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ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM SUMMARY
SAN ONOFRE NUCLEAR GENERATING STATION - UNIT 1

E Oocket No. 50-206
San Diego County, California '

Reporting Period JANUARY - MARCH, 197

1ype and Lower Limit ™ [ATT Indicator | Location with “Rumber of
Medium or Pathway | Total Number of Locations | Highest Annual Mean Control Locations | Nonroutine
Sampled (Unit of Analyses Detection Mean(f) ame, Distance | Mean(f) Mean(f) Reported
o7 Measurement) | Performed (LLD) Range and Direction | Range Range Measurements
Air Filters B, 64 0.003 0.029 (64/64; Units 2/3 0.036 (13713 Huntington Beach 0
(pCi/m3) (0.007-0.078 Switchyard {0.021-0.078} 0.028 (12/12)
0.6m/110°MAG |(.0C/ - .066)
191, &4 0.04 < LLD - -~ Huntington Beach 0
< LLD
Air Filters Gross a, 5 | 0.0001 0.0017 (5/5) |visitor Center |0.0025 (1/1) | Huntington Beach 0
Quarterly composilte 0.0010-0.0025)| 0.1 mi. 15°MAG 2.0017 (1)
(pCi/m3)
Sr-90, 5 0.001 < LLD -~ - < LLD ' 0
’Be, 5 0.008 )0.09 (5/5)  Huntington Beach| 0.10 (1/1) | Huntin ton Beach 0
(0.07-0.10) 30 mi. 3006°MAG 0.10 ?l/])
Visitor Center (11) |
0.1 m.IS%ﬂG}
13%cs, § 0.0004 0.0019 (5/5) |Visitor Center | 0.0025 (i/1) Huntinaton Beach 0
) . (0.0015-0.0025) 0.1 mi. 15°MAG 0.0019 (1/1)
Direct Radiation | Accumulated 10 mR 38.1 (14/14)| camp Las Puigas| 44.3 (1/1) | Huntington Beach 3 G
(mR/Qtr. ) Lose 14 (32.8-44.3) 8.8 mi. 105°MAG ?

: 4.1 (1) '
?

e
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ENVIRCNMENTAL RADIOLOGICAL MONITORING PROGRAM SUMMARY
SAN ONOFRE NUCLEAR GENERATING STATION - UNIT 1

S Docket No. 50-206
San Diego County, California

Reporting Pericd April - June, 1979

Yype and Tower LImit [ ATT Indicator Tocation with
Medium or Pathway | Total Number of Locations Highest Annual Mean Control Locations | Nonroutime
Sampled (Unit of Analyses Detection Mean(f) “Name, Distance | Mean(f, Mean(f® Reported
of Measuremerit) | Performed (LLD) Range and Directicn | Range Rang: easurements
0.03u
Air F1lters Gross Beta,6l 0.003 0.034 (61/61) R/3 Switchyard |0.038 (26/26) Huntington Beach 0
(pCi/m?) (0.015-0.11) D.6 mi. 110°MAG (0.021-0.090) {(0.022 -0.040)10/10
1311 6 0.04 < LLD (0/61) - - Huntington Beach 0
< LLD (0/10)
Air Filters Gross Alpha,5 0.0001 0.0004 (4/5) Nisitor Center |0.0015 (2/2) |Huntington Beach 0
?;Elg.agomp. (0 - 0.0011) D.1 mi. 15°MAG [0.0005-0.0024) 0.0003 (W1
m
0sr, § 0.001 <LLD (0/5) - - Huntington Beach 0
< LLD (0/1)
7Be, 5 0.01 0.07 (4/5) Nisitor Center !0.095 (2/2) Huntington Beach 0
0 - 0.11 D.1 mi. 15°MAG | (0.09 - 1.10) 0.07 (171)
l
137Cs, 5 0.0009 0.0012 (3/5) Nisitor Center |0.0026 (2/2)’Huntington Beach 0
(0~0.0026) 0.1 mi. 15°MAG [0.0025-0.00268) < LLD (0/1)
Direct Radiation | Accumylated 10 mR 29.0 (15/15) Camp Las Pulgas [40.2 (2/2) untington Beach 0
(mR/Qtr) Dose, 15 (23.6 - 36.1) PB.8 mi. 105°MAG [36.1 - 44.3) | 33.9 (171)
|
< !
)
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ENVIRONMENTAL RADIOLOGICAL MONITORING PW SUMMARY . :

SAN ONOFRE NUCLEAR GENERATING STATION - UNIT 1 L
s Docket No. 50-206

San Diego County, California

Reporting Period _ JULY-SEPTEMBER, 1979

ype and Lower Limit All Indicuitor Location with rof
| Medium or Pathway | Total Number of Locations Hichest Annual! Mean Control Locations | Nonroutine
Sampled (Unit of Analyses Detection Mean(f) me, Distance | Mean(f) Mean(f) Reported
of Measurement) Performed (LLD) Range ad Direction | Range Range Measurements
Direct Radiation Rccumulated 10 mR 35.5 (16/16) BSW Site Bndry, |46.6 (/1) lHuntington Beach 0
(mR/Qtr.) Pose. 16 (29.6 - 46.6) D.1 mi. 130'HA& 3.3 (1/1) l
Drirking Water [Dross Alpha,9 5.0 0.7 (2/9) FPpan Clemente D.4  (1/9) Huntim;ton Beach 0
Filtrate ﬁo - 4) 3.5 320° MAC {0 -4.0) (0 -2 (173)
(pCi/e) |
Gross Beta, 9 0.5 0.4 (9/9) [Tri-vities 11.78 (8/8) Huntington Beach 0
(4.4 - 20) 8.7 320°MAG (9 - 17) - (6.~ 8)6.1 (3/3)
Drinking Waier Gross Alpha, 3| 5.0 < L (0/3) -- | - Hur.* ington Beach 0
Filtrate Qtrly. ! < LLD (0/3)
Composite ;
(pCi/e) =
Gross Beta, 3| 0.5 10 (3/3) [Tri-Cities ta.o (3/3) [Hurtington Beich 0
(8 - 12) 8.7 320°MAG |12-17 6.8 (4.4-8) (3/3) |
| 1
Drinking Water |Gross Alpha, 9 5.0 < LLD (0/9) iSan Clemente .07 (2/9) !Huntington Beach 0
<5lids ?pcm) 3.5 320°MAG 0 - 0.4) < LD (0/3)
&Gross Beta, 9 0.5 1.0 (9/9) ITri-Cities 1.61 (8/8) [Hurntington Beach 0
(0.4 - 2.6) 8.7 320°MAG (0.6 - 2.6) [1.0 (0.9-1.2) (3/3)
)




ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM SUMMARY

SAN ONOFRE NUCLEAR GENERATING STATION - UNIT 1

Docket No.

50-206

San Diego County, California

Reporting Period __ JANUARY-SEPTEMBER, 1979

ImR/Qtr.

? 1 e SAMPLING LOCATION WITH HIGHEST MEAN®
# of ‘ # of Locations i | 1 i
| Sampling Total No. of | Above l.ocal l | |
Med ium _Locations | Samples ,_Background Name Location . Low i Mean High | Units
AIR ? | | | | 5
SAMPLING | . | | 1
Weekly | 5 (1) g 190 0 Units 2/3 (0.6 mi IIO’HAGI 0.021 i 0.036 0.090 .pCUn!
i ., r Switchyard { | ‘
! . ; | 1
i 5 (1) 11-13] 190 0 (AN samp]e* were below detection 1im1ts? %pCi/u’
, : |
Quarterly 5 (1) a 15 0 Visitor 0.1 mi. 15°MAG 0.0005 j0.00l3 0.0025 |pCi/m?
Composite Center § ; | |
| % '
§ (1) Isr-90 15 0 (A1 samples were below deteFtion limits) | 'pCi/m?
| ! | l
5 (1) Be-7 15 0 Visitor io.l mi 15°MAG 0.09 1 0.70 - 0.10 IpCi/m?
| Center 5 :
! i i [
; | i | ‘
5 (1) Cs-137 15 0 ‘\Hsitor 0.1 mi 15°MAG 0 - 0.0017 | 0.0026 %p(:i/m3
) | t |
DIRECT ! , ; '
RADIAT ION | ; |
Quarterly | 16 (2) 46 0 SSW Site 0.1 mi 130°MAG | 46.6 i 46.6 46.6 Accumu-
Boundary i lative
i Dose
|

|
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A. INTRODUCTION

Section 20.106, “Radioactivity in Effluents to Unrestricted Areas,” of the Commission's
regulations in 10 CFR Peet 20, “"Standarcs fcr Protection Against Radiation."” establishes limits
on concentrations of radioactive materfal in effluents to unrestricted areas. Paragraph 20.1(c)
of 10 CFR Part 20 states “hat, in addition to complying with the limits set forth fn that part,
teensees should make every reasonable effort to maintain releases of radicactive materfals in
:fﬂuu)ns to unrestricted areas as far below the limits specified as s reasonably achievable

Section 50.34a, "Design Objectives for Equi t te Control Releases of Radioactive Mate-
rial in Effluents - Nuclear Power Reactors,” of 10 CFR Part S0, “Licensing of Production and
Utilization Facilities,” sets forth design objectives for equipment to control releases of
radicactive effluents from 1ight-water-cooied nuclear power reactors. Sectiow 50.36a, "Tech-
rical Specifications on Effiuents from Nuclear Reactors,” ¢ 10 CFR Part 50 further provides
that, in order to k puwer reactor effluent releases as low as is reasonably achifevable, each
operaling license wiil include technical specifications on effluent discharge limits. aperating
procedures for installa‘fon, use, and mafntenance of effluent control equipment, and req.ire-
ments for reporting measured rcleases of radicnuclides to the environment.

Appendix 1, “Numerical Guides for Design Objectives and Limiting Conditions for Operation
to Meet the Criterion 'As Low As Is Reasombl! Achievable' for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluunts,” to 10 CFR Part 50 provides numerical guidance for
radiosctive eff)ent design ohjectives and technical specification requirements for Hmiting
conditions of peration for Tight-water-cealed nuclear power plants,

To implement Appendix I, the staff has developed a series of guides that present methods
acceptable to the staff for caleiiating ,reoperational estimates of effluent releases, dis-
persion of the effluent in the atmosphere and different water bodies, and the associated radi-
ation doses* to man. This guide describes basic features of calculational models and suggests
methods of determining values of model parameters for the estimalion of aquatic dispersion of
both routine and accidental releases of Tiquid effluents. The methods described herein are
general approaches that the NRC staff has adopted for the analysis of routine and accidental
releases into vario s types of surface water bodies. Models for the ground-water , ‘thway are
not covered in this guide. Those few cases where the ground-water pathway makes a significant
contribution to the dose estimates will be analyzed 0n a case-by-case basis. St» dards for
analysis of releases to ?round water are currently being developed by the American Nuclear
Society and will be published by the American National Standards Institute.

B. DISCUSSION

Radicective material in aquec.s effluents may be released from nuclear power stations,
either routinel: or acciduvitally, into a variety of receiving surface water bodies, includi
nontidal rivers, lakes, reservoirs, cooling ponds, estuaries, and open coastal waters., This
material is dispersed by turbulent mixing .nd by streamflow in rivers, by tidal or rontidal
coastal currents in estuaries and coasta waters, and by internal circulation or flow-through in
lakes  reservoirs, and cooling ponds, Parameters fnfluencing the dispersion patterns and con-
centration reduction near a s'te include the direc*ion and speed of flow of currents, both
natural and plant-induced, in the recefving water; the intensity of turbulent mixing; the sfze,
geometry, and bottom topography of the water body; the location of affluent discharge in relation
to the receiving water surface and shoreline; the amount of recirculation of previcusly dis-
charged effluent; the characteristics of suspended and bottom sediments; the sediment sorption
properties; and radfoactive decay.

This guide describes calculational models acceptable to the NRC staff for estimating aquatic
dispersion of ro tine or accidental releases of radioactive material from a nuclear power station
to a surface water body. The models discussed fnclude Hoth simplified models having strafght-
forward analytical solutfons and more complex models requiring numerical solution. In general,

B — e e e

In this guide, the term “dose,” when applied to individuals, 1s used instead of the more precise
term, "dose equivalent,” as defined by the Inter.ational Commissfon on Radiological Units and
Measurements (7 7RUM).
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! . the modeling techniques discussed represent adaptstions of work currently availaole in the liter-

| ature. Because of increasing envi:.nmental concerns during the past decade, considerable effort
| has been expendec in advancing the state of the art of water quality simulation and thermal plume
} medeling. The models discussed herein draw heavily from this body of information. i

Although specific models are considered, they are intended to represent specific classes of
modelz. Furthermore, discussions of particular techniques for determining model parameters are
| intended to provide guidance and to stress the desirability of determining these parameters from
physical principles or measurements. Applicants may, however, use modeling techniques other
+| than these considered herein. In particular, physical hydraulic modeis thit may have been con-
structed for hydrotnermal studies or other purposes may often be used as reliab{e predictive |
| tools for radionuclide dispersion. Tracer release studies conducted in situ can provide accurate
| predictions without need for a model. 2l g

| The degree of realism inherent in each model described in this guide depends on the ability

| of that model to account for the physical processes involved and the validity of model coeffi-

| cients and assumed future flow fields. As a general rule, more complex models are capable of

’ yicldin? more realistic results, MHowever, a realistic model requires realistic input data, and

| Tittle is gained by using highly sophisticated calcilational models when *he input parameters
are i1)-defined. Tie simplest models are closed-form analytical solutions of the governing

| transport equations. Such so(utions are possible only for simplified cases. It is seldom pos-

| sible to obtain analytical sclutions for time-dependent flow fields or for complex receiving-

| water geometry. Consequently, any analytical solution should Le carefully assessed by the

| applicant to ascertain the conditions uncsr : %ich the model might be a valid predictive tool.

| Simplitied models do not nece.sarily produce conservative results. If such models are used, it

| s the applicant's responsibility to demonstrate their degree of conservatism. The staff's
position un such demonstration is presented in Section C of this guide.

\

| In identifying liquid pathways t. man, applicants should identify the location of water

| vsers, the types of uses, and the usage estimated out to a distance of 50 miles from the site,

| Because of hish usage rates along many streams and estuaries, the effects of water usage on the

| spatial and temporal distribution of flows should be estimated. In addi*ion, water usage up-

| stre. of a nuclear plant can alter flows at or downstream of the plant. This guide presents an

| acceptable methodoloqy for evaiuating water usage and the consequences thereof on streams and
estuaries receiving routine or accidental releases of radionuclides from nuclear power plants.

The ability of suspended and bottom sediments to absorb and :dsorb radioact’ve nuclides
from solution, thereby concentrating otherwise dilute species of fons, may create a significant
pathway to man. Sorption by sediment is also an important mechanism for recucing the area of
influence of plant releases. Un! rtunately, the state of the art in evaluating sediment-related
| effects is less advanced than in other engineering disciplines. Consequently, the transport
| models discussed in this guide do ot e:p?icitly include sediment uptake mechanisms, Until
reliable generalized sediment uptake and transport rodels become available, the NRC staff will
rely on existing field studies and the staff's and consultants' experience to determine *%e
level ot comsorvatism or realism of the applicant's estimates. If the applicant elects to take
credit Tor removal of certain fons from the surfice waters by the process of sediment uptake,
verification u<ing sitr-related field data will be necessary.

C. REGULATORY POSITION

1. The transport and water use models described in Appendix A of this guide are accepiable
to the NRC staff for use in calculating the potential annual average radiation doses to the
=*1{c that may result from radioactive material in liquid effluents routinely relnased to sur-

+ water bodies. No general models for transport in ground water are included, as such analy-
ses are considered to be site-specific. The models in Appendix A are also acceptable to the
staff for analyzinag the dispersion and dilution of accidental spilis of radiocactive material in
1iquids to surface water bodies. Standards for ground-water analysis, currently being prepared
by the American Nuclear Society for publication by the American National Standards Institute,
will be evaluated for acceptabiiity by the NRC staff when completed,

2.  Although specific models are cited in Appendix A of this guidz, the citations are
intended to provide guidance in the selection ¢f model types rather than to specify models.
Applicants way use models other than those described in Appendix A, but shou’i justify fully the
analytical techniques, assumptions, and level of conservatism of the model ul:imately chosen.

D

.L1nos indicate substantive change from previous issuance.
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3.  The cholce of a specific mode), values 7 {nput parameters, and assumed future flow
flelds is the responsibility of the applicant, The NRC staff recognizes that the applicant may
choose Initially to use simplified models enploying demonstrably conservative assumptions, The
most conservative assumption wouid Le no dilution of the radwaste dischargc and a travel time of
zero. In some cases, this extreme spproach may be acceptabie for calculation of dose to man,
Should the results of this initfal analysis support a conclusion of compliance with Appendix 1
of 10 CFR Part 50, no further effort is indicated. However, if compliance 1s not demonstrated
by the simplified analysis, more refined and more realistic analyses of 1iquid transport may be
urdertaken, The NRC staff will also consider such analyses acceptable provided the applicant
establishes the reelism of the model, coefficients, parameters, and flow field.

0. IMPLEMENTATION

The purpete of this section 1s to provide informatfon to 1censs applicants and licensees
regarding the NRC staff's plans for implementing this regulatory guide.

This guide reflects current Nuclear Regulatory Commissicn practice. Therefore, except in
those cases in which the ({cense appHcant or 1icensee proposes an acceptable alternative method,
the method describea hereir for complying with specified portfons of the Comissfon's regulations
fs being and will continue to be used in the evaluation of submittals for operating Yicense or
conscruction permit applications until this gufde 15 revised as a result of suggestions from the
public or additional staff review.

1.113-3




APPENDIX A
LIQUID EFFLUENT TRANSPOKT AND WATER USE MODELS

This appendix describes transport and water use models for calculating the radiation doses
to the public that may result from radicactive materfal in Viquid effluents released to surface
water bodies. Symbols used in this description are defined in the “List of Symbols" following
the appendix.

1. INITIAL DILUTION

Initial dflution of 1iquid radioactive effluents (e.g., dilution upon discharge to the
recelving water body) s often accomplished bv using relatively high-velocity surface or sub-
merged jets or multiport diffusers. Mathematical modeling of such discharges requires solution
of the conser-stion equations applicable to buoyant jets. These equations are solved routinely
as a part of the near-field analysis for therwr' tischarges. Initfal dilution rates for water-
borne radionuclides should be obtained directly a. an integral part of the thermal analysis.

Applicable near-field models are in common usage throughout the industry and are not dis-
cussed in detai) herein. Jirka et al. (Ref. 1) and Dunn et al. (Ref. 2) discuss in detail the
theory and ranges of applicability of near-field models. These references should be consulted
for guidance in determining the modeling approach to be used for a specific problem. General
remarks on surface and submerged jet discharges are presented below.

For surface discharges, acceptable inftial dilution analyses may be obtained from the
models of Stolzenbach and Harleman (Ref. 3), Stolzenbach et al. (Ref. 4), Prych (Raf. 5), Shirazi
and Davis (Ref. 6), and Pritchard (Refs. 7 and 8). Dilution estimates for surface discharges
require a careful assessment of the adverse effects of shoreline and bottom interference.

Methods for estimating the magnitude of these boundary effects under given receiving water
conditfons are discussed in detail in Reference 1.

Estimates of dilutfon from submerged discharges require careful analysis of the flow con-
ditions in the immediate vicinity of the discharge. The two possible flow conditions, stable on
unstable, depend on the discharge and receiving water characteristics. Under stable conditions
the discharge, upon reaching the free surface, spreads laterally in the form of a stable density
current. As a result, there is little re-entrainment of previously discharged water. Such
stable discharges can be characterized as “deep-water." Unstable or "shallow-water" dizcharges
are characterized by counterflow which causes re-entrainment of previously mixed effluent into
the discharge jet. Application of deep-water jet models to shallow-water discharges can result
in serious overestimation of initial dilution. References 1, 9, and 10 discuss in detail the
behavior of stable and unstable discharges and stability criterfa for various types o¢ submerged
discharges. In practice, the results of a stability analysis will determine whether a “deep-
water® or "shallow-water" wodel should be used for a given discharge-receiving water system,

For deep-water isublo) conditions the commonly used submerged jet models of Koh and Fan
(Ref. 11) and Hirst (Ref. 12) and similar models are applicable provided the thickness of the
bucyant surface layer is takon into account. .

For shallow-water (unstable) conditfons the above models (and other similar deep-water
models) are not applicable and their use wiil result in predicting excessively high dilution.
The models of Lee et al. (Ref. 10) and Jirka and Harleman (Ref. 9), with appropriate stability
analyses, are directly applicable to either deep- or shallow-water discharges.

2. NONTIFAL RIVERS
a. Model Formulations
(1) Steady-State Stream Tube Model

Application of the models herefn is restricted to those portions of the river removed
from influences of the discharge. Initial dilution near the point of discharge is usually con-
trelled by turbulent mixing induced by momentum effects of the discharge jet. Techniques for
the determination of initial dilution were discussed in Section 1 of this appendix.
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For nortidal rivers the flow is assumed to be uniform and approximately stcady. Under
these conditions, the diffusive transport in the flow direction may be neglected compared with
the advective transport (Ref. 13). It has been shown that far-field traasport of dissolved
constituents in rivers can be satisfactorily treated by a two-dimensional model in which vertical
variations of velocity and conceitration are averaged out (Refs. 14, 15, and 16). Such a model, |
however, retains transverse varfations of river bottom topography and velocity.

Consider a section of a steady natural stream as <hown in Figure 1. The origin of the
coordinate mm fs placed on the near shore. The x-axis s taken positive in tne downstiream
direction, z-axis is directed vertically downward from the water surface, and the y-axis is

directed across che stream, The steady-state mass balance equation for a vertically mixed radio-
nuclide concentratfon may be written (Ref. 14) as follows:

€, (yq.
ud 35 * 3y (K450 - (ic ()

where
. is the radionuclide concentration (activity/volume);
is the stream depth;

is the lateral turbulent diffusion coefficient (vertically averaged, two dimensional);

G«- a o

is the stream velocity; and
A s the decay coefficient and 1s = (1n 2)/half life.

Since, for a real stream, u and d will be functions of the transverse coordinate y,
Equatfon (1) '1)1 generally not have a closed-vorm analytical solution. A more tractable form of
the equatior. 15 obtained through introduction of 2 r.ew independent variable q, defined by

y .
as [ ey (2)
]
The quantity q is tihe cumulative Jdischarge measured from the near shore. Hence, as ¥ + 8, q » 0

where B is the river width and Q is the *otal river flca.
Subsiitution of Equation (2} ‘nto fquatfon {1) yields the f_.1lowing transport equation:

el o] b i

In the decay term, the velocity u may be replaced, to a good approximation, by the sectional mean
value U. If this is done, the decay term may be removed through the transformation

C(x,q) = x(x.,q)e
The result {s the following transport equation for the nondecaying concentration yx:

= i
%o [ ] (5) |
The quantity sudz 1s known as the "diffusion factor." Yotsukura and Cobb (Rof 14) have shown

e >

(4)

that the variable diffusion factor may be replaced by a constant factor Sud , where

ol = 3 [

s the discharge-weighted mean value. Equatfon (5) may now be written |
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FIGURE 1. MODEL OF AN INFINITESIMAL STREAM TUBE IN A NATURAL STREAM
(Redrawn from Yotsukura and Cobb, Ref. 14.)




Equation (6) 1s a standard diffusion eq fon whic ) closed rm analytical soluti

Assume a steady vertical line source iischarge en ng a constait W Ci/sec is !

at x*0,y=y . Since there is a one-to-one orre nd b een the transverse distand
s

v '

and the cumulative discharge q. the vertical line source di : be located at x = 0,

q QS A closed-form solution to Equation (6) that ¢ 3 54 p {iition that there he

flux of material across the boundir g surfa

(7)

Tnis expression, althe igh of different form is ¢ ]va”"ﬂt to Equation ( R ence 14,

’
If the liquid effluent is Injected as an area source per licular to the river flow,
the solution may be obtained ?y inte Jv"w n of i“";e’lun (77 wer the sourd inn 10ns. [f the
Source 15 located in the river between distances VS] 3 N (cumulative discharg , and ng).
sl l
the area source solution may be obtained from Fq ) /) BY integratior to q
between the limits q <

5
s) 9 = 92

W
vh,pa(k) 0

where

(']a? %) )
Q

a3

Note that the more familiar solutions for the « ncentration, as a function of x and y in a iniform,
straight . rectangular channel of constant velocity U, can be obtained iny ediately from Equations
(7) and (B) through the transformation of the terms within the brackets:

D/Q?] (rv/uu?

q 7’<y
4 L8 )

The more general forms given by Equations (7) and (8), however, are preferable, since they are
applicable to irregularly shaped channels. Yotsukura and Sayre (Ref. 16) have recently gen-
eralized Equations (5) and (6) so that these can be applied to any nonuriform channel with a
minor modification to the diffusion factor.

(2) Transient Release Mode)

In many cases, routine releases of radioactive effluents are batched and infrequent,
rather than continuous In such cases, it may be important to calculate concentrations as a
function o both time and space. The concentration in vai)h?' rectangular channel cor-
responding to the fastantaneous release of a finite g ty of material from a vertical line
jource at x * Dand y = Ys is:

2 2
[ ny K.t
N exp -
1/2 K t
(GWVit) “A X




s the cross-sectional area;
fs the channel width;

is the lon
dimens{ona

?;tudinll turbulent transport ccefficient (vertically averaged, two
L

s the amount of activity released (in curies);
t is the time after the release;
‘and the other terms are as previously defined.

Note that this solution accounts for turbulent diffusion in the direction of flow,
which may be fmportant for short-duration releases.

The case of a more general time-depen.ent release may be obtained by integrating
Equation (9) with respect to time:

t v

2 2
- n“e°K (t - 1) y
1+2 [' exp |- —~-11,———---- cos m.—‘- cos n-{ dr (10)
ne= 8

where the release rate is Wf(t) curies/sec. In general, Fquation (10) must be solved by
numerical quadrature.

Near the source, convergence of the Fourier series terms in Equations (9) and (10) may
be extremely slow. However, in this region, the effects of the far shore are not usually impor-
tant, and the series solution may be replaced by a single image source at the near shore (see
the transient lake solution, fquations (19) and (20), gection 3.2.(2)(b) of this appendix). In
this czie, the solutions o not involve infinite series and present no convergence problems.

b.  Model Applications
(1) Steady-State Stream Tube Model

Application of the mode) requires determination of stream channel geometry, the cross-
stream distribution of flow, and the diffusion factor at representative river cross-sections

downstream of the effluent discharge. In addition, definition of stream discharge is necessary
(see Section § of this appendix).

The preferred method of determining the flow cross-sectional distribution is b{
current-meter measurements using standard stream-gaging techniques. Because it is not a ways
practical to obtain velocity measurements at every river cross-section at which concentration
distributions are desired, transverse velocity distributions may be estimated from observed
stream bottom profiles and the application of steady-state flow equations such as Manning's
formula to channels of compound cross-section (Refs. 17 and 18).

Evaluation of the diffusion factor K,ud! requires a separate determination of the dif-
fusfon coefficient 5 For steady open-channel flow, Ky can be determined from hydrodynamic
properties of the channel by using Elder's empirical formula (Ref. 19):

l’ * fu*d (m
where
d is the river depth;
u* is the shear velocity; and
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g is a dimensionless constant.

{The user is not restricted to this formula. A number of alternative aporoaches have been
published.)

For straight natur: stream chanriis » %as a value of approximately 0.23 (Refs. 14 and
16). For curved channels, however, secondary “iows can lead to increased lateral mixing and the
value of g is larger (Refs. 20-22). Fischer (Ref. 20), for example, has shown that the latera)
mixing coefficient is increased in bendin? streams, varying inversely as the square of the radius
of curvature. In general, to obtain realistic transport estimates, values of the lateral mixing
coefficient should be determined by onsite tracer studfes. Although transverse variations of

have not been adequately confirmed in field tests, longftudinal variation of K in a sharp bend

has been reported by Sayre and Yeh (Ref. 22). Equations (7) and (8) may be modified as follows
to account for a diffusion factor that varies in the direction of flow:

x
o j D(x)dx
0

If the diffusfon factor is known for each river cross-section of concern, the integral can be
evaluated by simple numerical integration. If the varfation in D(x) 1s small over the river
stretch under consideration, thenegquations (7) and (8) may be use directly, with the nuantity
D being interpreted as the mean value over the river reach.

It 1s useful to write Equation (7) in dimensionless form.

2~

E*1+42 § ™% (o nvqg  cos nvq (12)
“.
where

G *q/Q fs the dimensionless cumulative discharge;

X xls is the dimensionless concentration relative to the fully mixed value; and

X = g; fs the dimensfonless downstream distance.

The utility of the dimensionless form is 11lustrated in Figure 2, which shows near-
and far-shore concentrations resulting from a near-shore point discharge. For a given downstream
Tocation and given flow parameters, the dimensionless concentration for either shoreline may be
obtained directly from the two curves. The near-shore concentration ~xhibits the expected

l"/z dependence for two-dimensionai mixing unti) the influence of the far shore i3 felt. Both
curves in Figure 2 approach unity (complete sectional mixing) for large values of x. Hence, for

a given set of flow parameters, the downstream distance to sectional homogeneity (“mixing distance")

can be estimated directly. (Note that the mixing distance for a shoreline discharge is four times
the mixing distance for a centerline discharge.)

(2) Transient Release Model

The transient release model 1s formulated in this guide only for the case of a vertical
Tine sou.ce in a straight rectangular charnel, since its primary purpose is to furnish informa-
tion on the time-dependent behavior of non-continuous releases. However, the model can be
extended to treat other source configurations in stream tube coordinates as employed in
Section 2.5.(1) of this appendix.

Application of the model requires the determination of the Tongitudinal turbulent dif-
fusfon coefficient Kx. in addition to the parameters necessary for the steady-state model n the

previous section. The lTongitudinal dispersion coefficient should be obtained b site-specific
tracer experiments. However, crude estimates of Kl may be obtained from the following formula,

which is similar to that for the lateral diffusion coefficient (Ref. 19):
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& * gu'd,
where

-
‘ed
~

d is the river depth;
u* is the shear velocity; and
] fs a dimensionless constant,

(Again, the user is not restricted to the use of this formula. A number of alternative approaches
have been published.)

For straight rectangular stream channels, 8 has a value of about 5.93. The value of 8, however,
increases in curved channels and in general must be determined by field studies (Refs. 20-22).
The two-dimensional coefficient, V\. is usually much smaller in magnitude than the one-dimensional

coefficient, E, as described later.

The usefulness of the transient model, even for simplified rectangular geometr{. is
that it allows analysis of the dispersion of material released in a realistic fashion. 1In the
case of short-duration batch releases, spreading in the direction of flow may be an important
mechanism for effluent dispersion, which is not included in the steady-state continuous release
model,

3. OPEN CNASTS
a. Great Lakes
(1) Discussion

Ficld studies in the Great Lakes have shown that coastai .urrents are predorinontly
parallel to the shore and have typical speeds of 10 to 20 cm/sec (0.2 to 0.4 knots). These cur-
rents usually persist in one directfon for several days. Then, in direct response to wind shifts,
they quickly reverce and persist in the opposite direction for several days. The stagnation time
at reversal seldom exceeds a few hours (Refs. 23 and 24).

The studies further suggest that each reversal of the coastal current is accompanied
by a large-scale mass exchange with offshore waters that effectively removes pollutants from the
shore zone. Possible physical mechanisms responsible for this behavior are discussed by Csanady
(Refs, 25 and 26). Observations near pollutant discharges have shown a well-defined pollutant
Tume hugging the shoreline for several days, then relatively quick dispersal offshore, followed
y redevelopment of the plume in the opposite direction. Throughout this tequence, the buildup
of pollutant concentration in the vicinity of the Gischarge is small (Refs. 23 and 27). 1\ stable
coastal current of, say, 10 cm/sec that gerslsts for about three days before reversal causes an
upcoast or downcoast excursfon of an effluent plume which is of the order of 25 km (about 16 miles).

In view of the above findings, it is possible to construct a quasf-steady-state model
valid for diztances of about 25 km and time scales on the order of a few days. For those cases
in which Yateral mixing and mass exchange occur during flow stagration periods, extension of the
mode] beyond these 1imits should provide conservative results. It should be emphasized, however,
that knowledge of Great Lakes coastal circulation patterns is far from complete. The existing
data base 15 inadequate to conclude that the behavior described above is applicable to the entire
Great lakes system. A general knowledge of near-shore current climatology s needed. It is
therefore recommended that rodeling efforts be accompanied by time series current measurements
at the sita. Such measurements should be of sufficient duration to resolve the fmportant time
scales of flow variabilfty. Of particular importance are field studies to define the extent and
frequency of near-shore fumigation occurring at a given site.

i2) Analytical Models
(a) Steady-State Mode)

Analytical models of routine releases of 1iquid effluents alorg open coasts are
usually based on Gaussiin-1ike solutfons to the steady-state diffusfon equatfon, The form of
each solutfon may differ in detail, depending on the number of dimensions retained, the ioca-
tion of the bounding surfaces, and the discharge configuration,
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A simple diffusion model for a steady point-source discharge into a lake having a
known stuady longshore current, u, may be formulated by neglecting the lon ftudinal diffusion
and time dependence in the dissolved constituent transport equation as follows:

2 2 !
., 2 al
Uity "g ‘e, ;-‘7 aC (14) ‘

where ‘y and €, are the lateral and vertical turbulent diffusion coefficients, respectively. The
remaining symboic are as defined in Section 2.

The decay term may agai» be removed through the transformation

.-u/u
Clx,y,2) = x(x.y.2) (15)
resulting fn the following equation for the nondecaying concentration x:
2 2
u ) 3
ulkeg ‘e (16)
l - a;! . a;’

It is assumed that the discharge is located at the point (O.y‘.ls). f.e., at the origin of the
x-axis and a distance from the shoreline and 2, beneath “he water surface. For a large lake
of constant depth d and straight shoreline the solution ‘s

u 1
x® vuo;;;‘ '(Gl-l.l‘.d)f(qy,y.y‘) (37)
where

f(o 2,2 .d) . E expl- (M ' l"l) a . (2’“" - Z-_'_Z‘)

i s me -= -——z::z—— exp 20!-2» o

flo,.yyg) = exp ——1—(,"’)2 i 1. % ’

G’. Je . X - s - -
20’ _J 20,

0’_/2;2_‘. ° ‘-./T:?

This mode) may be used for curved shorelines by substituting, for y and Yoo the corresponding
distances normal to the shoreline.

In Equation (17), the condition that there be no flur of material th h
bounding surfaces is ensured by placement of an image source of st (ciy g Ehe
: an infinite series of image sources along the z-nxie. PR " e e s

fFquation (17) 1s a basic expression that can be modified to yield solutions for
a variety of discharge configurations into bounded water bodies. For the sake of simplicity,
! the present discussion fs Timited to point discharges. However, if W is interpreted as source
strength per unit length, or per unit area, 1ine and plane sources, respectively, may be treated
by integration of Equation (17) over the source dimensions.

The prediztive capabilities of this model are limited because of the spatial
i variations in the flow field under actua) conditions and because there are large uncertainties
! in the diffusion coefficients <y and ¢, (or, equivalently, in the standard deviations o’ and °x)‘

! Studies In the Great Lakes and other ‘arge lakes suggest that "representative” near-chore values

of €, are reughly in the range of 500 to 1000 cm?/sec (0.5 to 1.1 ft2/sec) and that ¢, 1s in the

range 1 to 30 cm?/sec (0.001 to 0.930 ft2/sec) (Refs. 23 and 28). These values are typical only

1.113-12




of the near-shore zone. Furthermora, there is evidence to suggest that the ¢_ 1s reasonahly cﬂ"-!

stant for :!i‘,(?"df’)? phme widths exceeding about S50 m (- 165 ft) (Ref, 23) "ence Rick: 4son's
“four-tiairds power law" should not be used to describe the lateral diffusion coefficient without
Justification on the basis of site-specific tracer studiec,

Figure 3 shows centerline and shoreline values of x/W calculated from tquatiss
{17) for the case of a point source discharging at the surface 500 m (1640 ft) offshore into &
10 cm/sec (0.3 ft/sec) current. The horfzontal and vertica)l mixing coefficients are 1000 cm?/sut
(1.1 ft?/sec) and 5 cm?/sec (0.005 ft?/sec), respectively. The depth is 10 m. The centerline
concentrations decrease inversely with distance from the scurce, x-!, for about the first 10 km
(6 miles), beyond which the concentration decrease 1s approximately x“1/2, The dilution factor,
DF' is given by

Op = W/(xa,) (18)
where qp is the volumetric discharge rate of the effluent.

The dilution factor, for example, at 10 km (6 miles) downcurrent is approximately
7 for a 52 m?*/sec (1,830 ft¥/sec) discharge.

ihis result suggests thav, for a nondecaying substance, the downstream concen-
tration reduction in lake plumes parallel to the shore is rather small. This 1s consistent with
observations reported for several of the Great Lakes (Ref. 23). It should be kept in mind that
the dilution calculated above is for the far field and does not include possible additional dilu-
tion arising from initial mixing in the near field.

For a given location, the presence of a plume might be periodic. Therefore, Tong-
term average dilution factors can be estimated from the above model by multiplying the solution
by an appropriate flow-field frequency function. As discuss-d previnusly, cbservations suggest
that the directional distribution of Great Lakes coastal currents is ipproximately bimodal. In
such a case, Tong-term dilutfon factors would be about twice those calculated from Equatior (17).
It is emphasized, however, that the presence of reversing currents at a given site should be
lemonstrated by field observations of flow patterns before credit is taken for concentration
reduction attributable to intermittent plume behavior.

(b) Transient Source Model

For other than a continuous source, the transient form of the constituent trans-
port equation must be solved. In this case, diffusive transport in the direction of flow may be
important, especially for short-duration releases, whereas it is unimportant in the case of con-
tinuous releases,

For an instantaneous release of a finite quantity of material from a vertical line
source at x = 0, y = Yor into a lake of kno.m steady longshore current u, a simple transient

nodel can be formulated:

‘ ¢ \ by -y ]2 (-[y vy )l
- exp | - [l_,.. ;tl + At exp s + exp S

. iK't X t
a-.xlxy td Yy Y

is the depth;
is the amount of activity released (in curties);
is the time after the release;

and the other terms are as previously defined.

The case of a more general time-dependent release may be obtained by integrating
fquation (19) with respect to time:
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The Eraslan model, on the other hand, requires synthesis of the flow field from current
measurements. Use of this technique requires a careful analysis of the flow data to ensure that
the resulting velocity field conserves mass. The velocity field fs then applied to the integral
{::; o;’;hc conservation equation for the dissolved constituent in q.estion {donor cell method)

b. Oceans

Modeling techniyues for estimating radionuclide transport in ocean coastal waters are simi-
lar to those applicable to near-shore waters in the Grest Lakes. The primary differences in
behavior between tie two systens results from the greater temporal and cpatial variability in
flow occurring in ocean coastal waters. This variability results primarily from tuo factors.
The first and more readily defined factor {s the major influence of astronomical tidal currents,
which are negligibly small in the {reat Lakes. The second factor, whose effects are fmportanc
but much more difficult to ?uantify. is the influence of meteorological driving forces. These
forces iInclude tne direct effects of both meso-scale and synoptic-scale wind systens and the
indirect effects of seasonal variations in heaiing or cooling and coastal river discharges. As
a result of these factors, the flew varfabiiity in oceanic coasta) waters contains components
having magnitudes and characteristic time scales greater than those of the near-shore waters of
the Great Lakes.

In practice, the choice of transport modeling techn‘ques applicable %o a yiven ocean
coastal region depends, %~ a large extent, on the level of knowledge of local rear-shore current
climatology. A particuiar model choice and range of mcdel parameters should be demonstrated to
include, to the extent practical, the effects og the important scales of flow variability. For
synoptic scale fluctuations in flow patterns, it will often be necessary to pe-form transpor
calculations for conditions “typical® of various ‘easons or wind patterns.

For a given set of conditiors, however, the choice of modeling techniques is further deter-
mined by the interpretation of the role of tida) currents in tie mixing process. The interpre-
tation depends on the averaging period used to define the velocity field. If the averaging time
s long compared to the tidal period, tidal currerts carnot contribute to the advective trans-
port, since “heir contributions to the mean flew field have been removed by the averaging.

Tidal effects vould be contained solely in "tidally averaged" turbulent diffusion coefficients.
This result is iargely a mathematical artifact that assigns the actual advective effects of
tidal currents to ar?e-s,aio turbulent diffusfon. Nevertheless, if detailed descriptions of
the field of racionuclide concentrations are not required, ‘t is possible to construct quasi-
steady-state transport models that are valid for time scales larger than the tidal period and
smaller thar those associcted with major nontidal fluctuations in flow.

For regular shoreline geometry, or discharges removed from the shoreline, steady-state
Gaussian models based on Equatfon (17) nay be used (Refs. 38-41). The results based on these
models require careful interpretation, however, because of the large uncertainty in input param-
eter values, ~articularly the turbulent diffusfon coefficients. Since these coefficients arise
from time a»»rcgin?. their values for any given case will depend on the averaging period used to
define the mean velocity field. Furthermore, there is evidence to indicate that in the ocian
the »te of spread of a contaminant plume depends upon the plume age. Hence, in general, turbu-
Teat Siffusfon cocfficients will be time and space dependent. The methodology for obtaining
reasonable estimates for these coefricients is based primarfly on the interpretation of the
results of tracer studies in the 11ght of modern turbulence theory (Refs. 38-45).

More realistic detailed descriptions of radion. ‘1ide transport in ocean coastal waters will
require the use of numerical models. The advantuge of such models 1s that they are applicable
to fully time-dependent flow fields in receiving waters having complex geometry. In particular,
these models have the capability of treating tidal currents as advective rather than diffusive
mechanisms (“real-time" models), hence remcving a large element of uncertainty fn the deter-
mination of turbulent diffusfon coefficients,

Typical acceptable numerical models (Ref. 29-37) were discussed in Section 3.2.(3). In the
"real-time" modeling approarh, tidal currents are explicitly included as advective transport
mechanisms, Leendertse and cc-workers (Refs. 29-34) have shown that in this case, reasonable
estimates of longitudinal and lateral turbulent dispersion coefficients may be based on Elder's
(Ref. 19) formulas for steady open-channel flow.

The epplicability of numerfcal models and the techniques for establishing horizontal mixing
coeffictonts are discussed further in Sections 4.c and 4.d.
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4. ESTUARIES

Transport of contaminants in estuaries differs from that in rivers because of oscillatory
tida) adve.tion and the nontidal gravitational circulation induced by salinity differences.
An important consequence of these differences {s that there {s transport of materfal upstream
from the discha point in estuzries, the maximum upstream penetratfon being limited to the
yeneral region of oceanic ralt intrusion.

a. One-Dimensfonal Modeis

For purposes of radionuclide transport prediction, reduction of the estuarine problem to
a single 4imension (Tongitudinal) produces satisfactory resuits, except in the lower reaches of
the estisry, where circulation s cleariy two or three dimensiona). The one-dimensicnal simpli-
ficatior 1s accomplished by averaging over the estuary cross-section. The resulting constituent
transport equatfon s

Fe) + | 3000 < } 30 - e @)

whore
Alx,t) fs the cross sectfonal area;

E(x) s the sectionally averaged, one-dimensional longitudinal dispersion coefficient; I
and
U(x,t) 45 the sectionally averagad longitudinal velocity.

Both simple and elaborate methods of solving Fquation (23) exist.

The simplest models depend on the “tidally averaged” approximatfon, in which the tida.
oscillatfons are not included explicitly, but are considered to be responsible for large-scale
Tongitudinal diffusion. The more elaborate “real-time" mode's consfder the actual tidal flow
to advective, with Tongitudinal diffusion occurring through motions having time scales
considerably shorter than a tidal cycle. Each type of model is discussed below.

(1) Analytical Model {Steady State)
The least elaborate one-dimensional mode! assumes a constant cross-sectiona) area A, a

constant (tidally and sectionally averaged) Torgitudinal dispersion coefficient EL. and A4 con- |
stant fresh water velocity Uf. For this case Equation (23) reduces to

:l:{-g-u,%-xc-o (24)

where C s the time and sectionally averaged concentration. The solution (Ref. 46) to Equation
(28) for a source at x = 0 and the botndary conditions € = 0 at x = + = {g

A

W L

€ B~ oxp 1+ 14+ X (25)
M, /RE, ~ u?

/"
Ug

The sign within the exponential {1y negative downstream from the source (x positive)
and positivs upstream from the source (x negative).

In terms of dimensfonless varfables, Equation (25) reduces to

g
P® Pogg ™ (——'»—{”-’ t) (26)
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Figure 4 11lustrates this dimensfonless equation evaluated for ¢ and N.

Several features of Equation (26) are evident from Figure #. The dimensionless source
concentration Youn depends not only on the source strength and freshwater flow, but also on the

diffusivity it and the decay constant A. This dependency s explained by the fact that a steady
concentration is maintained by a balance between the discharge source, the net advective-diffusive
trarsport away from the source, and a local sink duc to radicactive decay.

The upstream and downstream curves have equal but upposite slopes for N = 0, since
there 1s no nontidal advection where the net freshwater flow is zero. The curves become skewed
in the downstream direction for increasing values of Ug because of the nontidal advection

(2) Releases of Short Duration

For releases of short du.ation, the preceding steady-state model does not apply. In
the case of a time-dependent source term, the transport equation is given by

2
aC € e 3C .\

The solution to Equation (27) for a time-dependent release may be obtained from the solution
corresponding to the instantanecus release of a finite quantity of effluent uniformly over the
flow cross-section (unit impulse function) (Ref.47 ).

The unit impulse solution is given by

é (x - u,nz
c ® e ——— ." - —"-"E"‘{"‘- * At (2‘)

AASE € L

where M is the amount of activity introduced (Ci).

For a more general time-dependent release, results may be obtained by time integration
of Equatfon (28). Assume that, instead of the instantaneous introduction of a finite quantity
at x * O and t = 0, effluent is continuously discharged at the rate g% = Wf(t) Ci/sec. The

concen*raticy distribution resulting from a continuous discharge in the time interval O<r<t {is
given by
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2
Pl B, S ,},, (29)

7= i S LR A

From Equation (29) *he concentration distribution corresponding to a square pulse
release of amplitude W and duration 'D is

[x - vt - '))2

Equation (30) ray be integrated to give the following solution in terms of exponentials
and error functions:

C= ?*5 exp (g;:) gle,t) for 0 < t « to o

€= gk o0 () [alxt) - o=t )] for > 4

where

glx,t) = [erf{%@-}g 1] exp(%—[) - [erf {’}‘.—%L;z%g 1] exp (- %E—L-)

U! + ‘lEL

The function g(x,t - to) has the same form as g(x,t), with (t - to) replacing t. The

sign within the brackets is chosen negative downstream of the source (positive x) and positive
upstream of the source (negative x).

Equation (31) holds for any pulse duration ty- In the limit as (t.to)’ =, the solution
reduces to the steady-state solution given by Fquation (25).

Release rates other than square pulses are most easily computed by solving Equation
(29) directly, using numerical quadrature. (See Secuiions 2.a.(2) and 3.a.(2) of this appendix.)

(3) Tidally Averaged Numerical Models

To simulate constituent transport in many types of estuaries, it is necessary to include
detail beyond the capabilities of analytical models. For example, the distribution of sourcas
and sinks (both man-made and natural) may be important.

Additionally, the estuary may have a nonuniform cross-section and tidal mixing prooer-
ties that vary along its length,

The next Yevel of sophistication above the analytical models are one-dimensi.nal numeri-
cal models, which can account for variable cross-sections, inputs, withdrawals, and tidally
averaged longitudinal diffusioa. These models solve what is essentially the finite difference
equivalent of Equation (23) ‘n either the steady-state or transfent (but tidally averaged) form.
Models similar to the EPA AUTOSS and AUTOQD models fall into this category (Ref. 48).

The estuary is considered to be divided inte variable-length segments. Fach segment
is coupled to the next upstream and downstream segment, as well as to external sources and sinks.
Typically, the boundary conditions are chosen so that the concentrations of the first and the
last segments are known constants. This is the most realistic assumption for this model, pro-
vided the model 15 extended to the headwaters of the estuary and to the . :un. In practice, the
model can easily be extended from the headwaters to the ocear by fine gric spacing in the area
near the discharge and by coarse spacing farther away--in the regions of less interest.
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A useful application of this medel occurs where there are recycle streams such as
municipal water withdrawal a.4 return. The recirculation with partfal or total removal of cer-
tain radionuclides could be important for heavily used tidal and nontidal waterways.

(4) Intratida) Numerical Models

The tidally averaged models are often subject to error because of uncertainty in the
longitudina)l dispersion coefficient. A more acceptable approach is the intratidal model, in
whick velocity, water level, and concentration in the estuary are simultaneously solved for,
the tidal velocity being retained explicitly as an advective transport mechunism. In such a
model, the longitudinal diffusion coefficient ' better defined on the basis of physical princi-
ples and 1s less irportant than in the tidally averaged case. The model solutions are suitabdle
for digital computation and do not require excessive computer resources.

Included are models such as the Dailey-Harleman (Ref. 49) one-dimensional finite element
model, the Lee-Marleman (Ref. 50) finite difference model, and the fraslan (Ref. 51) one-dimensional
donor cell model. Basically, these models solve the one-dimensional equations of mass, momentum,
and constituent conservation,

b}i + %2 - Source = 0 (32)
., U, sglgL :

Q’Uu’%.‘%?'“ K (33)

h
13 12 .12 aC
K 3e(AC) * g 5(ATC) = g SR(AESD) - ac s
where

b is the width of the estuary at the water surface;

Ch 1s the Chezy coefficient;

.h is the hydraulic radius; and

¢ fs the water surface location above an undisturbed level datum.

Concentration boundary conditions can be trea‘ed realistically in the intratida) formu-
latfon. The upstream boundary is usually the concentration at the head of the tide. The down-
stream boundary, however, usual', differs according to whether the tide is flooding or ebbing.
During ebb tide, the dowistream boundary is chosen so that al) constituents leave by advection.
During flood tide, the entering concentration mus be specified. This is determined by the
physical situation assumed. If the downstream boundary is the ocear, the concentration of con-
stituents in ocean water can be the input. [f the downstream boundary is a bay or other water
body where a discharged constituent can accumulate, an approximation of this concentration must
be made.

An advantage of the intratidal modei is its abiiity to simulate releases coordinated
with the tide. If the source of contaminant is close to the mouth of the estuary, it may be
advantageous to discharge only during ebb tide to flush the contaminant rapidiy out of the
estuary. Such operation could not be simulated with a tidally averaged model.

b.  Multi-Dimensional Models

In very wide estuaries and embayments, the one-dimensional assumption 1s not realistic.
For such conditions, both transverse a~d longitudinal velocity components are important, and
concertration gradients across the channel approach those along the channel, To simulate this
case with one-dimensional models, unreasonably large Y.ngitudinal dispersion coefficients must
be used,

Two-dimensional vertically averaged numerical models are mwre ,uftazble for these situations,
Typical acceptable models were discussed in Section 3 of this appendix.
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In some cases, numerical models which simulate vertical concentration varfations rather than
horizontal variations may be more appropriate, for instance, in the salinity intrusion region of
an estuary, or a highly stratified reservoir,

Although three-dimensional numerical models are currently being developed, their complexity
and relatively ?1gh cost of observation are rarely warranted for the purpose of computations
under T

€. FExchange Coefficients

The sectionally averaged, one-dimensional longitudinal dispersfon coeffictent, E, includss a
combination of several individual processes. In the prototyve, these processes include molecular
exchange ard flow- and wind-induced turbulent exchange. In most cases, these processes make a
relatively minor contribution to the overall dispersion, which is in part an artifact resulting
from the temporal and spatial averaging of the three-dimensional transport equations. In general,
the greater the simplification of the mode!, the larger the exchange coefficient must be to
simulate the prototype. .

The simplest model s the tidally averaged one-dimensional mode!. The actual three-
dimensional oscillating flow is drastically simplified into a one-dimensional system in which the
sdvective transport {s determined by the fresh water flow rate, The diffusive transport includes
the effects of deviations from sectional homogeneity and “"turbulence® components of time scales
on the order of the tidal period or less.

In the intratidal models, the true oscillating or unidirectional flow is simulated and is
treated as part of the advective process. The diffusive term includes the effects of deiatfons
from sectional homogenefty of the concentrat’on and velocity fields. However, in this case,
tidal effects are no longer included in the turbulence field.

In the case of two-dimensfonal intratidal models, it is, in general, only nececsary to
include deviations of velocity and concentration in the vertical direction since, with sufficient
resolution, the lateral flow field is simulated correctly.

In all cases, the most acceptable procedure for choosing the diffusion coefficient is to
adjust the model to match observed prototype conditions, usually through tracer study results.
In general, the more refined the model, the less empirical tuning fs necessary because the turbu-
lTent Lransport coefficients are more firmly based on physical princinles.,

(1) Tidally Averaged Models

If the tidally averaged model is used, the determination of the diffusion coefficient
s empirical and must be based on the observed dispersion of a known tracer, with prototype and
model constituent concentrations being matched. The tidally averaged longitudinal dispersion
coefficient ‘L may be determined from Equations (25), (28), or (293 by a trial and error pro-

cedure where Et is changed until the model concentrations match observed values of the tracer.

In the case of tidally averaged numerical models covered under paragraph 4.a(3), it is
possible to restructure the finite difference equations to solve for EL with input of observed

concentration of the tracer. The calculated values of EL may then be used for subsequent con-
centration computations.

As a rough approximation to the dispersion coefficient, lacking any field data, a

formu's by Hetling and 0'Connell (Ref. 52) based on data in the salinity intrusion region of
the Potomac River estuary may be used:

£ =180y, 3 (35)

where

Et is the sectionally and tidally averaged, one-dimensional longitudinal dispersion
coefricient (in ftzfsec). and

- fs the maximum tidal velocity (in knots).

It rust be cautfoned that this equation can only be reiied upcn for order of magnitude estimates
and 1s not necessarily conservative.
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(2) One-Dimensional Real-Time Models

Less “tuning” s necessary for real-time models than for the tidally averaged models.
O In the well-mixed ::g on of the estuary, Taylor's formula (Ref. 53) for dis.ersion {s acceptable |

for reasons discus fn Section 4.4 of this appendix.

The salinity intrusion regfon of the estuary is sti11 poorly defined on physical
grounds. Since the presence of gravitationa) circulation casts doubts on the applicability of
sectional averaging, it is this region for which tuning s most important.

An approximation for the Yongitudinal dispersion coefficient that 1s applicable to the
whole length of the estuary is based on the work of Thatcher and Harleman (Ref. 54). This approach
s based on a combination of Taylor's dispersion formula applicable to the well-mixed portion of
the utug ~obined with an empirical correlation for mixing in the salinity intrusion region

s

based on erved salinity distributions. The dispersion coefficient is
(§)
Eix,t) » x‘ i ’ + 7700 8, /6 (36)
()

where
L s the length of estuary;
n s Manning's coefficiert (local);
lh s the hydraulic radius (local);
S is the salinity (local);
S fs the salinity at mouth;
U, s the RMS velocity (local); and

X is the distance from mouth,
The fa tor K is given by

-0.25
K = o.oomvmuo (37)

and 1s shown in Figure §.
The quantity to s the so-called "estuary number® and is given by

2
P.F
0" 5‘,%‘ (38)

where
Fo is the densimetric Froude number evaluated at the estuary mouth;

Pr 1 the tidal prism, in ft3;
Q' is the freshwater flow rate; and
| 4 is the tidal period.

The dispersion formula given in Equation (36) may be used w'th good results as a first
approximation in the tuning of a real-time model.

In an oscillatory flow such as a hydroelectric or pump storage reserveir where there
s no salinity intrusfon region, the Taylor formula alone may be used as a first approximation: |
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E(x.t) = 770 8, 576 (39)

These approximations are suftable only for perfodic oscillating flows and not neces-
sarily for unidirectional flows (as will be furthe: explained in Section 4.4 of this appendix).
Tuning of the dispersion coefficient shoyld be performed after the friction coefficients are
adjusted to simulate the observed flows, since Equation (39) 15 a function of Manning's coefficient. |

(3) meumm

The best ap::oufnuon for the dispersion coefficients 1n the two-dimensional estuar
model appears to be the one adapted for the one-dimensional real-time model discussed thove. For
Example, as a firgt Approximation in the simulation of Jamatca Ray, which can be classified as o

¥e11-mixed two-dimensiona) estuacy, Leendeitse (Ref. 29) used Elder's formula with an additional
factor for the effect of wind-induced turbulence,

s with the one-dimens ional models, tuning 1s necessary to match prototype observations
be performed after roughness factors in the hydravlic part of the model have been
established, [ the salinity intrusion regions of the estuary, initia) estimates based on the
method described in Thatcher and Marleman Ref. 54) ;Sould be adequate.

9. Applicabiiity of Modeis

Choice of one of the above models involves severa) factors, Although these models are classi-
fled as estiary models, they may e used for other types of water bodies, such as reservoirs with
generation flow reversals and, in most cases, vnidirectional rivers, Howe ver,
ASsuptions fmplicit in one-dimensiona) models may be invalid in some cases, as explained below,

Fischer (Ref. 55) analyzed the mechanics of dispersion in nontidal rivers and concluded that
Elder's forvula yielded dispersion coefficients that were low by as much as two orders of magni -
tude. He concluded that Tongitudinal dispersion 4n rivers is primarily due to velocity varfatics
in the latera) direction, while Elder's formyla accounts only for velocity variations {n the

vertical direction, approximate diffusion coefficient for unidirectiona) rivers derived by
Fischer (Ref. 55) is

~ “7 42
£ = 0.3 u .'”—“; (‘0)
where
t is approximately the Cross-sectiona) distance from the point of maximum

velocity to the further bank;
R" is the hydraulic radius;

is the mean squared deviation of the river flow from the sectional mean
velocity u; and

u* s the shear velocity,

The one-dimensional model is valid only for downstream distances cerresponding to travel
times greater than the so-.alled "Taylor periog*:
‘2
t>)1.8 thr (41)

at whics oint the constituent introdyced at t = 0 s sufficiently welt mixed in the cross-section
for the ansport to be considered one-dimensional.

In an oscillativg tida) flow in a wide, shallow estuary, however, the tida) perfod 1s large
Compared to the vertical mixing time scale, but smal) compared to the latera) mixing time scale,
In this case, velocity varfations in the lateral direction add Tittle to the Tongitudinal mixing,
and fquation (39) 1s appropriate. |
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S. I*. OUNDMENTS

There are two basic types of cooling ponds. The first is a closed-locp system in whizh the
thermal effluent is cooled in the pond and recirculated through the power plant conder<ers. Some
water ("blowdown") must be removed from the to limit the dissolved solids concentration to
an acceptable level. fresh water ("make-up”) must be added to the pond to compensate for evapo-
ratfon and blowdown,

The second type of cooling pond is 3 flow-through system in which there is little or no
recirculation of effluent through the power plant. The effluent is discharged to the pond which,
in turn, discharges %o o 1.rger body of receiving water. The pord srrves as a holdi~: res:rvoir,
allowing effluent to cool before enteriny the receivine water.

The source of radionuclides may either be located on the impoundment or upstream or a
tributary of the impoundment. For the simplest models, this distinction 1s irrelevant be ause
concentration is based on flow through the impoundment and does not depend on the placement of
the fnput. In the case of the upstream plant, the source term W is the rate of radionuclide
entering with the flow at the boundary of the reservoir,

Figure € 1llustrates a closed-loop cooling pond. Water for cooling fs drawn through the
intake, circulated through condensers, and returned to the pond via the discharge. There are
two important hydroloyical parameters of this system. The first is ti. internal recirculation
time constant ass~ciated with the flushing cf the pond by the makeup and blowdown streams. The
second is the time constant associated with the decay of radioisotoves.

Figure 7 i1lustraies the flow-through pond. The hydraulics of this pond are simpler than
the closed-loop pond, since no recirculation occurs between intake and discharge. In this case,
the only hydraulic time constant is that associated with the travel time from the plant dischurge
to the receiving water.

a, Simple Analytical Models

Simp\e wdels may be used to (btain conservative estimates of th. radioisotope concentra-
tions. Fc.r models can be used to describe all cooling ponds: the compleiely mixed model, the
plug-flow model, the partially mixed modei, and the stratified rdel. In each case, the effect
of evaporation is neglected.

(1) Completely Mi.ed Model

Figure 8 shows the first case (the claosed 1con), in which t'» pond is represented as a
completely mixed tank. Al1l inputs of material makeup are instantaneously mixed throughout the
tank, -0 that the concentration is homogeneous.

By performing a m>ss balance on the volume of the pond, a solution for concentration
is obtained, assuming rero initial concentraiion and complete mixinec:

S A
C .rl qb J
el L R - 1t (42)
G ?!_.,3 [ 5 i
VPR

where
% is the pond blowdown rate and

v is the volume of the pond.

T

The concentration (‘.° is the steady-state concentration that would exist for a nonuecay-
ing sutstance and is given by

c W
4] qb

“mere W is the rate of additicn of radicactivity (in Ci/sec).
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For the steady-state concentration of a decaying substance, Equation (4Z) recuces to

b

(43)

e |
‘TTx
e In terms of the half-11%e, th' of the added radicactivity, Fquations (42) and (43)
reduce
g'c - ‘t-;-m (1 - exp {- [t + 1022 i.}) {44)
(at steady state) 5; - ?"%"732 (45)
where
T = Ea—gk and
T
tﬁ = (In2)/2

The dimensionles. varfable 1 is the radinisotope half-life expressed in multiples of
| the flushing time (V'/qb). tigure 9 11lustrates the steady-state concentiaticn defined by

Equation (45) as a function of r. This figure shows that for small half-lives {compared with the
flu %ing time, leqb)’ "he concentration depends strongly on half-iife, but for long half-lives,

this dependence diminishes.
The compietely mixed tank mode) (see Figure 8) is adequate for substances with long
half-11ves, where the internal circulation time is short compared with (se half-life. In this

case, the concentration in the pond is fafrly homogeneous, satisfyi 3 the "completely mixed"
Timitation of this - odel.

(2; Plug-Flow Model

For the flow-tl.rough cooling pond, the plug-flow model illustrated in Figure 10 may
be adequate if it is presumed that there is no recirculation. The concentration is exp: cssed as

C=cC,exp (-xv,/qb) = C, exp ( - n2/x) ' (46)

where % is now the flow rate through the pond.

This expression is evaluated in Figure 9 and compared with the completely mixed case.
Agreement is best for large r. Although not easily seen in Figure 9, ‘Ye models deviate for
small ¢,

(3) Partially Mixed Model

Where a significant part of the flow fc due to both blowdown and plant pumping, neither
o the above models {is adequate. A suitable nodel that fncludes both the plant numpiing rate q
and blowdown rate 9, is illustrated in Figure 11. The recirculation factor R is defined as

%

Re =
%

The s.eady-state concentration is then definad as
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- o (47)
o (R+1)exp [;r'—;-ry n2] -1

Figure 12 shows the relative concentration CIC° as a function of 1 and R. Notice that
the asymptotic forms of Fquation (47) for R = 0 reduce to the completely mixed case:

T

¢ .

f; t+in (45)
and for R = « to the plug-flow case:

c B, »

to < exp { - inZ/v) (46)

(4) Stratified Reservoir Lumped Parameter Model

A simple model based on an approach of Trent (Ref. 56) is useful for a gross approxi-
mation of the mixing processer in stratified reservoirs that have seasonal turnuver. The lake is
assumed to have two layers, each totally mixed (Figure 13). Water can flow into and be withdrawn
from either 1a, -, but the layers do not mix during stratified flow periods. The volume of each
layer {s assumed constant durj the period of stratification or during unstratified flow. Turn-
over s assumed to mix the tuo"?ayers totally and instantaneously. This assumption is reasonable
for systems in which the turnover time is smal) compared to the residence time

Input data needed for this mode) are as follows:
Stratified Period

1 Length of stratified period

2. Vo'ume of epilinnion-and hypolimnion (constant over period)
3 Inflow and withdrawal (sameg. efither layer

4 Concentration in inflow

5. Half-life of constituent C
Unstratified Period

Length of unstratified period

Tetal volume of reservoir (constant over period)
Irflow and withdrawal (same)

Concentration in inflow

Half-life of constituent

N 8w N -
& o @ v o

The model is initialized with concentration C(o) at time t = 0. The first period,
(0<t¢t‘). corresponds to stratified conditions. Concentration in the epilimnion during this

period is
CE = .‘.:.I!‘..Fb;g(_ollg.bt (‘8)

C:q q
‘.vj.i.buv’-ti
£ E

where
Ci is the input concentration in the upper layer;
9 is the inflow to the upper layer;
is the volume of epilimnion; and
b is the decay constant and is = ln?/tk.
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The concentration in the lower layer during this perfod is
b LI -b't
€y = a' - [a .b C(o)]e (49)

e c‘lq‘i
H

b'-q'.oa
W

where
C“ is the input concentration to the lower layer;
q" is the inflow to the lower lay.r; and
V" is the volume of hypolimnion,
During turnover, instantaneous mixing of the twoc layers is assumed as
Y ¢+ CY
E'E H'H
Gy, (50)
During the unstratified flow period, (t‘<t<t2). the concentration s
l'-(l'-b“CT)e-b..(t ~ t‘)
L4 5- &g (5‘)
Y ci““" b. q‘ﬂ : x
" = » = -
, Sl 7
where
c'- is the input concentration for the tctal pond;

q“' is the inflow; and

V' iy the total volume. '

Subsequent seasonal stratification cycles repeat with Equation (48), but with the
latest fully mixed concentration substituted for C(o).

Simpie methods such as the well mixed, partially mixed, and stratified models covered
in this and the previous section are most suitable for estimating concentrations in reservoirs,
ponds, and lakes that are downstream of the radionuclide discharge and consequently already par-
‘Yally mixed. In such a case, the hydraulics of the pond are less impertant and simple methods
m2y suffice,

More elaborate models may be required, however, for a direct radionuclide discharge to
the reservoir. In this case, the hydraulics of the reservoir may strongly affect the way in which
the radfonuclide releases <isperse,

(5) Buildup of Tsotopes Using Simple Models

For large cocling ponds with relatively small blowdown rates, the concentrations of the
longer-1ived isotopes may build up nver a period of several years (exclusive of sediment uptike
effects). It may desirable to know the rate of this buildup, since the flushing time would
be a significant fractfon of the useful life of the plant.
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Since the only concern is long-1ived isotopes, the completely mixed model is analyzed
for transient conditions.

If the concentration in the pond is initially cero, then

s; = ;—;!131 (1 - expl-[r + 1n?]t/t~) ) (4

Figure 14 shows the buildup to steady-state concentration Css as a function of dimen-

sfonless time o (time/flushing time) for several values of «. Notice that Equation (44) becomes
fairly insensitive to « for large t. This fact is 11lustrated more clearly by observing the time
to reach some arbitrary fraction, say 99% of steady state:

1 - exp [-(x + 1n2) ‘q] = 0.99 and (52)

o o) .. fino.0
9 \V; /99" T\v+nZ

Ligure 15 illustrates the 99% buildup time as a function of t, clear) showing how,
for very long half-lives compared with pond flushing times, the time depends only on the flushing
time of the pond.

(6) Hydraulics of Ponds Using Simpl fodels

The simple models presented here must be used with caution for several reasons., Llarge
portions of a pond may be unused for dilution if the pond is unstratified and frregularly shaped.
If the same pond becomes stratified during certain times of the year, however, previously unused
sections may become useful because of density flows (Ref. 57) and because of the strong mixing
induced by seasonal turnover.

In a flow-through cooling pond without recirculation, stratification may be detrimental
because the thermal effluent and the radioisotopes may be confined to the upper layer, thereby
reducing the effective volume of the pond. Thus, definition of the effective volume of a pond
may be difficult.

It should be possible, however, to pick a conservative volume for a "worst case" calcu-
lation. Calculation of the steady-state concentration of isotopes whose half-lives are long
should cause little error because the concentrations approach that of a conservative substance

« ¥
Co %

regardless of pond hydraulics.
b.  Mumerical Models

Stratified reservoir models are in most cases numerical evaluations of the one- or two-
dimensfonal equations descrining convection and diffusion in stratified flow. The simplest numer-
1cal models are the one-dimensional diffusion mcdels, such as the MIT deep reservoir model
(Ref. 57). 1In such models, concentration is assu-ed to be horizontally uniform. Vertical dif-
fusfon and advection are modelea. The flow field is calculated by the equation of continuity
and by accounting for inflows and outflows such as dams, tributaries, and outfalis to and from
the different layers of the reservoir. Such models are useful where there 1s strong stratifi-
cation, especially where the reservoir is used for direct condenser cooling. In such cases, the
stratification is reirforced by the additional heat, discharge is usually to the surface, with-
drawal fs from the hypolimnion, and vertical gradients are more pronounced than horizontal
gradients. Trese models are less accurate for resecvoirs that have seasonal turnover and subse-
quent unstratified periods. Furthermore, these models are incapable of simulating certain {mpor-
tant effects, such as horizontal mixing in the vicinity of a power plant discharge.
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Where both vertical and horizontal effects are important, more complicated models are war-
ranted. For example, the EPA Reservoir Model (Ref. 58) allows for the horizontal segmentation
of the reserveir. Fach reservoir segment is solved in the vertical direction. Inputs from
upstream and downstream segments are coupled empirically to account for density flows.

Another useful model 1s the reservoir model of Ryan and Harleman (nof. 59). In this model,
the one-dimensional horizontal solution in the surface layer is coupled with a one-dimersional
solution in the vertical direction. Effects of discharge mixing, surface cooling, and lateral
gradients are calculated in the surface layer solution. Verticaliy stratified flows and selec-
tive withdrawals are handled by the vertical solution. The model s most useful for cocling
reservoirs where stratification is strong.

6. WATER USE

For identifying 1iquid pathways to man for realistic evaluations of the doses from normal
releases from nuclear power plants, it is necessary to locate water users, fdentify ty of
uses, and estimate usage to a distance of 50 miles from a site. Because of high usage rates
along many streams and estuaries, it 1s also necessary to fdentify the effects of wat:r usage on
the spatfal and temporal distribution of flows. In additfon, water usags instream of a nuclear
power plant can alter flows at or downstream of the plant. Tle following 135 an acceptable meth-
odology to evaluate wacer usage and the consequences thereof on streamflows. This methodology
provides a realistic evaluation of the Tiquid transport of normal releases of radionuclides from
nuclear power plants along streams and estuaries,

a. Users

A schematic diagram of the river basin that locates the following features in velation to
t'e plant site should be prepared: (1) surface water uses* upstream and downstream of the plant
sfte, (2) major tributaries and their Junctions, (3) streamflow gaging stations (including rheir
perfod of record), and (4) major reservoirs and diversions upstre.. and downstream of the plant
site. Approximate contributing drainage areas and types of water uce for all points {dentified
:ho:}d be :houn on the diagram or tabu?ated separately. An example schematic diagram is shown
n Figure 16.

From the dfagram, key diversion and streamflow stations should be selected to provide the
basis for establish1n$ reasonable spatial and temporal distributions of runoff patterns, upstream
and downstream of nuclear power plant sites. Historical streamflows at major mainstem and triby-
tary locatfons should be adjusted for historical diversions and reserve: - effects to produce
“natural” flows (e.g., flows independent of reservoir and diversion effects). Missing streamflow
data (1.e., gaps in records) at critical stations may subsequently be synthesized by direct cor-
relation with nearby streamflow stations or by statistical correlation with many stations using
models such as "HEC-4, River Flow Simulation® (Ref. 60). In general, a period of at least 20 to
30 years of record, including the historical drought of record in the region, should be used.

Monthly durations have been found (Refs. 61 and 62) to describe adequately the fluctuations
in streamflow without introducing significant errors in long-term estimates of reservoir yields.
Similarly, estimates of average annual radionuclide concentrations along a river, based on
monthly streamflow averages, produced acceptable values when compared with longer flow periods
(see Figure 17). Flow periods for multidirectional estuaries, lakes, and ocean sites were dis-
cussed in Sections 3 and 4 of this appendix.

b. Usags

The effects on streamflows at and downstream of a site caused by reservoirs or diversions
should be fdentified. Reservoirs may cause sfgnificant changes in the distribution of seasonal
runoff, Operating constraints on reservoir storag>, outflow, and diversi~ns should bs estab-
1ished on a month?y basis for existing conditions of basin development and water demand and for
anticipated future conditions throughout the lifetime of the plant. Where proposed reservoirs
may significantly affect flow conditions, their effects snould be considered by simulating their
operation using models such as "HEC-3, Reservoir Analysis" (Ref. 63).

r' ) »
Use types include drinking water, frrigation, process water (consumed by such users as brow.i les
and soft drink manufacturers), recreation areas, and fisheries. Cround water users with . 'is
whose zones of influence extend to streams should also be included.
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Many alternative schemes i‘or developing water resources may have been proposed in a particu-
lar region, and it 1s difficult to cenclude which, if any, are likely to be constructed. The
evaluation described herein should consider any Federal, state or locally authorized projects,
any projects adopted by local river basin commissions; or any other projects whose chances of
being constructed are consfdered likely.

The locations of fisheries and recreation areas that will be exposed to ncrmal releases of
radionuclides within 50 radial miles of a plant should be identified. Present and projected
future contact by humans and fish should be estimated.

The use of river system simulation models such as HEC-3 to adjust histori. streamflows and
to synthesize existing and potential future walter use can provide acceptable estimates of the
spatial and temporal distributions of streamflows at the locations for which estimates of average
radionuclide concentrations are required. Two tasic assumptions are required. First, it is
assumed that the period of recorded historical streamflow selected for simulation is representa-
tive of conditions to be expected in the future. Secondly, it is assuned that it is necessary to
adjust historical streamflows for the effects of reservoirs and diversions. If both of these
assumptions are not supported by historical basin water usage, no adjustments are necessary.
Furthermore, if projected water use cannot be expected to alter streamflows in a way such as to
require basin simulation, no flow adjustments are necessary.

Water use should be estimated, on a monthly basis, for present and proje -ted future con-
ditions. Local, state, or regional agencies often maintain records of such use, and such infor-
mation should be summarized and appropriately annotated. These same agencies have in many cases
made projections of future usage; these projections should be summarized and annotated.

Where existing records or locaily projected usage information i. not available or s con-
sidered unreliable, conservative estimates may be made from population projections and forecasted
per capita usage estimates of agencies such as the U.S. Geological Survey or the Water Resources
Council. Where population or water use forecasts are at variance with other forecasts submitted
by the applicant, the bases for the diffsrences should be provided.

Although conservative estimates are sometimes required to ensure that the c.nsequences of
accidents are acceptable, realistic estimates will be adequete for the normal effluent release
evaluations required by 10 CFR Part 50, Appendix I.

c. Existing Studies

Many studies of the effects of water resource development schemes have been completed in
great detail. For example, many large river basins have been studied by the Coips of Engineers
and others. These existing studies, with only minor modifications for plant water use, may be
used directly,

7. SEDIMENT UPTAKRE AND TRANSPORT MODELS

The ability of suspended and bottom sediments tc absorb and adsorb radioactive nuclides
from solution is recognized as contributing to important pathways to man through the sediment's
ability to concentrate otherwise dilute species of ifons. The pathways are by direct contact
with the populace and by transfer to the aquatic food chain. Sorption by sediments is alsc an
important mechanism for reducing the area of influence of plant releases.

 The state of the art in sediment-related effects is not as advanced as in other engineer-
ing disciplines. For this reason, and uitil reliable models become available, the staff will
rely on existing field studies and the staff's and consultants' experience to determine the
conservatism or reasonableness of the applicant's analyses and results.

If the applicant elects to take credit for the removal of certain fons fr.m the surface
waters by sediment uptake, extensive verification of the techniques used will !¢ necessary
because of the lack of existing verified jeneralized models. The applicant's models will be
evaluated based on their adherence to physical principles and their proven reliability in
simulating prototype data. Models will be compared, in terms of physical principles, to those
listed in the references, *n accordance with the classification of receiving water. However,
the staff does not accept these models a priori. Because most existing sediment uptake and
transport modeling techniques are crude, the applicant should demonstrate that the model is
conservative or realistically simulates the prototype. The model verification will be accepted
based on the quality of comparison with measurements for water bodies having characteristics
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similar to those at the site. Actual measurements of sorption characteristics for pertinent
radionuclides should be presented for areas of the water body within the influence of the plant.
Thase measurements should reflect seasonal variatisns of sources and sinks (spatial and grain
size) and the physical and chemical properties of the receiving water.

Estimates of sediment movement should be supported by actual field measurements (oy the
applicant or others). Events and processes affecting sediment movement and deposition (e.g.,
floods, storms, wave activity, and estuarine stratification) shouid be cons!dered. Changes in
the character of the receiving water that would infiuence sediment transport (e.g., dams, jetties,
groins, and shoreline c'ungc:’ should be considered.
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LIST OF SYMBOLS

Symbol Description

A Cross-sectional area of river or estuary

e Width of estuary at water surface

B Width of river

C +  Concentration ¢f constituent in water

Ct Concentratiun in epilimnion of stratified impoundment

Ch Chezy resistance coefficient

C" Concentration in hypolimnion of stratified impoundment

C' Input concentration in the upper layer of a stratified impoundment

c" Input concentration to the lower layer of a stratified impoundment

" Input concentration for the total ir sundment

C° Steady-state concentration of a nondecaying substance

Ct Concentration in total impoundment at time of turnover

CSS Steady-state concentration of a gecaying substance

d Depth of river

0 Diffusior factor g
Op Dilution factor

E Sectionaily averaged, one-dimensional Tongitudinal dispersion coefficient
EL Estuarine, sectionaily and tidally averaged, one-dimensional longitudinal disper-

sfon coefficient

o Estuary number (dimensionless coefficient)

f Coriolis parareter

FD Leasimetric Froude number at downstream boundary of estuary

g Acceleration of gravity

H Depth in estuary or open coast measured from water surface to bottom

K Empirical coefficient used in description of mixing in salinity intrusion

region of zn estuary
l K., K Vertically averaged, two-dimensfonal turbulent diffusion coefficients in x and y

- directions, respectively

t Distance from point of maximum velocity to further Sank in river flow

L Length of estuary
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LIST OF SYMBOLS (Contin.od)

Description
Quantity of radicactivity released in a pulse discharge

Manning's coefficient

Dimensionless estuarine freshwater velocity

Tidal prism

Cumelative river discharge measured from near shore

Total river discharge

Dimensfonless cumulative river discharge

Flow rate of blowdown through the pond

Freshwater volumetric discharge rate in estuary

Inflow to the upper layer of a reservoir

Inflow to the Tower layer of a reservoir ﬁ
Inflow to the total reservoir

Plant pumping rate

Cumulative river discharge rate at position of point source
Dimensionless cumulative river discharge rate at position of point source
Cumulative river discharges at beginning and end of line source, respectively
Recirculation factor for impoundments

Hydraulic radius

Salinfty in estuary

Salinity at downstream boundary of estuary

Time

Duratfon of pulse discharge

Tidal period

Half-1ife of radionuclide

Velocity in x direction

Sectional mean velocity in x Jirection

Deviation from sectfonal mean velocity u

Vertically averaged velocity in x direction

Sectionally averaged lorgitudinal velocity in river or estuary
Sectionally averaged fresh water velocity in estuary

RMS velocity In an oscillating flow

Shear velocity

1.113-47




' LIST OF SYMBOLS (Continued)
Symho) Description
v Velocity in y direction '
v Vertically averaged velocity in y direction
't Volume of epilimnion in stratified {mpoundment
Vu Volume of hypolimnion in stratified impoundment
V-' Maximum Tocal tidal velocity
'T Total volume of impoundment
W Rate of radfocctivity addition, fr Ci/sec |
x Longftudinal coordinate ‘
X Dimensionless longitudinal coordinate |
y Lateral coordinate |
Ye Lateral position of 2 voint <ource
Yo1+¥s2 Lateral positions of beginning and end of 1ine source in cartesian coordinates i
z Vertical coordinate
2, Vertical position of a point source
a Dimensfonless coefficient
8 Dimensionless coefficient
r Dimensfonless crass-sectionally averaged concentration
Fast I at the source position
< Lateral turbulent diffusion coefficient
LN Vertical turbulent diffusion coefficient
3 Water surface elevation above undisturbed datum
f Jimensionless time (ratio of time to flushing time)
f A Radioactive decay coefficient (1n2/t~)
£ Dimensionless longitudinal distance from source in a one-dimensfonal estuary
0,40 Standard deviations of radionuciide concentrations in y- and 2-
’:. directions, respectively
1 T Ratfo of the half-life to the impoundment flushing time
i v:.t; x and y components of surface wind stress
X Nondecaying concentration
j x Dimensionless nondecaying concentration
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