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L Regulatory Guide 1.109
L

= Reqgulatory Guide 1.109, “Calculation of Annual
Doses to Man from Routine Releases of Reactor

Effluents for the Purpose of Evaluating Compliance
With 10 CFR Part 50, Appendix I

= Intended primarily for calculating doses to

demonstrate compliance with 10CFR50 Appendix |
effluent ALARA objectives

= Also applicable to demonstrate compliance with
10CFR20 and 40CFR190 dose limits



L History

Regulatory Guide 1.109, Revision O first issued in March
1976

Extensive revision reissued as Revision 1 in October 1977 to

address consistent approach to demonstrating compliance
with 10CFR50 Appendix I; **Current Version Available**

Based on modeling approaches developed in 1960s-1970s,
use dose factors from ICRP-2, circa late 1950s

Incorporated into NRC computer codes LADTAP and GASPAR

Possible updates being considered to support new

construction and transition to ICRP-103; likely several years
off



L Sections of RG-1.109

Regulatory Position — first section of report containin% major equations
for calculation of all liquid and gaseous exposure pathway doses

Appendix A — Liquid effluent pathways expanded equations, factors,
and assumptions

Appendix B — Noble gas pathways expanded equations, factors, and
assumptions

Appendix C — Gaseous effluent particulate, iodine, tritium, C-14
pathways expanded equations, factors, and assumptions

Appendix D — Population dose assumptions (no longer required)

Appendix E — important numerical constants, usage factors, dose
conversion factors, etc.

Appendix F — Methods for evaluating the noble gas | function



L Digesting RG-1.109

= RG-1.109 contains a large number of
equations and data tables

= Can appear to be a daunting task the first

time one reads Iinto the document...
equations are SCARY!!!

= Question: How do you eat an elephant?
= Answer: One bite at a time!



General Approach

e

= Logical progression of steps

1. Use effluent release to calculate nuclide concentrations

In environmental media of interest, usually air, water
and food products... pCi/m3, pCi/L, pCi/kg

2. Multiply media nuclide concentration by human intake
and consumption rates to calculate radionuclide intake...
pCi/kg * kg/yr = pCi/yr

3. Multiply radionuclide intake by dose conversion factor to
determine resulting dose...
pPCi/yr * mrem/pCi = mrem/yr

= Consumption rates and dose conversion factors
are age-specific... infant, child, teen, adult



L Understanding Equations

= Become accustomed to dimensional analysis;
make sure units cancel each other out when

multiplying and dividing; uncanceled units
make up term of interest

= Pay special attention to time units, especially
In half-lives, decay constants, delay times,

buildup times, etc. — some equations use
differing units



L Equilibrium Buildup Equation
L

= Appears in many equations; has units of time = hours, days,
years; larger value for long half-life —> 1-131=small,

Cs-137=BIG, due to less decay over duration of buildup
= ~95% equilibrium reached after ~4.3 half-lives

Assumed buildup period -
hours, days, or years

[1 - exp(qa5it, )]

*ik

Nuclide half-life - In(2) + T1/2,
inverse units of hours, days, or
years




L

L Exposure Pathways - Liquid

= Liquid Effluent Pathways
= Potable Water ingestion — internal radiation
= Aquatic Food ingestion — internal radiation
= Shoreline Deposits — external radiation
= Irrigated Crop ingestion — internal radiation
= Milk and meat ingestion — internal radiation

= Animals derive radionuclide intake from drinking

contaminated water and eating irrigated vegetation
and forage



L Exposure Pathways - Gaseous

= Gaseous Effluent Pathways
= Noble gas exposure — external radiation
= Ground deposition exposure — external radiation
= Inhalation — internal radiation
= Crop ingestion — internal radiation
= Milk and meat ingestion — internal radiation

= Animals derive radionuclide intake from eating

vegetation and forage contaminated by deposition,
direct on vegetation or uptake from soil by roots



Liquid Discharge -

General Equation
.

= RG-1.109 Equation A-1

Usage factor for age class a
of exposure pathway p -

kglyr, Liyr, hriyr
Dose to age class a from
radionnuclide | in exposure pathway p
to organ | - mrem/yr

Raipj ip| | ap Daipj

/

Concentration of radionuclide |
In exposure pathway p - pCi/kg,
pCilL, pCiim"2

1!
(g
L

Dose factor for age class a from
racdionuclide i in exposure pathway p
to organ j - mrem/pCi, mrem/hr



Liquid Discharge
Ingestion — Potable Water

L
= RG-1.109 Equations 1, A-2

Dose - mrem/yr
for age group a,

organ | Usage factor - Liyr ~ Mixing ratio -

\ for age group a dimensionless Nuclide release - Cilyr
U
‘ apH p\

Rapj [~ [1190] = % Q3|Pajpj|fexP(-2;t,)

Unit cc:nversic:n/ / Decay term

factor, Cilyr Dose Factor - mrem/pCi
- pCi

anq ft'3/sec to _ for age a, organ |

pCilL Flow rate into water body -

ft"3/sec



Liquid Discharge
‘L Ingestion — Fish, Invertebrates

= RG-1.109 Equations 2, A-3

U. M
= 1100 _Eg_E.Z Q; | B D, sniexp{-A;

: ip aipJ
;fffffk

Bioaccumulation factor for nuclide i in media p -
pCikg per pCi/L; element-specific

freshwater vs. saltwater

fish vs. invertebrate

R
ap)




Liquid Discharge
L Ingestion — Water, Fish, Invertebrates
L

s Examination of common factors

= Values in red boxes determine the concentration of
nuclide i in receiving body of water

U
= ap
Rapj 1100 -

4oy

Q; Daipj exp(-litp)

= Other values affect concentration in media, resulting dose



Liquid Discharge
Shoreline Recreation

L
= RG-1.109 Equations 3, A-7

Shoreline width factor at

exposure location; ranges

from 0.1 for steep slope like  Equilibrium buildup term, assumed to be
canal bank, to 0.5 for ocean 15-yrs for midpoint of plant operating life;
beach, to 1.0 for tidal basin important only for long-lived nuclides

Shoreline use factor -
hr/yr

1 W
R. . = 11oummﬂEEEF b 0.T, (P

ap) / i /
Proportionality constant to convert Nuclide External dose CC{nVELSiGH factor -
Cifyr and ft"3/sec to pCi/L, with half-life - mrem/hr per pCi/m”2

assumptions of transfer of nuclide days
activity from water to sediments

[exp(-kitp)][T - exp(-2;t,)]

aipj




Liquid Discharge
Sediment Concentration — pCi/kg

h;>
= RG-1.109 Equation A-4
Concentration Concentration of
of n_UC“dE 1in nuclide i in water
sediment -

_ pCi/L

C..[I[1 - exp(-Ar.t }]
c.. |=lk [E¥ - "1b
1S c Xz
1
Transfer coefficient from Buildup term
water to sediment - based on 15-yr,
L/kg-hr=0.072; one midpoint of plant
value for all nuclides, life

but likely depends on
element and type of
sediment



Liquid Discharge

. Sediment Concentration — pCi/m”n2

= RG-1.109 Equation A-5

Area sediment Concentration in

concentration -  water - pCi/L
pCi/m"2; assumes Shoreline width
2.5 cm layer factor

/

S:/=(100| T.|C. (1 - exp(-2;t,)]

1 17w
Proportionality _ _
constant - Nuclide half-life /
L/m*2-day; - days
combines K Portion of buildup
transfer equation

coefficient, soil
density in 2.5cm
layer, time
conversion



Liquid Discharge

" Irrigation Ingestion — All Pathways

= RG-1.109 Equations 4, A-13

For all radionuclides except tritium:

r{l - exp{-AEit&}] fIBiv[] - exp{-lith}]
h}Dai' ) +
PJ

ik

veg )
ul-? ) diexp(-ast

“apj | Vap 4 T Py
; r[1 -~ exp(-Acit ) S
animal E1'e
+ Uap E Finnaipj {quiE“p('lith) [_ Y pcse fr::m crop
1 | 4 ingestion
R Gt U -
PAI 1Aw ™ Aw

For tritium:

_ Ve . panimal "
Rapj Uap Cvﬁapj : Uap Dapj Fn{cqu anqhw}

Dose from meat ingestion



Liquid Discharge
Ingestion — Vegetables and Crops

.
= RG-1.109 Equation A-8
Foliar contamination Root uptake term - "internal”
term - "external contamination of plants from
contamination on uptake from soil by roots

Concentration in

vegetation - pCi/kg surface of plants

iv i
?VA PX.

Ei ] /
/ Decay between time of

Deposition rate - pCi/m~2-hr, harvest and time of
product of water concentation in consumption
pCi/L and irrigation rate in L/hr

= For tritium, concentration in vegetation assumed to
be same as that in irrigation water

r[1 - exp(-ap.t )]| [f,B. [T - exp{-a,t. )]
. 7| [ === = | ety




Liquid Discharge
Ingestion — Vegetables and Crops -2

.
= RG-1.109 Equation A-8
Fraction of deposited Fraction of year Soil to plant transfer
activity that remains that crop is coefficient - pCi/kg in plant

on plant - er pCi/kg in soil
gated \ Per pLi/kg

[1 - EKP('lEite)] EIBW (1 - exp{-lith]]

Ciy = 4 —= + = exp(*hith}
v ||'Ei i
X
Vegetatm- Soil density - kg/m”2
kg/m"2 Effective half-life of
activty on surface as
a function of

weathering



Liquid Discharge

Ingestion — Animal Products
B

= RG-1.109 Equation A-11

Concentration of

C tration of C : nuclide i in water
oncentration o ohcentration bCi IL: zero if

nL_JcIide [ _in media of ruuclide iin animals don't
milk - pCi/L, animal forage drink affected

meati- pCi/kg pCi,fkg/ Wy

Cin|= | Fia [CICip[QF] *| C1aw| Ra
Stable element Fcrag>ingesti::}n

transfer coefficient -  rate - kg/day

pCi/L per pCi/day

for milk; Water ingestion
pCi/kg per pCi/day rate - Liters/day

for meat



Liquid Discharge

Irrigation Ingestion — All Pathways

.
= RG-1.109 Equations 4, A-13

For all radionuclides except tritium:

r{l - exp(-A..t }] f,B, [1 - exp{-2.t )]
R .=U:Egzdexp R L = 2305 SRS G =5 L
apj | Vap 4 b JEd 1
rl1 - exp(-Ag.t )
an1ma1 Ei'e
+ U3 E F.aD aipj {aFdiE“p('lith} [_ Vs Pmse frnm crop
_ v ingestion
[1 - exp(-a;t )]
I iv i'h
¥ i * Cimlaw
For tritium: T_T___ on of
e ose from ingestion o
Ry @ :ﬁgcvnapa u:;nna Dapj FAlCOF * Caulay) animal products, milk & meat



Gaseous Noble Gases
Gamma Air Dose from Stack >80 m high

i
= RG-1.109 Equations 6, B-1

Unit conversion factor to calculate mrad/yr Numeric integration
mrad-radians-m"3-disintegration/sec-MeV-Ci constant as a function of
release height, wind Photon yield for
Gamma air _ - speed, stability class, :
dose at Joint frequency of stability vertical plume standard g?::;nlfflrr;;njiy;y of
distarcatin class s in wind speed class n  deviation, and photon noble gas |
sector § 2 sectorﬂ/ gneriy; dm;nsléonless photons/disintegration
ee Appendix
mradf’yrl : ] I e -
Y - m—l = f E I(H,u,8,0_,E | A
D (I",'E‘) 28) E - ns ; U&( k) Ek ( 141350, k) Z QH'I ki
Al ks
: . irencray Energy Reléase rate
z:gance ' Sector Meanwind  apsorption of the of noble gas i
ptor : speed in fficient f :
meters width for P coefmcient 1ar k-th decayed for
averaging at wind speed  k-th photon photon transit to
receptor class n energy group energy distance r
radians misec 1/meters group under wind
MeV speed class n

Cifyr



Gaseous Noble Gases
- L Transit Decay Correction for Noble Gas

= RG-1.109 Equation B-3

Release rate of Note that decay
noble gas i Decay ::cn.stant for onstantis
corrected for decay q?ble 98| __—"based on

at distance r under =ec nuclide half-life
wind speed un in seconds
Cifyr \

| =[] exo([ 2] 1 "“nJ)\
/

Initial release rate of Distance to Mean wind speed
noble gas i receptor meters/sec
Cilyr meters



Gaseous Noble Gases

b Gamma/Beta Air Dose from all Releases <80 m high

= RG-1.109 Equations 7, B-5

= Receptor assumed to be immersed within plume

Atmospheric dispersion
Gamma air dose or coefficient X/Q at
Beta air dose at Annual release distance r in sector

distance r in sector rate of noble gasi  sec/m"3

Cilyr decayed for transit to
R \ receptor location
//

0"(r,0) or 08(r,0)|= [3.17 x 10%) 1[0, | |Curad’ e, | foF or 0Ff)
1

Unit conversion factor

pCi/Ci + sec/yr Dose conversion factor for

noble gas i for Gamma air
dose or Beta air dose
mrad-m"3/pCi-yr



Gaseous Noble Gases

B

= RG-1.109 Equation B-4

Airborne
concentration of
noble gas i at

distance r in sector 6
pCilm?3

Ki(rne)

3.17 x 10°

L Noble Gas Ground Concentration

Release rate of
noble gas |

Ci:’yy
Q.

o

Unit conversion
pCI/Ci + sec/yr

[K/Q]D(rﬁe)

Atmospheric dispersion
coefficient X/Q at
distance r in sector 6
sec/m*3

decayed for time of
transit to distance r



Gaseous Noble Gases
Total Body Dose from Stack >80 m high

.
= RG-1.109 Equations 8, B-6
Total body dose Gamma air dose Tissue energy
at location{r,2} at location{r, 8} absorption coefficient

mremfy/ mradfyr/ cm“2fgry

0'(r,0)| =[1.01] [ Sp [T [o¥(r0) | exol [-u] ()|t

Average ratio of Shielding Product of tissue density
tissue to air factor for and depth used to calculate

total body dose

energy absorption residential
grams/cm®2

coefficients structures
Qutdoor =1
Indoor=0.7



Gaseous Noble Gases
Skin Dose from Stack =80 m high

B

= RG-1.109 Equations 9, B-7

Annual skin dose

at location (r,&)

mrem/yr

N

0°(r,0)

L1

Gamma skin dose

component at location (r,0)
calculated from gamma air

dose at location(r,8)

adjusted for shielding and

energy absorption
mrem/yr

Beta skin dose component at

location (r,@)
from immersion within a

semi-infinite plume of noble gas

mrem/yr

\

1.11 SF Dy{r,0)|+

3,17 x 10 Q]| L2l {rse)

DFSi
!

17 f/
/ Atmospheric
Annual dispersion
release rate coefficient X/Q at
of noblegasi location(r,@)
Cilyr sec/m"3

N

Beta skin dose
conversion factor
assuming immersion
within a semi-infinite
cloud of noble gas i
mrem/yr per pCi/m"3



Gaseous Noble Gases

B Total Body Dose for all Releases <80 m high

= RG-1.109 Equations 10, B-8

= Receptor assumed to be immersed within plume

Ground-level airborne

Annual total body T i
dose at location concentration of noble
gas i at location

mrem/yr \ T \

D1(r,6)|= | S¢ | ] [x;(rse)||OFs;
1

Residential / Total body dose conversion factor
shielding/attenuation assuming immersion within a

Eactor semi-infinite cloud of noble gas i
mrem/yr per pCi/m"3




Gaseous Noble Gases
Skin Dose for all Releases <80 m high

i
= RG-1.109 Equations 11, B-9

= Receptor assumed to be immersed within semi-infinite plume

Gamma skin dose
component at location

calculated from ground-level Beta skin dose component

immersion gamma air dose at location

at location from immersion within a
Annual skin dose iy sted for shielding and semi-infinite clooud of noble

at location energy absorption gas \

mre\mf‘yr mrem/yr \ mrem/yr

10 Se ] oxgri0)oFY |+ ] [x,(rs0)] | OFS,
1

1 /" \
Beta skin dose

Di[r,a)

Ground-level concentrationin = o ersion factor
semi-infinite cloud of noble gas i assuming immersion
o lacafion within a semi-infinite
pCi/fm"3 cloud of noble gas i

mrem/yr per pCiim"3



Gaseous Effluent
L Ground Deposition
.

= RG-1.109 Equations 12, C-2

Dose factor for

Shielding organ j when
Factor - standing on

Dose to organ j Indoor 0.7 contaminated

mrem/yr at
location{r, @)

\

per pCi/m”2

Outdoor 1 ground - mrem/hr

L

Hours/yr Ground plane

concentration of
nuclide i at
location{r,8)

in pCi/m~2

D3 (r.0) =‘B?6U Se 1 [c3(r,0)| |OFG, .
1/




Gaseous Effluent
L Ground Deposition Concentration
.

= RG-1.109 Equation C-1

Ground plane Atmospheric
concentration of Ground deposition
nuclide i at coefficient D/Q at
location{r,8) location{r,®)

in pCi/m~2 pCi/Ci in,1/m~2

[ £ —=

17
1.0 x 10~ G,{r,8 .
E?{r,ﬂ} ) E X 1| [E8;{r>8)| Q,] 01 - eplat)]

Buildup term




Gaseous Effluent
L Inhalation of Radionuclides in Air
L

= RG-1.109 Equations 13, C-4

; Airborne
Dose to organ j of concentration of
age class a at M

location (r,0) location (r,0)

mrem/yr \ pCi!Tj‘B
A 5
Dsa(rs0)|=(R, }1: x;(rs0)|FA; .,
Inhalation rate of Dose factor for
age class a - organ ] In age
m”3/yr class a from
nuclide i -

mrem/pCi inhaled



Gaseous Effluent
Concentration of Radionuclides in Air

L
= RG-1.109 Equation C-3
Airborne Airborne dispersion
concentration of coefficient X/Q at
nuclide i at location (r,0Q)
location (r,0) in sec/m”™3 \
pCi/m~3
/
x; (r) [=3.17 x 10%| [O5][[x/Q2%r,0)
Unit conversion for Release rate of

pCi/Ci divided by sec/yr - nuclide i -
pCi-yr/Ci-sec Ci/yr



Gaseous Effluent

B Concentration of Radionuclides in Vegetation

= RG-1.109 Equation C-5

= Similar to liquid equation A-8, except for atmospheric deposition

Concentration in vegetation
at location (r,8) in units of

pCiﬂV
r(1 - exp(-ag:t )] By, [1- exp(-2.t,)]

E".'(r,a} =/ d. (1,0 )< ———  —— oD (-2t )
i i \fv lEi P }‘i 1°h

Deposition rate of nuclide i at
location (r,9)
in units of pCi/m~2-hr

Decay between time
of harvest and time
of consumption



Gaseous Effluent

Deposition of Particulate Radionuclides on
A Vegetation

= RG-1.109 Equation C-6

Ground deposition

Deposition rate of nuclide i at coefficient D/Q at
location (r,8) location{r, o)
in units u{pCiHm""Z-hr in lf/m"“‘Z

d;(r,8)[=[1.1 x 108

il

Unit conversion of pCi/Ci RE"E_E'SE_FE'IE of
divided by hours/year - ”!-"j'de g =

i- i- Cifyr
pCi-yr/Ci-hr

5.(r,8)|(0Q,




Gaseous Effluent

A Deposition of Radioiodines on Vegetation

= RG-1.109 Equation C-7

Ground deposition

Deposition rate of nuclide i at coefficient D/Q at
location (r,8) location{r,0)
in units of pCi/m~2-hr in 1/m~2

7 s

d.(r,0) |=5.5 x 107 [[ 5. (r,0)| [0

Release rate of

Unit conversion of pCi/Ci G
huclide i -

divided by hours/year - :
pCi-yr/Ci-hr Cifyr
assumes 50% of iodine

is elemental and

subject to deposition;

non-elemental assumed

to remain airborne



Gaseous Effluent

Concentration of Carbon-14 in Vegetation

L
= RG-1.109 Equation C-8
Concentration of Fraction of plant Carbon content of
C-14 in vegetation mass assumed to atmosphere,

at location (r,9) be carbon g/m~™3

pCi!k:_:j/ pCi/Ci 7 a/kg + sec/yr

Y (r0) |=[3.17 x 107] p [a JTxad(r,0) ﬂ.11fFL15

[}

2.2 x 10’ [p |04 [[x/Q3(r,0)

Prc}duc_t of Fractional ‘equilibrium AF”"DEF’_hE"iC
Simlads ratio, hours of release  dispersion
constants

per yr divide by hours C“E‘cﬁd?”t X/Q
of photosynthesis/yr at location (r,e)



Gaseous Effluent

Concentration of Tritium in Vegetation

L

= RG-1.109 Equation C-

Concentration
of tritium in

vegetation at
location {r.8)

pCi/kg

9

Ratio of tritium
Fraction of concentration
plant mass in plant water
assumed t0 tg tritium
be water  concentration
in atmospheric

pCi/Ci *g/kg + sec/yr water

CY(r.0) = 3.17 x 10’

@] Dx/altr,e) 075 dp.s]m

=[1.2 x 10| [0 |[x/Q3(r 8]/ [H

Benduck of A!:mosp_herlc AbsqluFe |
A dispersion humidity in

coefficient X/Q at atmosphere at
constants

location{r,e) location {r,8)
sec/m”™3 g/m”3



Gaseous Effluent

Concentration in Milk

B

= RG-1.109 Equation C-10

Concentration of
nuclide i in milk at
location{r ,6)

pCi/L \

Concentration of

nuclide i in animal

feed at location{r 48 )

pCilkg Decay during transit
/ of milk to receptor

CY(r,e) |=|F

cV(r,s) Qr EKD(-litf)

Stable element /

transfer coefficient
from forage to milk;
cow vs. goat
days/Liter

1
Daily forage
consumption
rate - kg/d;
cow vs. goat



Gaseous Effluent

Concentration in Animal Feed

B

= RG-1.109 Equation C-11

Concentration in

animal feed at
location (1‘, B)

pCifkg/

Concentration in
pasture grass at
location (r, e)

pCilkg \

Concentration in
stored feed at
location (r,ﬁ}
pCilkg

can be at different
location than pasture

C:(r.B)

f

P

P
Fs Ci(r,e) +

/

Fraction of year
animals feed on

pasture

Fraction of daily
intake that is
pasture grass
when animal is on
pasture

(1-f)

(1-f)

N

7

Fraction of Fraction of daily

year that animal
is not on

pasture

intake that is not
pasture grass




Gaseous Effluent

Concentration in Meat

-
= RG-1.109 Equation C-12
Concentration of Concentration of
nuclide i in meat at nuclide i in forage Decay during transit of
location (v, 8 ) at location (r, 6 ) meat to receptor

pCikg \ pCilkg / /

F v _
Stable element transfer Forage _
coefficient from forage consumption rate
to meat kg/day

days/kg



Gaseous Effluent

Dose from Atmospherically-Released Nuclides in Food

= RG-1.109 Equations 14, C-13

Dose to

organ  of age Intake-of Intake of
nuclide i from (Lehe O
class a from ingestion of Intake of Intake of nuclide i from
ingestion of na— nuclide i from nuclideifrom i gagtion of
all gaseous vegetables ingestion of ingestion of leafy
pathways Fite. & gra:in milk meat vegetables
mrem/yr N Pl
, z o - +U_C.(r,8) | HUf C:(r,8
DJa(r,E) )1: ia | WU E (r,s) U, 1(r* 6)| +U.C;(ry8) | #HU.f Clre)]

Ingestion dose conversion
factor for nuclide i to organ j
in age class a

mrem/yr per pCi ingested



L Dose Conversion Factors

e

s RG-1.109 Internal Dose Conversion Factors
= Four age classes: adult, teen, child, infant

= Seven critical organs: Bone, Liver, Total Body, Thyroid,
Kidney, Lung, GI-LLI

= Inhalation: Tables E-7 through E-10
= Ingestion: Tables E-11 through E-14

s Derived from ICRP-2, late 1950s

= Original RG-1.109 tables only addressed 72

radionuclides; expanded tables in LADTAP/GASPAR
addressed 169 radionuclides




Dose Conversion Factors, Part 2

.

= If nuclide is not included in expanded list, NRC suggests
using ICRP-30 dose factors; 855 nuclides

= 10CFR20 revised in 1991 based on ICRP-30 dose models and

conversion factors

= In implementing ICRP-30, NRC abandoned critical organ approach for
Committed Effective Dose Equivalent (CEDE), or effective whole body
dose based on risk-weighted organ doses

= [ICRP-30 is intended for occupational worker, single age class of
Adult; doesn’t include other age classes in RG-1.109

= ICRP-72 used internationally; contains age-specific dose
factors for six age classes; 761 nuclides



L Summary

= RG-1.109 equations are fairly easy to

understand if you take the time, and
remember to:

= Step through dimensional analysis — make sure
units cancel out, carry remaining units

= Recognize importance of buildup equations

= Pay close attention to time units, especially In

nalf-lives, decay equations, and buildup
equations




L Summary

= RG-1.109 equations generally calculate doses
from effluent releases by calculating

concentrations in environmental media that
result In human exposure

= Several equations lend themselves to calculating
dose from REMP samples; substitute REMP
concentrations in place of effluent-derived
concentrations, multiply by age-specific usage
factors and age-specific dose conversion factors



.

Questions?



