I**4 I
4"

r'

C[(r,0) = [df(r 0) + df) < > e *' I *''" I (6.9.4)t
Y, A s, PA,

i

j Where-

j d," (r,0) is the deposition rate of radionuclide i onto ground at location (r.0), in
'

pCi/m:-s;

df is the deposition rate of radionuclide i from irrigated w1 ster, in pCi/m2 s;
is fraction of deposited activity retained on crops, dimensionless;r

j A,, is the etTective removal rate constant for nuclide i from crops, in hr'; ~

| t, is the time period that crops are exposed to contammation du;ing the',
growing season,in hr';

Y, is the agricultural productmty (yicid), in kg/m
<

j f, is the fracuon of the year crops are irrigated, d [nensionless;
j II,, is the concentration factor (nr uptake of radionuchde i from soil by
1
i edible parts of crops, in pCi/kg (wet weight) per pCi/kg dry soil;
-

A, is the radioactive decay constant for nuclide i, in hr' or yr ;8

t,, is the penod of long4 r aldup for actmty in sediment or soil, in
yr',and

P is the effective surface density of soil, in kg(dry soil)/m:.

The enneentration of radionuclide i in stored feeds may be determined by

-41.i. ) ' 1-e **4Id, g_e B,,
C'(r,0) = [d,^(r 0) + d,*'| < c (** * **) (6.9 5)

-+
Y, A g, PA,

= Cf(r 0)e**WI

Where-

All variables are defined under Equation (6.9.4).

<
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j Sampic Calculation: )
'

'
\.

The sample calculation hu been performed for Co-60 on the Total Body.
1

|

(Lo) :-,4*8M8N (I.0)(9 4E - s] l-e
' * * ' " ''"I. ,

j Cf( r.0) - (6 art-76a. , 2 64E - 76e M00s,,"'* | (L*y$1 osE - sw**) (f4)(n SOE - sw-')j
"* w

:

| - H.27E 1 pCi/kg

' A 27E - IpCi' -(ma-4w'),nd ,)| C'(,
j kg

i ,

j - M 00E I pCi/kg

'~IPI
+ (1 - 0.5)

R 00 E - I pCi '
+ (0 5)(I- 1.0)

.00 E - IpCi 'C,'(r,0) = (0.5)(l O'
k kg kg kgj ; ( , ( ,

' = H 13E-l pCukg

)

i

C,*(r,u) - 1.0E - 3da[]' 813E -IpCi' 50kg ' -(mr-= '):wi
j ( )( kg dy,i ,

j = 4 06E-2 pCi/t

D"(r,0) = - 6 m Re m }' 400/ '' 4.06 E - 2 pCi '

{ PCi A 37 ,s ( ,s

; = 7 67E 5 mRetn/)T

4 06E - 2 pCi { 400t { 7.28E - 95v ' Bq 'f IE5m Re m '
f

g ,

/ A >T A 13q , 27.027pCi A svt
,

= 4 3ME-4 mrem

*
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Case 6.10

Dose From Direct Exposure to Contaminated Reed-bed Sludge
-

I This pathway was exarnined to investigate the effect on doses received from contanunated reed-bed

sludge at Royersford Wastewater Treatment Facility by a RWTF worker. Reed bed processing is a
|

,

method to separate the solid sludge sent to landfills from the water portion. This processing

I involves reeds growing in beds of sludge, which removes water da transpiration and osporation. ;

Data are ava: table for 1992 TLD direct radiation environmental monitoring at the reed-bed '

location.

I Assumpoons

I 1. New sludge is added on top of the reed bed ocry day.
2 All of the radionuclides in the INS cfiluent end up in the sludge

1
3 Ernployees at RWTF apply sludge to the reed beds t, for I hour orry 2 weeks dunng i

the summer and I hour every 3 weeks during the winter, which is approximately 20 (hours per year, t6.10.a) |

|
i

Data

| Net exposure recordings from the TLD at R%W are averaged for the reed-bed work
'

area,(X, = 7 85E 2 mrem /ht) (610.b)

l

Calculational rnodel

The annual dose from direct exposure to contaminated reed-bed sludge to whole body of an
individual may be determined by:

|

X, = X,1, (6.10,1)

E
% tere-

X, is the average TLD recordings at reed bed area. in rnRem/hr; and
I, is the amount of time worker spends applying sludge to the reed beds, in

hr/>T.I
Sample Calculation:

The sample calculation has been performed on the Total Body

, ' 7.R$E - 2m Re m120hr'
,

. ,r , , ,.

= 1.57 mrem /)v

X, = 1.57 mrem /yt

|
.

33

I
.

.

-- - - - - - _ . - - - - - - _ - _ - - _ - _ - - - - - . _ _ - -



,
,

.. __

.

I- Case 6.l l
Dose From Inhalation of and Direct Exposure to Contaminated Reed-bed Sludge,

During Sludge Removal

This pathway was examined to investigate the effect on doses received from contammated reed-bed

sludge at Royersford Wastewater Treatment Facility by a RWTF worker. Speci6cally, workers are

I removing the sludge from the reed beds for transport to landAll site aner a certain number of years
of accumulation Most of the data were obtained from key people involved mth waste handling.

Assumptions.

1 All of the radionuclides in the INS emuent end up in the sludge.

I 2 Studge has accumulated at the same reed bed each year, so buildup of radionuclides
may hase occurred

3 Sludge is removed from the reed bed to be transport to public landfill escry 5 years. (611 a)
4 Radionuclides are evenly dir'nbuted throughout the sludge.

,

5 in censideratwn of radioactive decay of nuclides, the model is that one layer of sludge
|

ot' the same radioactmry is added on top of the reed bed sludge each car. j3

6 Concentration (actisity per mass) of the reed bed sludge at the time of removal C "8

is the aserage of the decay of each layer sirce all the sludge would be mixed during |
removal

|
7 Mass loading of dust in air (M, = 500 g/m ). (6.ll.b) !

i

Employees at RWTF remove sludge from the reed beds t, for 8 hours per day,5 daysM

per week, and 2 weeks per 5 years.

Density of dry sludge is about that of aluminum, (p, = 2.70 g/cm'). (6.1Ic)
9

I 10 Linear attenuation of sludge p, is about that of aluminum, ( ,,ca = 1.62E.1 cm '). (6.ll.d),

4 II Studge thickness, (x, = 6 in).
12 If nuclide i has more than one peak of photon energy, then its energy is the most4

averaged one.,

I 13 i Rem is equal to IR for gamma exposure.
4

Data,

j !. The actmty per mass in the reed bed sludge before decay C,"" is in Table 9.88

; (C7c, = 69.5 pCi/g). (611 c)
'g 2. Adult breattung rate,(R, = 8000 m'/yr).
I 1 Specific gamma ray constant r, in Table 9.11,(r . = 13.2 R<m /hr-mci). (6.11.f)e

4 Buildup factor of the sludge as its own stueld B,, w hich depends on the linear

I attenusuon fxtor ,, the sludge thickness x,, and the photon energy of the nuclide
i is given in Table 9 9. (B , = 3.25). (6.11g)c

5. Values for p, and B, were interpolated from existing data.

l .
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Calculational rnodel:

; The annual dose from sludge removal from reed beds aAer a 5 year accumulation period i'

may be determined by: 1

;

Dsn - Ds + X, (6.!!.1)
Where:

D'j is the annual dose from inhalation of contaminated reed-bed sludge during
; sludge emoval,in mrem /yr; and
; X,, is the annual dose from direct exposure to contaminated reed-bed sludge

during sludge removal, in mRemtyr.
" ,

I
i!

l;E The annual dose from direct exposure to contaminated reed-bed sludge of an indisidual may |
1 be deternuned by.

|1g
R X, = X ,t, (6 11.2)

Where:

X ,, is the exposure rate to the sludge for nuclide i, in R/hr; and
t, is the amount of time worker spends remosing the sludge from the reed

beds, in hr/yr.

The exposure rate of sludge of radionuclide i of an individual may be determmed by:

8

X * = T' B,C' "
(6.11.3)2,

Where;

f, is the specific garnma ray constant for nuclide i, in R cm /ht-mci;2

B, is the buildup factor of the sludge as its own shield for nuclide i,
dimensionless;

C'* is the average concentration or actisity per volume of radionuclide i at

time of sludge removal, in pCi/g; and

p, is the linear attenuation coefficient of sludge.

|

| .

I
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The average concentration (activity per volurne) c,f radionuclide i at time of sludge
removal to organ j of an individual may be determined by:

8C * = Cawp, (6.11.4)

Where:I 8C '" is tiic average concentration or activity per mass of radionuclide i at time
of sludge removal, in pCi/g; and

p, is the density of sludge, in g/cm . j
3

The annual dose from inhalation of contaminated reed &.d sludge to organj of an individual I

rnay be determmed by-

D'' = R, M, t, C '" JFA,, (6.I1.5)
8

Where.

R, is the annual air intake for adults, in m'/)T;
M, is the mass loading of dust for dusty work, in pg/m ;8

I

t, is the amount of time worker spends remosing the sludge from the reed
beds, in hr/)r,

8C '" is the average concentration or activity per mass of radionuclide i at umeI of sludge removal, in pCi/g; and
j DFA, is the inhalation dose factor for radionuclide i, organ j, and age group a, in
; mrem /pCi.I

The average concentration (activity per mass) of radionuclide i at time of sludge removal
after 5 years to organ j of an indisidual may be determined by:

C;'" = Ave Csw,-(1,i,
.

,, ,

-04I . e-(4 A I ,-04 i ,-O A,I . ,-(t % l'e

= C.'" (6.i1.6)
Where.

I C",," is the original concentration or activity per mass of nuclide i before,

decay, in pCi/g;

A, is the radiological decay constant for nuclide, in yr'; and
I, is the time passed since last sludge removal, in >T.

I
,

!

<

o

*
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Sample Calculanon;
, '

The sample calculadon has been performed for Co-60 on the Total Body.

' .b n e inist) .,(ine.iri.r) . ,-h ns.ir-x>r) ,,.b ns.i, bri ,-h ne.ordir),

e'm , ,695pC

s 5< ,

= 4.76El pCi/g

gu , ' nanm' ''soog,'' ay_ sa.y 'f i''4 76ElpCi''l.85E -6mRe m'''' yg2 'y
* yr m'p ,1 day a wt s s 5p ,, g pCi 8760hr A IE6 g,, j,

= 6 44E 7 mrem /yr

g g"I , f 4 76ElpCe g ' ' 8000m' ' ' 5 9 t F. - IS v g '' thr 5 day { 2mk yr Dq
IE5m Re m }- I g A m' s, yr Bq A IE6ps ,, day A wk A Sp , t?60hr 27 027pCe Sv J,,

= 7 6|E 5 mrem

g'w , ' 4 76ElpCi{ 2 70g { IEl2pCi,
'

Ci
g A cm' Ai

= 1.29E 10 Ci/cm3

X* = (ujg)(3.25)(NJtQ) r IE3 mci'.

2(I 62 E -lem-') Ci( s

= 1.70E 5 R/hr

f 170E-5R '/ Rhr 5 day 2wk Re m IEJ m Re m'
X" = hr s(day wk Syr R Re ms s

= 2.73E l mrem /yr

~ * * *
Dj," =

' ~ * * *
+

>T >T6 s i s

= 2.73E-I mRerWyr

r
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i| Case 6.12
! Dose From Direct Exposure to Mechanical Dewatered Sludge

i

i| This pathway was examined to investigate the effect on doses receiw:d from contaminated
'E mechanical dewatered sludge at Royersford Wastewater Treatment Facility by a RWTF worker. 1
j Data are available for 1992 TLD direct radiation emironmental mor6toring at the dewatering i

processes location and general areas around the wastewater treatment facility. Some data were
obtamed from key people involved with waste handling.

Assumptions:

1. All of the radionuclides in the INS effluent end up in the sludge.

I 2. Radionuclides are evenly distributed throughout the sludge.
| 3 Employees at RWTF work near mechanical dewatered sludge for 4 hours per week

and 48 wecks per year.

Employees at RWTF work in general area for 35 hours per week and 48 weeks perE 4,

E > c^ '-
3

i
.

Data

1. Net exposure recordings fro'n the TLD at RWTT are average for the mechanical {g dewatered sludge area and the general area, ( A, = 1.14E 2 mrem /hr and {
,

3 X, = 8.65E 3 mrem /ht). (6.12.a)
2. The types of mechanical methods to process watewater include grinding, settling,

|

inckling filters, anaerobic digestor pumping, chlorine contact tanks, and sludge !I holding tanks. (6.12.b)
3 RWTF contracts some of the dewstering work. (6.12.c)

:
!

Calculational model:

I The annual dose from direct exposure to mechanical dewatered sludge to w hole body of an
indisidual may be detennined by:

X,-k,t,+A,t, (6.12 I)

Where:

X ,,, is the average TLD recordings at mechanical dewatering processes area,
in mrem /hr,

!
t,,, is the amount of time worker spends at mechanical, in mechanical

dewstering processes area, in htt T; and3

A, is the as erai;c TLD recordings in general work areas, in mrem /hr; and
|t, is the amount of time worker spends in general areas around the facility. !

inhr/yr.

|
, i
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*
Sample Calculation:

j The sample calculation has been performed for Co40 on the Total Body.
!

|
<

- ' l.14 E - 2 m Re m 4 hr 48wk'
X *t* = -

hr wk yri
,

= 2.18 mrem /yr

| ' 8.65E - 3 m Re m 35hr 48wk'
X ,1' =

M wk p,i

= 14.54 mrem /yr

!

' 2.18 m Re m' , ' 14.54 m Re m 'X, =
yr yr, ., , ,

= 16.72 mrem /yr

i

I

i
1

'I
f

i. . i

I
I

I

I

|

I
,

i

t,

!
i
!
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,g* Case 6.13

| Dose From Inhalation of Contaminated Sludge-bome Dust
|

|| This pathw2y was cumined to investi;; ate the effect on doses received from contaminated sludge at
|5 landrill by a worker. The following was modeled by Michael J. Bonno, and incorporates standard

health physics and engineennL principles. Most of De data were obtained from key people involved

I with waste handling. The indindual from this model would not be the garne individual from
Case 6.10. Case 6.11, and Case 6 li.

|

| Assumptions-

1. Assumptions nude in Case 6.11 apply.

I 2. Sludge is landfilled in a different location each time
3 Mass loadmg of dust in air (M, = 500 g/m').

Employees at RWTF remove sludge from the reed beds t, for 8 hours per day, I day4

I per week. and I week per 5 years.

Data'

1 Adult breathing rate, (R, = 8000 m'/yr).

2 Same concentration (actnity per mass) of the sludge C " as used in Case 6.11,8

(Cf"u, = 4.76El pCi/g)

Calculational model

The annual dose from inhalation of contaminated sludge-borne dust to organ j of an
individual may be determined by:

D ' * R, M t, C ''" DFA,, (6.131)
8 8

i

Where:

I R, is the annual air intake for adults, in m'/)r,
M, is the mass loading of dust for dusty wrk, in pg/m ,2

t, is the amount of time worker spends at the landfill site, in httyr;

I 8C "' n the average concentration or activity per mass of radionuclide i of
sludge, in pCi/g; and

D F A,,, is the inhalation dose factor for radionuclide i, organ j, and age group a, in
~

mrem /pCi

I
,
.
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Sample Calculation:

j The sample calculation has been performed for Co40 on the Total Body.

D"" = # n00m ''$00 g { Rhr''1 day'' mi''4 76Elpci'' t BSE -6 mrem''; f '# '

p g
m' A day s wt j 5yvj g y p pCi 8760hr,s stlE6 g,j g n g js,

I g = 6 44E-8 mRern/yr
i

{ g" , ' 4 76Eto e y so%g ''sooom''' $ 9|E - tsv" { sir {idayc
IE6ps A day A *k {l=k

p Bq 1E$m Rs mg

s A m'j q p Bq A Sy s760t 27 027pc. sv.. g n

j = 7 61E4 mrem
.

iI,

! I
;

I
4

|

I:

i

! I

|I
.

I
'I

.

.
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. 7.0 DISCUSSION

The approach taken for each of he above examinations is conservative. Assumptions have i

been made that force conservatism: !

Use dose factors of adults, which is usually the most limiting, fa.

b. Partitioning never occurz in any of the pathways, i e. all effluent enters into the
{pathway examined,

Gradual buildup and decay of nuclides does not occur in . any cases,c

| d. Environmental conditions are stable throughout the year,
c. All food consumed is contaminated,

f Transport times are less than those listed in Regulatory Guide 1.109, in order to !
ensure for local consumption,

g Amount of time in direct exposure situations is excessive for anticipated
operations,I ,

h Consumption rates reflect the most conservative age group,
'

Conservative geometry was selected for buildup factors (point isotropic source:

used irntead of planar)
|

-

The above limitations were imposed to ensure compensation for any inadequacies due to a
limited quantity of data, and to simplify calculations. Some of the inadequacies in the data: 1

Buildup factors was a point isotropic source since ones for a planar sourcea

were not available for Aluminum,

b Dose Con ersion Fectors for a few nuclides were not included in guidance
documents,

Inability to correlate data collected at the wastewater treatment plant to actualc.

pathway data.
!

Each of the pathways uses maximal emuent vclues, and assumes that receptors are available !
for extended periods of time. For this reason, multiple exposures are seen, such as in the j
cases involving the wastewater treatment plant worker. In reality, these scenarios are not

i
always practical. Many doses indicated by this analysis are, however, extremely low such that i
detection in the field offer questionable results and present dimculty when try to corroborate
theoretical doses with those measured empirca!!y. !

,

1
i

'

,

|
|

I
.

I
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i 8.0 SUMMARY AND CONCLUSIONS'

1
| Each of the cases above indicates dose to a maximally exposed individual. This individual,
j due to the approach employed in some calculations, is fictitious.

j Table 9.25, Summation of Doses for General Public, indicates that annual dose a maximally
4

exposed individual of the general population would receive from INS operations is low. The
4 filly year commhment is slightly higher. Table 9.26, Summation of Doses for Wastewater
'

Treatment Plant Worker, still shows that the umual dose a maximally exposed wastewater
i treatment plant worker is relatively low. Given a total annual average effective dose

equivalent of 360 to members of the U.S. population,so the relevance of the fifty year;

I conimitted dose is diminished. As the BEIR V Committee discussed in its conclusions, low
| doses of radiation cannot be adequately associated with a numerical risk.81 The committee
j has also pointed out that " ..there may be no risk from exposures comparable to natural
| background. 2
1

| Given these conclusions, it is considered that the impact of INS operations on human
j receptors in the vicinity of the Royersford facility is minimal.
i

! See Table 9.25 for the summation of all doses to the general receptor and Table 9.26 for the
j summation cf all dose to the wastewater treatment plant receptor.
I
1
e

{
4

I

!
!

<
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9 0 DATA TABLES *,

|

Table 9.1

|| Concentration Of Nuclides in INS Discharged Air (pCi/mt)

Nuchde First Ouarter Second Ouarter Third Quarter Fourth Quarter Average

| Cs 134 2.55E 15 6.37E 16
_

s Cs 137 1.67L 14 3.63E 13 8.88E 15 5.47E 15 9.84E 14
Co 58 2.27E 14 1.4GF 14 9.19E 15

.|
Mn-54 2.90E 14 1.63E 14 1.65E 14 7.91E 15 1.74E 14
Co 60 6.03E-14 3.82E 14 5.00E.14 2.40E 14 4.31E 14
Zn 65 1.02E 14 1.36E 14 5.94E 15
Nb 95 2.10E 15 5.24E 16

|. St90

. Table 9.2

Concentration of Nuclides in INS Wastewater (pCi/m()

'|
N te.hd e J.inu a r y February M arch A pril May June

'

)

Cs 134 2.22E 07 1.25E 07
Cs 137 1.19E 06 5.49E 07 3.19E 07 4.72E 07 1.52E 06 1.40E 06
Co 58 4.97E 07 1.62E 07 1.81E 07 2.52E 07

I| Mn 54 2.51E 07 4.00E 07
|r Co 60 9.66E-07 2.36E 07 5.94E 07 2.02E 07 8.70E 07

Zn 65
Nb 95

l St90 5.80E 00 5.80E-09 5.80E 09 1.80E-08 1.80E 08 1 80E-08
1

i

( Nuchde July August September October November December
Cs 134 3.46E 07 1.33E 07 9.18E 08 1.41 E-07 2.01 E 07
Cs 137 1.75E 06 1.87E 06 3.10E O' 3.02E 07 7.11E 07 1.18 E 06
Co 58 1.40E 07 7.10E 08
Mn 54 9.84E 08 8.93E 08 3.10E 07 4.50E 07 1.01 E 07 4.24E 07
Co 60 2.58E 07 3.10E 07 4.75E 07 5.8CE 07 2.74E 07 1.85E 06 |
Zn 65 1.01E 07 4.66E 07 1.88E 06 4.39E 07 '

Nb 95 )
| Sr90 1. 6 9 E .08 1.69E 08 1.69E 08 1.45E 08 1.4 5 E-08 _ 1.45E 08 .%

.

1
_ _ _ _ .

Average from INb Average en Rever
i Nuclide fuCumn (pCucc)
! Cs-134 1.05E 07 1.20E 06

C s.13 7 9.64E 07 1.10E 05 '

Co 58 1.09E 07 1.24E C6 -

Mn 54 1.77E 07 2.02E 06
Co 60 5.51E 07 6.29E 06i

i Zn 65 2.41E 07 2.74E 06
Nb 95 <

St 90 1.38E 08 1.57E 07,

|

* Note: Abt.ence of data indicates nuclide was not present or in less than detectable quantity.

*
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Table 9.3
inhalation Dose Factors for Adults (mrem /pCi inhaled)*

I
Nuclide Bone Uver T. Body Thyroid Kidney Lung GILU >

Cs 134 4.66E 05 1. 06E-04 9.10E-05 3.50E 05 1.22E 05 130E 06
Cs 137 5.98E 05 7.76E 05 5.35E 05 2.78E-05 9.40E-06 . 05E-06
Co 58 1.98E-07 2.60E 07 1.16E-04 1.33E 05
Mn-54 4.95E-06 7.87E 07 1.23E 06 1.75E 04 9.67E-06
Co 60 1.44E 06 1.85E 06 7.46E-04 3.56E-05
Zn-65 4.05E 06 1.29E 05 5.82E 06 8.62E-06 1.08E 04 6.68E 06
Nb 95 1.76E 06 9.77E 07 5.26E 07 9.67E-07 6.31E 05 1.30E 05
St90 1.24E 02 7.62E 04 1.20E-03 9.02E 05

* Dose factors from USNRC Regulatory Guide 1.109 Table E 7

| -

|

Table 9.4
: Ingestion Dose Factors for Adults (mrem /pCi Ingested)*

;

I'
i

Nuc..de Bone Uver T. Body Thyroid Kidney Lung GILLI j
Cs 134 6.22E 05 1.48E-04 1.21E 04 4.79E 05 1.59E 05 2.59E 06

I Cs 137 7.97E 05 1.09E-04 7.14E 05 3.70E-05 1.23E 05 2.11 E-06
Co 58 7.45E 07 1.67E-06 1.51E 05
Mn 54 4.57E 06 8.72E 07 1.36E-06 1.40E-05

"

I Co 60 2.14E 06 4.72E-06 4.02E 05
Zn 65 4.84E 06 1.54E-05 6.96E 06 1.03E 05 9.70E 06
Nb 95 6.22E 09 3.46E-09 1.86E-09 3.42E 09 2.10E 05,

'I Sr 90 7.58E 03 1.86E-03 2.19E-04
1

* Dose factors from USNRC Regulatory Guide 1.109 Table E l1.

I~

I.

.
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4

I'

I
45

I
.



-

*
t -

!

Table 9.5
Fifty Year Committed Dose Effective (Sv/Bq)*

I Nuclide Inhalation Ingestion
i Cs 134 1.25E-08 1.98E 08

Cs 137 8.63E 09 1.35E 08
Co-58 2.45E-09 3.20E 10
Mn 54 1.81E 09 7.48E 10
Co 60 5.91 E-08 7.28E 09
Zn-65 5.51E 09 3.90E 09
Nb-95 1.57E 09 6.95E 10
St90 3.51E 07 3.85E-08

* Data from NUREG/CR 3332 Table 7.19 and Table 7.21.

I
Table 9.6

External Dose Factors for Standing on Contaminated Ground (mrem /hr per pCi/m2)*

I _

Nuclide T. Body Skin
Cs 134 1.2E 08 1.4E 08

I Cs 137 4.2E 09 4.9E 09
Co 58 7.0E 09 8.2E 09
Mn 54 5.8E 09 6.8E 09

I Co 60 1.7E 08 2.0E 08
2n 65 4.0E-09 4.6E 09
Nb 95 5.1 E 09 6.0E 09
Sr 90 7.1 E 09 8.3E-09

* Dose factors from USNRC Regulatory Guide 1.109 Table E 6.

I
I
I

'

I
I .

I
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Table 9.7

Bioaccumulation Factor and Stable Element Transfer Data'

Fish Bai Vegetable Biv Meat Ff Milk Fm

Nuclide (pCi/kg per pCl/l) (Veg/ Soil) (day /kg) (day /l)

Cs 134 2.0E + 03 1.0E-02 4.0E-03 1.2E-02I Cs-137 2.0E + 03 1.0E-02 4.0E-03 1.2E 02

Co-58 5.0E +01 9.4E 03 1.3E 02 1.0E 03

Mn 54 4.0E + 02 2.9E 02 8.0E-04 2.5E 04I Co-60 5.0E + 01 9.4E-03 1.3E-02 1.0E-03

Zn-65 2.0E + 05 4.0E-01 3.0E-02 3.9E-02

Nb-95 3.0E + 04 9.4E 03 2.8E 01 2.5E 03I Sr-90 3.0E + 01 1.7E 02 6.0E-04 8.0E-04

' Data from USNRC Regulatory Guide 1.109 Tables A 1 and E l.

Table 9.8
Concentration of Nuclides in RWTFs Reed-Ded Sludge (pCi/g)*

Nuclide Reed Bed 1 Reed Bed 2 Average

Cs 134
Cs 137 5.0 11.0 8.0
Co-58 3.4 1.7

Mn-54 22.0 40.0 31.0
Co 60 46.0 93.0 69.5
Zn-65 12.0 15.0 13.5

Nb-95 |
St-90 |

* Data from actual analysis.

Table 9.9g,

3 Buildup Factor of Sludge in Reed-Bed *

umre Ertrgy P&ss Artensoon Unear Anertsoon FOacJcn Lergh EUkip Factcr

I fMide (PAM tip (on2/g) u (cm1) ta B

C&13% 6.0E601 ROEC2 2.10E01 3.29 5.88

C&137 E62501 7.5EC2 2.02E01 3.08 5.73I Co 58 a10601 7.0EC2 1.89EM)1 2.88 5.86

fA54 a35E41 ESEC2 1.75EO1 2.67 5.48

Co80 1.17E400 E0602 1.62E01 2.47 3.25I Zn 05 1.12E +00 ECM 1.62501 2.47 3.19

tb95 7.65601 7.0602 1.89E41 2.88 5.70

Sr90I'

* Data from Radioluccal Health Handbook and Atoms. Radsation. and Radiation Protection. ,

I e
|
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Table 9.10
Decay Constant of Radionuclides

I Nuclide 1/yr 1/ day 1/hr:

Cs 134 3.38E-01 9.26E 04 3.86E-05
Cs 137 2.31 E-02 6.33E-05 2.64E-06'

Co 58 3.55E + 00 9.72E 03 4.05E-04
Mn-54 8.35E-01 2.29E-03 9.53E-05

I Co-60 1.32E-01 3.61 E-04 1.50E 05
Zn-65 1.03E + 00 P. 83E-03 1.18E-04
Nb GS 7.23E + 00 1.98E-02 8.25E-04 j

!St-00 2.47E-02 6.76E 05 2.82E 06
* Data from Radiological Health Handbook

I .

,

Table 9.11
Specific Gamma Rav Constant (R-cm%r-mci)

Nuclide Gamma
,

Cs 134 8.7
Cs-137 3.3,g

g Co-58 5.5
Mn-54 4.7
Co-60 13.2 1I Zn 65 2.7 |
Nb-95 4.2 |

Sr90 3.0

I * Data from RadiologicalHealth Handbook

|

|

'I
.

.
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Table 9.12' -

Case 6.1. Dose From Inhalation of Radionuclides in Air

I Annud dose to each target organ (mrem / year) 50 year

Nudide Bone Uver T. Body Thyroid KMey Lung G-LU Effective

Cs 134 3.76E47 8.55E 07 7.34E47 2.82E-07 9.84E 08 1.05E48 3.73E 07

Cs 137 7.45E 05 9.66E 05 6.66E 05 3.46E 05 1.17E 05 1.31E 06 3.98E45
Co-58 2.30E48 3.02E48 1.35E-05 1.55E46 1.05E 06

Mn 54 1.09E46 1.73E47 2.71E 07 3.85E45 2.13E 06 1.47E-06

I Co 60 7.86E47 1.01E 06 4.07E 04 1.94E 05 1.19E 04

| Zn-65 3.04E47 9.69E47 4.37E 07 6.47E-07 8.11 E-06 5.02E 07 1.53E46

Nb 95 1.17E48 6.47E49 3.49E-09 6.41E49 4.18E 07 8.62E48 3.85E 08

St90
' Total 7.52E45 1.OOE44 6.90E 05 3.58E45 4.79E44 2.50E45 1.64E 04

1

i Table 9.13

|E Case 6.2. Dose From Direct Exposure to Ground Deposition of Airborne Contaminants

'| (mrem / year)

|

| Nuclide T. Body Skin !

! Cs 134 6.8SE 05 8.04 E-0 5
Cs 137 1.78E 02 2.07E 02

|Co 58 5.54 E-05 6.49E 05
, Mn.54 3.69 E-04 4.33E 04
! Co 60 1.52 E-02 1.79 E-02

! Zn 65 7.02E 05 8.08E 05

|| Nb 95 1.13E 06 1.33E 06
|E St90

Total 3.3 5 E-02 3.92E 02
i

!

Table 9.14

;|| Case 6.3. Dose From Ingestion of Water Downstream From

! the Wastewater Treatment Plant / INS Direct Discharge

'

Annual Dose to each target organ (mrem / year) 50 year

! Nudide Bone Uver T. Body Thyroid NMey Lung G-LU Effective

f|
Cs 134 5.44E 05 1.29E-04 1.06E 04 4.19E 05 1.39E 05 2.26E46 6.40E45
Cs 137 6.40E44 8.76E 04 5.74E44 2.97E 04 9.88E45 1.70E45 4.01 E 04

m Co 58 6.71E47 1.50E-06 1.36E45 1.07E46
th54 6.73E 06 1.28E46 2.OOE46 2.06E-05 4.08E-06

| Co 60 9.83E46 2.17E45 1.85E44 1.24E-04

I Zn 65 9.68E 06 3.08E-05 1.39E 05 2.06E 05 1.94E-05 2.89E-05

Nb-95
St90 8.71E 04 2.14E-04 2.52E45 1.64E45

'I Total 1.58E43 1.05E OJ 9.32E 04 3.62E 04 1.13E 04 2.83E-04 6.39E44

I 49
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! Table 9.15
Case 6.4. Dose From Ingestion of Aquatic Foods

Taken From Contaminated Water Supplies

Annual Dose to each target organ (mRom/ year) 50 year

Nudide Bone Uver T. Body Thyroid 10chey tung G-L11 Effective

Cs.134 3.13E 03 7.44E 03 6.09E43 2.41E43 8.00E 04 1.30E44 3.68E 03

Cs.137 3.68E 02 5.04E42 3.30E 02 1.71 E-02 5.69E 03 9.75E 04 2.31E42

Co S8 9.65E 07 2.16E 06 1.96E45 1.53E 06
,

Mn-54 7.74E Ob 1.48E-05 2.30E-05 2.37E44 4.69E45

Co-60 1.41E45 3.12E 05 2.65E-04 1.78E-04

|
Zn-65 5.57E 02 1.77E41 8.01E 02 1.19E-01 1.12E41 1.66E 01

; Nb 95
St90 7.52E 04 1.85E44 2.17E-05 1.41 E-05

{ Tord 9.64E 02 2.35E 01 1.19E 01 1.38E 01 6.48E 03 1.13E-01 1.93E41

:g Table 9.16

| Case 6.5. Dose From Ingestion of Airborne Contaminated Green Leafy Vegetables

Annual Dose to each target organ (rnRem/ year) 50 year
|g
jg Nudide Bone Uver T. Body Thyroid IGchey Lung G-L1J Effective

Cs.134 3.39E-04 8.07E44 6.60E-04 2.61 E-04 8.67E OS 1.41E 05 4.00E 04

|
Cs 137 6.95E42 9.50E-02 6.22E 02 3.23E 02 1.07E 02 1.84E-03 4.35E42

; Co-58 4.93E-05 1.10E 04 9.99E44 7.83E 05

| Mn-54 6.62E44 1.26E 04 1.97E44 2.03E43 4.01 E-04

Co60 8.03E44 1.77E43 1.51 E-02 1.01E42

f| Zr>65 2.50E44 7.95E 04 3.59E-04 5.32E44 5.01 E-04 7.45E44

!u Nb-95 1.98E 08 1.10E48 5.93E49 1.09E 08 6.70E 05 8.20E-06

St.90

|
Total 7.01E 02 9.81 E-02 6.53E-02 3.32E-02 1.08 E-02 2.05E-02 5.53E-02

;u

| Table 9.17
Case 6.6. Dose From Ingestion of Beef!

Fed Upon Airborne Contaminated Green Leafy Vegetables

,||
' Annual Dose to each target organ (rnRom/yearl 50 year

Nudide Bone Uver T. Body Thyroid IGdney Lung G-tLI Effective

f| Cs.134 1.18E-05 2.82E45 2.30E 05 9.11E46 3.03E46 4.93E-07 1.39E 05

|s Cs 137 2.43E 03 3.32E43 2.17E-03 1.13E43 3.74E 04 6.42E-05 1.52E-03

Co 58 5.54E 06 1.24E 05 1.12E44 8.80E 06

Mn 54 4.62E 06 8.81 E 07 1.37E46 1.41E45 2.80E 06

| Co-60 9.11E 05 2.01E44 1.71E-03 1.15E43
,

2n-65 6.53E-05 2.08E44 9.39E 05 1.39E44 1.31 E-04 1.95E44

tb-95 4.75E-08 2.64E48 1.42E48 2.61E 08 1.61E44 1.97E45

I Sr.90
Total 2.50E43 3.66E 03 2.50E43 1.28E 03 3.77E44 2.19E 03 2.91E 03

:

|
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Table 9.18
Case 6.7. Dose From Ingestion of Green Leafy Vegetables

Irrigated With Contaminated Water

Annual Dose to end target organ (rnRom/ year) 50 year
,

| ' E dido Bone Uver T. Body Thyroid IG e sy Lung G-LLI Effective

|. Cs.134 1.69E 03 4.03E43 3.29E 03 1.30E 03 4.33E44 7.05E45 1.99E 03
I Cs.137 2.06E42 2.82E 02 1.85E 02 9.58E43 3.18E-03 5.46E 04 1.29E 02

Co 58 1.76E45 3.94E45 3.56E44 2.79E 05

Mn-54 2.04E 04 3.89E 05 6.07E45 6.25E 04 1.23E44
Co 60 3.11E 04 6.86E 04 5.84E 03 3.92E-03

Zn 65 3.06E 04 9.75E44 4.41E44 6.52E04 6.14E 04 9.14E44
Nb 95

i Sr90 2.85E42 6.99E 03 8.23E44 5.35E-04

i Total 5.11E 02 3.38E 02 3.OOE 02 1.16F 12 3.62E43 8.88E-03 2.04E-02

|
|
|

| Table 9.19
' Case 6.8. Dose From Ingestion of Beef

Fed Upon Green Leafy Vegetables Irrigated With Contaminated Water

Annual Dose to eed target organ (rnRem/ year) 50 year

Nuclide Bone Uver T. Body Thyroid _flemy - 1.ung G LU Effective

Cs.134 6.07E 05 1.45E44 1.18Ee'. 4.68E45 1.55E45 2.53E 06 7.15E 05
Cs.13 7 7.40E44 1.01E43 6.63E44 3.43E44 1.14E 04 1.96E 05 4.64E 04
Co 58 2.06E-06 4.61E46 4.17E 05 3.27E-06
W 54 1.46E 06 2.80E47 4.36E-07 4.49E 06 8.87E 07

;

Co 60 3.63E 05 8.OOE 05 6.81E44 4.56E-04
Zn.65 8.25EOS 2.62E44 1.19E 04 1.75E44 1.65E-04 2.46E-04

| Nb 95

| St.90 1.53E44 3.76E 05 4.42E 06 2.88E46

I Total 1.04E 03 1.46E43 1.02E 03 5.66E44 1.30E-04 9.19E44 1.24E 03
|

Table 9.20
Case 6.9. Dose From Ingestion of Milk

Annual Dose to es& target organ (mRom/yearl 50 year

% dide Bone Uver T.8&ty Thyroid Kl e ey Lung G-l.U Effective

Cs 134 7.42E44 1.77E 03 1.44E43 5.72E 04 1.90E 04 3.09E 05 8.74E-04

Cs 137 3.42E42 4.68E42 3.07E 02 1.59E42 5.28E 03 9.06E44 2.15E 02
Co 58 1.49E46 3.34E 06 3.02E-05 2.37E46
W 54 6.22E46 1.19E46 1.85E 06 1.91E45 3.77E 06
Co-60 3.48E45 7.67E 05 6.54E44 4.38E44
Zn.65 6.10E44 1.94E 03 8.77E44 1.30E 03 1.22E 03 1.82E-03;

Nb 95 9.02E 10 5.02E 10 2.70E-10 4.96E 10 3.04E46 3.73E 07

! St90 7.21 E-04 1.77E 04 2.08E 05 1.35E45

| Total 3.63E 02 5.06E 02 3.32E 02 1.78E 02 5.47E 03 2.89E 03 2.46E 02

;

|
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j Table 9.21
Case 6.10. Dose F:om Direct Exposure to Contaminated Reed-bed Sludge

'

(mrem / year)

| Exposure 1: tr year Annual Exposure

| Application of sludge to reed bed dose 1.57
| | Total 1.57

Table 9.22
| Case 6.11. Do.se From Inhalation of and Direct Exposure to

Contaminateo Reed-bed Sludge During Sludge Removal
-

Annud Dose to each target organ ImRetn / earl 50 year
E dide Bone Liver T. Body Thyroid IGdney Lung GI-LU Effective

Cs.134
Cs 137 3.26E46 4.2 M M 2.92E 06 1.52E-06 5.13E-07 5.73E48 1.74E 06
Co-58 1.4rE 11 1.91 E-11 8.54E 09 9.79E-10 6.67E-10
Mr>54 1.69E47 2.0 EO8 4.20E 08 5.98E-06 3.31E 07 2.29E 07
Co 60 6.01E47 6.44E-07 2.60E 04 1.24E-05 7.61E 05
2n 65 4.39E-06 1.40E 07 6.31E48 9.35E48 1.17E-06 7.24E 08 2.21 E-07

Nb 95
St90
TotW 3.31 E 06 5.04E 06 3.65E 06 1.65E 06 2.67E 04 1.28E-05 7.83E OS

_

| Exposure Rate Annud Exposure
E dido (fVht) (rnRenVyeer)

Cs 134
Cs 137 9.41E 07 1.51 E-02

Co-58 2.32E 09 3.71E 05
Mr>54 9.27E 07 1.48E 02
Co-fD 1.70E 05 2.73E41
2n 65 1.07E 07 1.71E 03
Nb-95
Sr90
TotW 1.90E 05 3.04E-01

Totd Annud Dose
f0 dido (rnRem/yeer)

Cs 134
Cs-137 1.51E 02
Co 58 3.71E 06
Mr>54 1.48E 02
Co-60 2.73E41
Zr>65 1.71E 03

,

i Nb 95
: St90
! Totd 3.04E 01 <

!
t
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us Table 9.23
Case 6.12. Dose From Direct Exposure to Mechanical Dewatered Sludge

(mrem / year)

.
Exposure per year Annual Exposure

| Mechical dewatering process dose 2.18
General area dose at RWTF 14.54

Total 16.72

I
Table 9.24

Case 613. Dose From Inhalation of Contaminated Sludge-bon.e Dust i

'g
E _.

Annual Dose to eadi target organ (mRorn/yearl 50 year ,

.,_fb dide Bone Uvor T. Body Thyroid Kidney Lung GI LU Effectivo |I '

Cs.134
Cs 137 3.26E-07 4.23E 07 2.92E47 1.52E47 5.13E48 5.73E-09 1.74E47 i

Co 58 1.46E-12 1.91E 12 8.54E 10 9.79E-11 6.67E-11 |-| Mn 54 1.69E48 2.69E49 4.20E-09 5.98E-07 3.31 E-08 2.29E-08 |

" Co 60 5.01 E48 6.44E48 2.60E-05 1.24E46 7.61 E-06

Zn 65 4.39E49 1.40E48 6.31 E-09 9.35E-09 1.17E-07 7.24E-09 2.21 E 08

Nb 95
Sr90
Total 3.31 E47 5.04E47 3.65E-07 1.65E47 2.67E-05 1.28E46 7.83E46

I

,I
e
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Table 9.25
Summation of Doses for General Public

.

(mrem / year)

Pathways Annual 50 Year

,
Case 6.1 6.90E-05 1.64 E-04

| Case 6.2 3.35E 02
i Case 6.3 9.32 E-04 6.39 E-04

Case 6.4 1.19E 01 1.93E 01
Case 6.5 6.53E 02 5.53E 02
Case 6.6 2.50E-03 2.91E 03
Case 6.7 3.00E-02 2.04 E-02
Case 6.8 1.02E-03 1.24 E-03I Case 6.9 3.32E 02 2.46E 02

Case 6.13 3.65E 07 7.83E-06
Total Body 2.86E 01 2.98 E-01

__.

Table 9.26

| Summation of Doses for Wastewater Treatment Plant Worker
(mrem / year)

Pathways Annual 50 Year
Case 6.10 1.57E + 00
Case 6.11 3.04E 01 7.83E 05

,| Case 6.12 1.67E + 01
= Total Body 1.86E + 01 7.83 E-05

!I
;I

|I
,I
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10.0 ENDNOTES

2.0 INS Corporation Roptsford Radioactive Materials License

2i Written correspondence from the Royersford Wastewater Treatment Facility, July 11,1993.

6Ia J. F. Sagendorf, J.T. Goll, and W. F. Sandusky, (eds). " Dispersion Coemcients as a Functm of
Downwind U stance" computet printouts in XOQDOQ: Computer Programfor the Meterological
Evaluatwn ofRoutine Egluent Releases at Nuclear Power Stations. NUREGICR-2919 United
States Nuclear Regulatory Comrnission, Washington D.C., March 1981,

:|i

|8 6Ib John E Till and H. Robert Meyer,(eds). Radiological Assessment: A Textbook on Envsronmental
1)oxe Analysis. NUREG/CR 3332. United States Nuclear Regulatory Commission. Washington

| D C., September 1983, p. 7 5.

| ]
6Ic Sagendorf. Goll, and Sandusky, p. 34

!| 61d INS Corp Gamma Spec. Analysis of Discharged Air from First, Second. Third, and Fourth Quarter
!" for 1992 Royersford.

j
61e Design specification of the plant stack detennines the air flow rate.

| 6 1.f " Calculation of Annual Doses to Man from Routine Releases Emuents for the Purpose of Evaluating
Complit ice with 10 CFR Part 50. Appendix !.* USNRC Regulatory Guia: 1.109. United States'g

|| Nuclear Regulatory Commission, Washington D.C., October 1977, p 1.109-40

61g Regulatory G side 1.109, pp.1.109-44 to 1.109-45.

6Ih Till and Meyer, pp. 7 77 to 7-82.

6II Till and Meyer, p. 7 75.

'

6I2 Regulatoiy Guide 1.109, p.1.109-7

6 1.3 Till and Meyer, p. 2 8
,

6 1.4 " Methods for Estimating Atmospheric Transport and Dispersion of Gaseous Emuents in Routing
Releases from Light Water-Cooled Reactors." USNRC Regulatory Guide 1.111. United States

,

| Nuclear Regulatory Comnussion, Washington D.C., July 1977.

6I5 Till and Meyer, p. 2-8.
,

! 62a Michael J. Bovino. " Radiological Impacts of Emuent Releases to the Atmosphere and Samtarv
Sewer from Interstate Nuclear Senices Spnngfield, Massachusetts.* Interstate Nuc! car Senices,

,

September 1990, p. 7.

6.2 b Royersford plant manager Harry Barnes, esumstes the beginning of Royersford plant operation to
be 1976 The exact year is not available since INS has bought the laundry facility from another

I corporation and does not have the original license.
,

6 2.c Radiological Health Handbook. U.S. Department of Health. Education, and Welfare Washington

;I D C., January 1970, pp. 86 to 87.
<
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62d Regulatory Guide 1.109, p.1.10948.-

|

62e Regulatory Guide 1.109, pp.1.109 41 to 1.109-42.

62i Regulatory Guide 1.109, p.1 '09-7.
.,

,

622 Regulatory Guide 1.109, p.1.109-24.

621 Regulatory Guide 1.111. |

63a Regulatory Guide i 109, p.1.10949.
,,

)|
61b Regulatory Guide 1.109, p 1.109-40.

-

c
'
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.

1.0 INTRODUCTION
,

An appendix to " Radiological Impacts of Efiluent Releases to tbt Atmosphere and Sanitary

I Sewer from Interstate Nuclear Services - Royersford, Pennsylvania" was prepared to
demonstrate impact of INS to the general public if the plant were to release all of its
wastewater at maximum permissible concentrations for expected nuclides* at levels outlined
in 10 CFR 20, Appendix B. Table 3 (" sewer disposal"), efTective January 1,1994.

Due to polit; cal considerations, INS has applied for a National Pollutant Discharge

| lilimination System (NPDES) permit which will allow direct discharge of processed
wastewater to the Schuylkill River and therefore bypass the Royersford Wastewater

.

Treatment Facility. The direct discharge scenario mandates that INS follow 10 CFR 20
|
; Appendix 11. Table 2 (previously known as " unrestricted releases"), instead of Table 3. " sewer

disposal" as is currently followed.

Recognihng that new eP.luent regulations have been significantly reduced, that Table 2 values
; are ten times more restrictive than Table 3, and that it may be economically unfeasible to meet

|g impacts at Table 3 levels As permitted under 10 CFR 20 jl301, this appendix has been

E prepared as a basis for a petition to the NRC to allow " unrestricted" direct-discharge releases
from INS at " sewer disposal" maximum permissible concentration limits.

I

Four liquid pathways from the Royersford pathway analysis produce doses that mainly depend
on wastwater from the plant. Results indicate that ifINS were to directly discharge all ofits
liquid efiluent at maximum permissible concentrations for expected nuclides, the dose to the
theoretical maximally exposed individual is conservatively estimated to be 7.56 mrem per

| year This is within the 100 mrem per year target dose limited stipulated in 10 CFR 20

s1301.

1

I
'

I
'I
!

* Note: " expected nuclides" are those that have either been historically measured, appeared on DOT shipping
papers, or been anticipated to be present in INS liquid efiluent.

3
|

|
:

!
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| 2.0 SELECTED PATHWAY ANALYSES
,

I

i Several exposure pathways were identifies for this study of the effects on doses received if the
; maximum permissible concentration of nuclides in wastewater were released from INS plant.

] For the purposes of this study, the four pathways examined have doses that mainly depend on
wastewater efiluent from the plant. The pathways examined were:;|I |

| Case A 1 Dose From ingestion of Water Downstream From INS Direct
Discharge, )

| Case A.2 Dose From Ingestion of Aquatic Foods Taken From Water Supplies
; With INS Direct Discharge,
| Case A.3 Dose From Ingestion of Green Leafy Vegetables irrigated By Water

j Supplies With INS Direct Discharge,
i Case A 4 Dose From Ingestion of Beef Fed Upon Green Leafy Vegetables

,

ie irrigated By Water Supplies With INS Direct Discharge.
;g

!I
i

:
;
i

:

I
,

+

i:

l
i

I
.

I
4

.
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t

, g. Case A.I
Dose From Ingestion of Water Downstream From INS Direct Discharge'

This pathway was examined to investigate the c(Tect on doses received if an indwidual were toI directly ingest water from the Schuylkill River. The Suburban Water Compans . mees several
commumties with water from the Schuylkill downstream of the Interstate Nuclear Semees plant.
INS had applied for a permit to the Pennsylvania Department of Em,ronmental Resources to make.g

g retc.v,es directly from the Royersford facihty to the Schuylkill River.

Assumpuons-|

1 Dilution factor D,is calculated as the ratio of the Schuylkill River flow rate to the
INS hquid efIluent flow rate.

2 Transport time of nuclide between the release from INS and the ingestion by the

receptor, (t, = 12 hr) ( A.] a)

t Annual consumption of water for an indindual,(U," = 730 f /yr). ( A.I b)

|
1)ata

i Flow rate of INS emuent, (F* = 5,11)7.425 gal /yi) ( A.1 c)

2 Average flow rate of Schuylkill River ,(F" = 1899 ft?/s) ( A. I .d)

3 Maximum water actmty concentration allowed to be released from plant to sewers

i' C"' in Table A. I. (C*,,., - 3E-5 Ci/m/) ( A. I.c)
.

4 Decay constant in Table A 5,().% = 1.32E-! yr'). ( A 1.f)

I 5 Ingestion dose factor for radionuclide i, organ j, and age group adult DFI,in|

Table A 2. (DFi , ,7a %,,,- 4.72E-6 mrem /pCi). ( A. I .g)c
6 Filly ycar ingestion committed dose efTectise for total body DCF in Table A.3,g7

tDCF,, r ,.,, = 7.2ME-9 S$/Bq). ( A. I .h)

'

I

,

,

:!

!

|I
,

|

' <

$
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I
Calculational model.

The annual dose from ingestion of water downstream from INS to organ j of an indindual
is given as:

R, = Q* DFl , e ( A. I .1)* ' *
y

Where.

U ," is the usage factor of water, in /IyT;I M is the mixing ratio at the point of exposure, dimensionless;
dF is the flow rate of liquid emuent from INS. in gal />T;

I Q* is the release rate of nuclide i in water, in Ci/)T.

D FI,,, is the ingestion dose factor for radionuclide i, organ j. and age group a. in
inRem/pCi,

I ). , is the radioactise decay constant for nuclide i, in hr'; and

t, is the aserage transit time required for nuchdes to reach the point of
exposure. in hr.

-

The release rate of nuclide iin water is given as:

Q* = C,* F* 41,2)

Where:

C ,* is the maximum permissibic concentration of radionuchde i in water to be

released from plant to sewers, in pCi/mt; and

F* is the flow rate of hyuid emuent from INS, in gal />T.

The mixing ratio at the point of exposure is given as:

- M'=
1 (A 13)
D

Where'

D, is the dilution factor at the point of exposure, dimensionless.

I
The dilution factor at the point of exposure is given as:

F" (A.I.4)D, = 7

Where:
F' is the flow rate of the Schuylkill River, in fP/s, and

F* is the flow rate of liquid efIluent from INS, in gal />T.

<

I 6

I
- - -_ _. --
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I
Sample Calculation.

The sample calculation has been performed for Co-60 on the Total Body.

(" ' 315E7s 7. 48 gal '

D' = (I'39-)( )T O' <

I r

= 8.76E4

I M'= K76E4
= 1,14E-5

I
'

' 3E-SuCi}' 5 llE6 gal'
3785m/ { IE69Ci

Ciw,
* mt )( yr gal AI , , ,

= 5 80E-1 Ci/yr

('7)(114 E - 5)r5 80E -ICi'' 4.72E- 6 mrem' -(im w'hi:w)' IE12 pCi '( gal
d 3.785t}/
'

,

{ L''_{M ) yr ,( pCi ( Ce*
, ,

I = 1 IRE.3 mrem /yr
;

, ' l 18 E - 3 mrem ' pCi '' 7.28E - 95v Y en '( IE5 mrem 'g*1
yr ,\ 4.72 E - 6 mrem ,( Bq [ 27.027pCi A Sv ,

,

- 6.73E-3 mremI ,

I

I
'I

I -

7

,

,

; .

.
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?

g Case A.2
Dose From Ingestion of Aquatic Foods Taken From Water Supplies!

! With INS Direct Discharge '

!
'

nis pathway was examined to investigate the effect on doses received from sport fish, which are ;;

j assumed to have been taken from the Schuylkill River, downstream of the Interstate Nuclear
,

Semces Royersford plant."

1

| Assumpoons:

; I
j l. Assumpuons made in Case A.! apply.
i 2 Transport time of nuclide between the release from INS and the ingestion by the |

| receptor (t, = 12 hr).

| 3 Anmaal consumpoon of fish for an individual. (U[ = 21 kg/yr) (A.2 a) j

i

i
i l>ata

i

{ g i Flow rate ofINS cfiluent,(F* = 5,107.425 gal /yr).

,] E 2. Same M, as used in Case A.1, (M, = 1.14E 5)

! 3 Same Q* for each nuclide i as used in Case A.I. (Q* .c = 5.80E-1 Ci/yr).
. 4 Bioaccumulation factor for fish B,,in Table A.4,(B,cg = 50 f /kg) ( A.2.b)

!
4

2 Calculahonal model

The anmut dose from ingestion of aquatic foods taken from contaminated water supphes to,

organ j of an indnidual is given as:

I'

' ' ' '
R, = [ Q,* B,, D FI,,, e ( A.2.1)

| I '

!.i Where-

f U,' is the usage factor of fish, in kg$T:

I M is the mixing ratio at the point of exposure, dimensionless;

! F is the flow rate of liquid effluent from INS, in gal />T;
i

| Q,* is the release rate of nuclide i in water, in Ct/>r,

| B, is the equilibrium bicaccumulation factor for nuclide i expressed as the
' rauo of the concentration in oiota to the radionudide concentrauon in

water,in f /kg,I D FI,,, is the ingestion dose factor for radionuclide i, organ j, and age group a, in;

mrem /pCi;*

lj A, is the radioactive decay constant for nuclide i, in hr ; and

{ t, is the average transit time required for nuclides to reach the pint of

{ exposure, in hr.
:

)

E Y

!
1

,I

i s

;

|
i
, _ _
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Sample Calculation-
.

|
The sample calculation has been perfonned for Co-60 on the Total Body.

( 2'p )(114L - 5)' 5 80E - ICis 50['4 72E - 6 mrem''-(i mt-sw-')ti:w) lE12rCa gal-

,

e \ t
. 3 785/ifi pCi C:' (liifM} p ;*

,, s.g i

3 = 1.70E 3 mrem /yr

pCi y IE$ mrem _}'170E-3 mrem'{ 72E-6 mrem Ay 7.28E - 95v {
Bq

" * " ~
( yr ,\ 4. Bq A 27.027pCi A Sv i

= 9 6ME-3 mrem,

i
I

,

I

!

B

I
1

I .

I

! #

!
;

. ,

1|
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LI
||

'

i Case A,3

Dose Frot.. Ingestion of Green Leafy Vegetables Irrigated Ily Water Supplies
,

j With INS Direct Discharge

! I
i This pathway was examined to investigate the effect of waterborne plant efnuent on doses received

i| downstream from ingestion of green leafy vegetables irrigated w1th contaminated water.

l

;_ Assumptions- :

1. Assumptions made in Case A.1 apply.

|- 2 A plant neighbor grows and eats his own green leafy segetables.
4 3 Transit time required for nuclides before imgation, (t, = 12 hr) !

I

| 4 Crops are irngated with contaminated water (i = 1 in/wk).4

$ W 5 100% of deposited matern.1 is retained on the crops, (r = 1). (A 3 a)

j 6 Crops are exposed for 5 month growing season,(t, = W0 hr). ( A 3 b)
7 Producunty yield,(Y, = 2 kg/m ). (A 3.c)Ei
M liki% of the crops is irngated with contaminated water, If, = 1) ( A.3.d) ]j g
9 Duration of accumulation of deposited nuclides approximate plant operational hfe at |

|
j_' 1992 concentrations,(t, = 17 yr). ( A.3 c) )

10 Surface density of scil (P = 240 kg/m2) ( A.3 f) 1
.

,L 1: I day holdup time betu:n harvest and consumption, (t,, = 24 hr) ( A.3 g) )
I 12 Time that deposit remain on vegetable is 14 dap, so the ef"cetive removal rate

constant for radionuclide i from crops is )., = [[,,g = 2 06E-3 hr' (A 3.h)

j 13 Annual consumption of green leafy vegetables for a teen, most conservative case.

(U; = 630 kglyr). ( A.3 i)''

|-

!I Data
I
i

1. Flow rate ofIN5 effluent,(F* = 5,107,423 gal /yr). !
I

2. Same M, as f. mind in Case A.1, (M, = 1.14E-5).I * *
1 Same Q, ' for each nuclide i as used for Cose A.I. (Qc,,y = 5.80E-l Ci/yr).
4 The stable element transfer coefTicient of gt:en leafy vegetables B,,in Table A 4

(Dem, = 9.4E-3 Veg/ Soil). (A.3j) i

I

I
I

I Y

- I
10 ,

i

I |
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Calculational model
,

The annual dose from ingestion of green leafy segetables imgated with contaminated water
to organ j of an individual is given as.

.I
R, = DFI,,, U" C,, ( A.3.1)

Where."

,

D FI,,, is the ingestion dose factor for radionuchde i, organ j, and age group a, in
mRenVpCi,

U is the usage factor of segetables, in kger; and

.
C, := the concentranon of radionuclide i in the edible portion of the crop, m

pct /Lg

1he concentration of radionuclide 4 on edibic portion of the vegetation is estimated as-

rf I - e '' *"''' ff B,1 - e # **bI'i ,

, e " * *'' I iA.3.2): C * = d *' <
' +

Y, A , PA,t
}

f Where.

Jf is the deposition rate of radionuclide i from irrigated water, in pCi/m:-s;

is fraction of deposited activity retained on crops, dimensinnles ,r

A, is the effective removal rate constant for nuclide i from crops, in hr',g

t, is the time period that crops are exposed to contamination during the

3 growing season, in hr';

|| Y, is the agneultural productis1ty (yield), in kg/m:;
f, is the fraction of the year crops are irrigated, dimensionless;

B,, is the concentration factor for uptake of radionuclide i from soil by i
; I

edible pans of crops, in pCiAg (wet weight) per pCi/kg dry soil;;

i
A, is the radiological d: cay constant for nuclide, in hr or yr ;'

a t, is the period of long-term buildup for actmty in sediment or soil, in yr'; )
2 1

P is the efTective surface density of soil,in kg(dry soil)/m ; and|g
t, is the time delay between harvest of vegetation and ingestion by man, in

hr'

||
The deposition rate from irrigated water is given as.

d * = C,,1 ( A.3.3)

.| Where-

|3 C,, is the maximum permissible concentration of radionuclide i in water used

| for imgation, in pCi/f; and

! I is the average irrigation rate during the growing season, in in/wk.

<

.

I 11

i
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| |=
'E The concentration of radionuclide i in the nver is the same as that in water used for

irrigation and may be determined by:

-

C, = h Q* e' '' ( A.3.4)
F

f Where
: M is the mixing ratio at the point of crposure, dimensionless.

F is the flow rate of liquid effluent from INS, in gal /yr;

Q* is the re. lease rate of nuclide i in water, in Ci/yr.

iA, i.( the radioactise decay con <, tant for nuclide i, in br ; and

g t, is the average transit time r: quired for nuclides to reach the point of

|E c'Posure 'a h'-

The elTective removal rate constant for radionuclide i from crops is given as:

l

A , = A, + A, ( A.3.5)g

Where

A, is the radioactive decay constant for nuclide i, in hr'; and'

i, is the rernoval rate constant for physical loss by weathering, in hr'

|
'

Runple Calculation

| The sample calculation has been performed for Co40 on the Total Body.

| 1., = 150E-5 hr' + 2 06E-3 hr'5

a 2 08E 3 hri

(1 14 E - 5) ' 5 80E - ICi (-(oct-w'hi:w ) f gal '( IE12 pCi)
,

(t"P vd.) , yr ) s 3785m/ d Ci )**
,

"
|
'

= 3 42E4 pCUmt

f 3.42 E - 4 pCi lin ' wk 'l m IE6mt't

d'w = -wk , 6 04RE5s a 39 37in m'
I

mt ,i,

| = 144EA pCi/m: s

' '
(l.0) l-e

*

(LOX 9 4E-3) 1 - e'

,,-hxs-v'l2cvIf 3600sg* , { 1.44 E - SpCi ,,

\ m, j (3 'E 2 OsE - 3hr'') (T[L$9E- SV )
a I x hr /

= 12 6 pCi/kg

12

;I
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!

; I |
630kg { l2 6pO '-(,m emj

|.
R* -

,s yr A kgpCi ,<
,

j E = 3.73E-2 mrem />T

1
i
J

Bq Yl 1| ' 12.6 pCi " 630k g ' 7.28 E - 9Sv
27.027pCi [ E5 mrem'

<

H,7-,

SvBqkg ,g 37 ,sj ,
i

= 2.13E-1 mremi g
! g
1

i

i
i
j

i

:

:
1
j

i

4

|

I
I
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Case A.4.

| Dose Frorn Ingestion of Beef Fed Upon Green Leafy Vegetables
irrigated By Water Supplies With INS Direct Discharge j

|

!

| This pathway w:s exarmned to investigate the efTect of waterborne plant emuent on doses received
oownstream Specifically, from ingestion of cattle that ingested green Icafy vegetables imgated mth

| contaminated water

=
1

Assumptions )
'

1 Assumptions made in Case A.3 apply.
2 All beef consumed is contaminated and raised on 100% contaminated green leafy

'I.
vegetables.

1 Amount of contaminated feed consumed by animal, (Q, = 50 kg/ day) ( A.4.a)
4 Amount of contammated water consumed by animal,(Q,, = 50 t/ day) ( A 4 b)

|
5 Annual consumption of beef for an endnidual,(U[ = 110 kglyr). ( A.4.c)

'

!).ita

1 The stable element transfer cocmcient F,that relates the daily intake rate by an
amnul to the concentration in beef in Table A 4,(F = 1.3E 2 day /kg). (A.4.d)rem

2 S.tme concentration of radionuclide i in the animal's feed C, or C, as used in |

Case A 3. (C,.s, = 12 6 pCi/kg)
3 Water activity concentrauon in the rner if the plant was to release the maximum

permissible Coheentration of r3dionuclide i in its liquid emuent C,, in Table A.I.
- (C 4, = 3 42E-4 pCi/mt) ( A.4 c)c

l

C,ileulational model:

The annual dose from ingestion of beef fed upon green leafy vegetables irrigated with
contaminated water to organj of an individual is given as:

R, = T DFI,,, U[ C ( A.4 1)a

Where

I .

Is the ingestion dose factor for radionuclide i, organ j, and age group a. inDFI,
mrem /pCi;

U[ is the usage factor of beef, in kg/>r, and

C, is the concentradon of radionuchde i in beef, in pCulg.

I
,

*
I

t
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The concentration of radionuclide i in beefis estimated as:
,

C., = F, [C,, Q, + C,, Q, ] ( A.4.2)

Where:
F, is the fraction of the animal's daily intake of nuclide i which appears in

each kilogram of beef, in days /kg,
,

| C,, is the same as C,,in Case A.3, the concentration of radionucli.!e i in the
animal's feed, in pCi/kg;

Q, is the consumption rate of contaminated feed try an animal, in kg/ day
(wet weight),

iI C,, is the concentration of radionuclide i in water consumed by animals, in

| pct /0. and

g Q,, is the consumption rate of contaminated water by an anitoal,in t / day.

E!

|

) Sample Calsulatioe

i
| The sample calculation has been performed for Co-@ on the Total Body.
|

|
' I 3E - 2 day '[' 12.6pCi" Sokg ' + ' 3 42 E - 4 pCi ' 50/ '' 1000mt '-!

i C'^ =
-

kg ds kg ,s day , mt (day p t
i q

= x 3M pCi/kg

g'',! 4 72E -6mRe m { l10kg { 8 3XpCi'
r.Ci A yr A kg ,,

= 4.35E-3 mRern/yt

g~ , ' M 3RpCi1110kgI 2.28E-95v "Bq d' IE5mRemi;,

,g ,, e, _ 2,.e2,p ..
'

- 2 4ME 2 mrem

I
I

,

|I

I
'!

4

I

!I
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3.0 SUMMARY

liach case indicates dose to a maximally exposed individual in addition to th: maximum
,

| permissible concentration of radionuclides in the wastewater. Because of the approach

employed in this and some other calculations, this individual is fictitious'

i Table A lo, Summation of Doses for General Public From Liquid Emuent, indicates that the
; annual dose and the fifty year committed dose to a maximally exposed individual of the

general population would receive from INS operations even if all releases were at maimum
permissible concentrations are still relatively low.

Given these conclusions, it is proposed that direct discharge releases from INS to the
Schuylkill River bc ,sermitted to be at levels outlined in Appendix B, Table 3 effective J,muarf |

1,14 4

'

I |

I

I

I

| .
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I



. _ _ - .

'

.

4.0 DATA TABLES.

Table A.1 ;

Maximum Permissible Concentration of Nuclides in Wastewater From INS Plant *

From INS Plant in River
Nuclide (uCi/ml) IpCi/cc)
Cs 134 9E 06 1.03E-04 i

Cs- 137 1E 05 1.14 E-04

Co 58 2 E-04 2.27E 03
Mn 54 3E 04 3.4 2 E-03

Co-60 3E-05 3.42E 04 |

Zn 65 SE-05 5.70E-04 iI I

Nb 95 3E-04 3.39E 03
St90 SE 06 5.71 E-05

I H3 1 E-02 1.14 E-01 4

I

Fe 55 1E 03 1.14E 02
Zr 95 2E 04 2.27 E-03
l129 2E 06 2.28E 05

Il131 1E 05 1.09E 04
U 235 3E 06 3.42E 05
U238 3E 06 3.42E 05I ' Data from USNRC 10 CFR Part 20 Table 3.

J

|

I
Table A.2

Ingestion Dose Factors for Adults (mrem /pCi Ingested)*

Suclide Bone Liver T. Body Thyroid Kidney Lung GI-LLI

Cs 134 6.22E 05 1.48E 04 1.21 E-04 4.79E 05 1.59E 05 2.59E-06I Cs 137 7.97E 05 1.09E 04 7.14E 05 3.70E 05 1.23E-05 2.1 1 E-06

Co-58 7.45E 07 1.67E-06 1.51E 05

( Mn 54 4.57E 06 S.72E 07 1.36E 08 1.40E Ob 1

*
m Co 60 2.14E 06 4.72E-06 4.02E 05

Zn 65 4.84E 06 1.54E 05 6.96E-06 1.03E-05 9.70E 06

g Nb 95 6.22E 09 3.46E 09 1.86E-09 3.42E 09 2.10E-051

E Sr.90 7.58E 03 1.86E-03 2.19E-04

H3 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E 07

Fe 55 2.75E-06 1.90E-05 4.43E-07 1.06E 06 1.09E-06 j

I Zr95 3.04E 08 9.75E 09 SSOE 09 1.53E-08 3.09E-05 I

;

l129 7.56E-07 2.23F-06 8.80E-07 1.89E 04 3.48E-06 1.92E 06

|
- 1131 4.16E-06 F 35E 06 3.41 E-06 1.95E 03 1.02E-05 1.57E-06 |

|
U 235 8.01 E-04 4.86E-05 '. 87E-04 7.81 E-05

U 238 7.67004 4.54E-05 1.75E-04 5.50E-05
|

l * Dose factors from NUREG4172 Table 4

<

Ii
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! Table A.3

| Fifty Year Committed Dose EfTective (Sv/Bq)*

; I
j Nuclide Ingestion

Cs 134 1.98E 08

| Cs 137 1.35E-08
Co 58 3.20E 10', Mn 54 7.48E 10

| Co-60 7.28E 09
j Zn 65 3.90E 09
i Nb 95 6.95E 10
| Sr 9^ 3.85E-08

Ij H-3 1.70E 11
i Fe 55 1.54E 10

| Zr 95 1.02E 09

| |129 7.45E 08 )
1131 1.44E 08 ]i

| g U 235 7.22E 09
j g U 238 6 42E 09

| * Data from NUREG/CR 3332 Table 7 21.

'

.1
TaNe A.4

| liioaccumulation Factor and Stable Element Transfer Data'
!

! Fish Bai Vegetable Biv Meat Ff

). Nuclide inCi/kg per pCill) (Veg/Soill (day /kgl
i Cs 134 2.0E + 03 1.0E 02 4.0'~ 03

! E Cs.i37 2.0E . 03 3.0E.02 4.r 03

i 3 Co 58 5.0E + 01 9.4E 03 1.3E 02

{ Mn 54 4.0E - 02 2.9E 02 8.0F 04
Co 60 5.0E - 01 9.4E 03 1.3E 02I Zn 65 2.0E + 03 4.0E 01 3.0E 02
Nb 95 3.0E + 04 9.4E 03 2.8E-01
St90 3 OE - 01 1.7E 02 6.0E-04
H3 9.0E 01 4.8E + 00 1.2E 02

Fe 55 1.0E + O2 6.6 E-04 4.0E-02
Zr 95 3.3E + 00 1.7E-04 3.4 E-02

1129 1.5E + 01 2.0E-02 2.9E 03
|131 1.5E + 01 2.0E 02 2.9E 03
U 235 2.0E + 00 2.5 E-03 2.4E 04
U 238 2.0E + 00 2.5E 03 2.4E 04

'D.ita from NUREG/CR-3585 Tables D-11. D-12, and D-14

,

I
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i Table A.5
~

4

Decay Constant of Radionuclides *

Nuchde 1/yr 1/hr
Cs 134 3.38 E-01 3.86E 05
Cs 137 2.31E 02 2.64E-06
Co 58 3.55E + 00 4.05E 04
Mn.54 8.35E 01 9.53E 05
Co 60 1.32E 01 1.50E 05
2n 65 1.03E + 00 1.18E 04. ,

j Nb 95 7.23E + 00 8.25E-04 i

j St90 2.47E 02 2.82E 06
i H3 5.64E 02 S.43E 06

Fe 55 2.67E 01 3.04E 05'

Zr-95 3.89E * 00 4.44E 04 :

1
1129 4.08E 08 4.65E 12
1131 3.14E - 01 3.59E-03
U 235 9.76E 10 1.11 E-13
U 238 1.54 E-10 1.75E 14

* Data f rom Radurdogucal llealth flandbook

Table A 6
Case A 1 l.iose From Ingestion of Water Downstream From INS Direct Discharge

|

~ '

Annual Dose to endi target organ (mrem /yaarl 50 year

I farintei Ik uin Uvor T.Dody Thyroid KJrkioy tung G-LLI Effective '

Cs 134 4.66E 43 1.11E42 9 07E43 3.59E43 1.19E43 1.94E44 5.49E43
Cs 137 6 G4E O3 9.OSE43 5.95E-03 3.08E43 1.02E43 1.76E=04 4.16E43
C.> 68 1.24E 03 2.77E 03 2.50E42 1.96E43
PA. 54 1.14E-02 2.18E43 3.39E-03 3.49E42 6.91E-03 ,

Co-60 5 35E44 1.18E43 1.00E 02 6.73E 03

| 7n-65 2 01FO3 6.41 E 43 2.89E 03 4.18E43 4.03E 03 6.00E43 ]
| th95 154F 05 8.56E 46 4.60F 46 8.46E46 5.20E42 0.36E-03 l

I St90 3.16E41 7.75E 02 9.12E43 5.93E43
| H3 8.75E 43 8.75E43 8.75E43 8.75E43 8.75E 03 8.75E43 5.24E-03

Fe55 2.29E42 1.58E42 3 69E43 8.83E43 9.08E 03 4.74E43

| Zr 95 5 04E45 1.62E-05 1.09E-05 2.54E45 5.12E42 6.25E43
1129 126E45 3 72E45 1.47E 05 3.15E 03 5.80E-05 3.20E45 4.59E43
1-131 3.32E 44 4.75E44 2.72E44 1.56E41 8.14E-04 1.25E44 4.25E43
U 235 2.00E-02 1.21E 03 4.67E 03 1.95E43 6.68E-04

U238 1.92E42 1.13E43 4.37E 03 1.37E-03 5.94E44
Total 3.92E41 6.49E42 1.17E 01 1.67E 01 3.30E 02 1.98E42 2.08E-01 6.99E-02

_.
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Table A.7

Case A 2. Dose From Ingestion of Aquatic Foods Taken From Water Supplies
;

With INS Direct Discharge

Annual Doge to each target organ (mrem / year) 50 year

Nudida B.,n e Uver T . Body Thyroid Kidney Lung GI LLI Effective

Cs 134 2.68E 01 6 38E 01 5.22E 01 2.07E 01 6.86E-02 1.12E-02 3.16E-01

Cs 137 3 82E 01 5.22E 01 3.42E 01 1.77E 01 5.89L-02 1.01E 02 2.39E-01

Co 58 1. 7 8E-03 3.98E 03 3.60E 02 2.82E 03

I Mn 54 131E 01 2.50E 02 3.91E 02 4.02E-01 7 95E 02

Co 60 7.69E 04 1.70E 03 1.44E 02 9.68E 03

Zo65 1.16E 01 ? 69E 01 1.67E 01 2.46E 01 2.32E 01 3.45E-01

I teh 95 133E O2 7 39E 03 3 97E 03 7.30E -03 4.48E + 01 5.49E + 00
,

| Se30 2 7 2t 01 6.69E.02 7.87E-03 5.12E 03

H3 2.26E 04 2 26E 04 2 26E-04 2.26E 04 2 26E 04 2 26E 04 1.36E 04

f- 55 6 59f 02 4 55E 02 106E O2 2.54E 02 2.61E 02 1.36E 02

I /r 95 415st 06 1.53f G6 104E 06 2 41E 06 4. 8 6E-03 5.94E 04

1123 5 411 06 1 EOE G5 6.33EO6 136E 03 2.50E 05 1. 38E -05 1.95E 03

1 131 1.43E 04 2 05E 04 1.17E 04 6.71E-02 3.51 E-04 5.41E 05 1.83E-03

U235 1 1 SI 03 6 99E 05 2 69E-04 1.12E 04 3.84E-05I ,U ?)3 , ,,1_100 03 6 53E-05 2.52E 04 7 91E-05 3 42E 05'

ined 1 12E 09 1. 7 2E 00 1.14E + 00 6 87E O2 6.78E 01 153E 01 4.56E + 01 6.51E + 00

Table A 8
Case A.3 Dose From Ingestion of Green Leafy Vegetables

lirigated By Water Supplies With INS Direct Discharge
|
|

Annoni Dose to eact) targm organ (mRom/yearl 50 year

E
~fb dide Bone Uvur T. Body Thyroid Klchey Lung GlLij Effective

Cs 134 1.45E 61 3.45EC1 2.82E 01 1.12E-01 3.71EO2 6.04E 03 1.71E 01
'

E G 137 2 14E 01 2.93EO' 1.92E 01 9.93EO2 3.30EC2 5.66EO3 1.34E-01

Co 58 3 23t-02 7 2SEC2 6.5GEC1 5.14E 02

un 54 3 46E 01 6.60E C2 1.03E 01 1.06E - 00 2.OSE-01'

,

Co 60 1.69E O2 3.73E 02 3.1 EE01 +.13EC1'

7+ 65 6 37EO2 2.03E 01 9.16EC2 1.36E 01 1.28E 01 1.90E 01

i f.b- 95 3 4 iE44 1.90E-04 1.02E44 1 87E-04 1.15E + 00 141E 01

9 90 1.03E 01 2.53E + 00 2.95E-01 1. 34E-01'

H3 2.46E + 00 2.46E + 00 2.46E + 00 2.46E + 00 2.46E + 00 2.46E -00 1.47E + 00

! Fe55 7.13E O 1 4.92E 01 1.15E01 2.75E 01 2.83E 01 1.48E 01

Zs95 1.30E O3 4.16E44 2.82E44 6.53E44 1.32E + 00 1.61 E-01'

l129 418E44 123E 03 4.87E 04 1.05E 01 1.93E 03 1.06EO3 1.53E 01'

1131 3.52E 03 5.03E 03 2.88EO3 1.65E + 00 8.62E 03 1.33E-03 4.50EO2

U-235 6 36EC1 3.86E 02 1.49E01 6.21E 02 2.12EC2I U 238 6.09EC1 3.61E 02 1.39EO1 4.37E 02 1.89E-02

Total | 1.2 7E 4 01 4 20E + 00 5.93E +00 4 22E < 00 3.21E + 00 2.81E + 00 7.79E + OOi 3.32E +00

I .
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Table A.9
Case A 4 Dose From Ingestion of Beef Fed Upon Green Leary Vegetables

traigated By Water Supplies With INS Direct Discharge

Annual Doss to each target organ ImRern/ year) 50 year

FAidido Borm Uvor T. Body Thyroid Kidney Lung GI LU Effective

Cs 134 5.21E 03 1.24E-02 1.01 E 42 4.01 E-03 1.33E43 2.17E44 6.13E43
Cs 137 7.67E-03 1.05E-02 6.87E43 3.56E43 1.18E43 2.03E-04 4.81E43
Cn 58 3.79E 03 8.50E43 7.69E 02 6.03E 03
fM 54 2.48E 43 4.74E-04 7.39E44 7.61E43 1.50E43
Co 60 1.97E43 4.35E43 3.71E42 2.48E42
In t15 1 71F 02 5.45E O2 2.47E 02 3.65E42 3.44E 02 5.11 E 02

fa>95 8.66E 04 4.82 E 44 2.59E44 4.76E44 2.92E + 00 3.58E-01
i

i S< 90 5 55E-02 1.36E42 1.60E43 1.04E43

ij H3 2.59E 01 2.59E41 2.59E 01 2.59E41 2.59E 01 2.59E-01 1.55E41'

,

|| ! l << 5 5 2 56E 01 1.7 7E 01 4.12E 02 9 86E-02 1.01E 01 5.30E42
j /i 9:3 3.98L44 1.28E 44 8.64E-05 2.00E 44 4.04E 01 4.94E-02

!.129 1.00E-05 3 21E45 1.26E45 2.72E 03 5.00E-05 2.76E45 3.96E43

I l-131 9 63F OS 1.38E-04 7 89E45 4.51E 02 2.36E44 3.63E45 1.23E43
02'i5 1.3 /t 03 8.31E 05 3 20E 04 1.34E44 4.57E45

; QL 238 . 1.31C 03 7.76E45 2 99EOS 9.41E45 4.06E45

T oud | 3 45E 01 5.22E O1 3 69E41 3.07E41 3.05E41 3.60E 41 3.85E + 00 7.16E41
.

' |
Table A.10

Surnmation of Doses Frorn Liquid Effluent
g

:|'

Pathways Annual 50 Year
Case A.1 1.17E-01 6.99E 02:

| Case A.2 1.14E + 00 6.51 E + 00
: Case A.3 5.93E + 00 3.32E + 00

Case A.4 3.69E 01 7.16E 01
Total Body 7.56E + 00 1.06E + 01,

<

21
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Nuclear Regulatory Commission, Washington D C., October 1977, p i 1094,9.

A1b Regulatory Gmde 1.109, p I.109.40

AIc Royersford 1992 Water Results

A1d Pottstown Recording Station record of the Schuylkill River for 64 years
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A Ii Hrgulaten Gmde ! 109, p I.109-6x
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chroine intake * Nt: REG 0172 Unned States Nuclear Regulatory Comnussion Washington D C ,
Nosemhr I'm, p 20 to 24 ,

I

AIh Jol.n E Ti;l as,d H Robert Meyer. (eds) Radwlogical Assenment: A Textbook on Ennronmemal
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l

A2b O I Or.tunah and G W Roles "De A/immis Waste impacts Anal) sis Methodology."
NUREG/CR MM Umted States Nuclear Regulatory Comnussion. Washington D C Febnury ,
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