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THERMAL DISCHARGE SURFACE DISTRIBUTION ANALYSIS 
IN THE DELAWARE RIVER ESTUARY 

• 
SALEM NUCLEAR GENERATING STATION, NOS. 1 AND 2 UNITS. 

History 

During July 1968, Pritchard-Carpenter, acting as consultants for 
the Public Service Electric and Gas Company (PSE&G), published 
a report titled "Dispersion and Cooling of Waste Heat Released 
into the Delaware River Estuary 11

, This report has been included 
as Appendix A.4 of PSE&G 1 s operating license stage Envir~nmental 
Report for the Salem Nuclear Generating Station, Units 1 and 2 .. 
The report was the result of numerous tests performed· by · 
.Pritchard-Carpenter utilizing the U.S. Army Corps of Engineers 
Waterways Experiment Station 1 s hydraulic model of the Delaware 
River. The model is located in Vicksburg, Mississippi. Tests 
were run to determine the optimum locatioh and design of the 
power plant circulating water system intake and discharge and 
to determine the size of the isotherms which would result in the 
estuary from plant operation, The design station cooling water 
temperature rise of 13.6°F was used in all model work. 

In April 1973 the United States Atomic Energy Commission (AEC) 
published .its Final Environmental ·statement for the Salem Nuclear 
Generating Station. Using the phenomenological data provided by 
Asbury and Frigo and modifying their method of thermal plume size 
prediction the AEC staff independently developed an estima·te of 
the thermal discharge surface distrib~tion. The AEC staff also 
used a discharge te~perature of 13.6°F above the ambient water 
temperature for their determinations. 

During 1975, while work progressed on the Salem Environmental 
Technical Specifications it became apparen~ tq PSE&G engineers 
that the design cooling water temperature rise of 13.6°F wbuld 
not serve as a suitable thermal discharge limit. Analysis showed 
that under certain riormal full load op~ratin~ conditions the tlis­
charge temperature could be· as much as 16.5°F above the ambient._ 
This fact prom~ted additi6nal thermal ~lume analysis. 

Extrapolation of Tidal Plume Data 

PSE&G personnel plott~d the areas calculated by the AEC staff 
shown in Table 5 .1 of the Final Environmental Statement on an 
Asbury-Frigo curve. This is shown in Figure 1. Using a 16.5°F 
temperature rise, PSE&G then used the curve to re-estimate plume· 

.sizes. It was desirable to relate the results to the tidal 
variations as determj_ned in the physical m_odel of Pritch.ard­
Carpenter. For each isotherm a ratio of the 16.5°F area to 13.6°F 
.area was calculated. Respective ~aticis w~re multiplied by the 
isotherm ar~as determined by Pritchard-CarEenter yielding new 
tidal isotherm area estimates for the 16.5 F discharge temperature. 
The progression of calculations and·the 16.5°F tidal estimate are 
shown in Tables 1 and 2. · 
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Environmentail Implications 

Organisms emtrained in the cooling water. will be subjected to 
a sudden te~perature rise in the condenser. This exposure and 
its effects: :_are limited to, and by, entrainment time in the 
cooling system. During normal operation this p~riod of entrain­
ment will be less than 4 minutes. Under the most severe condi­
tions, entr~inment time will be .less than 8 minutes for 1/5 of 
total coolimg flow; 4/5 of total flow will be passed through the 
system with:ii.n 4 minutes. This time-temperature exposure· will 
e:ff'e ct m~ nim.um impa9t on entrained organisms. Studies by Hoss, 
et. al., \l) .Schubel\2), and Ichthyological Associates (unpub­
lished) sho~ total survival amo~g potentially entrainable 
organisms wfuich were exposed for 10 minutes to a 6T of 16 .. 5°F, 
and relatively high survival after similar exposure to a ~T of 
27.5°F. Due to handling problems the Cynoscion r~galis (Weak­
fish) and tlrie Anchoa Mitchilli (Bay Anchovy) were not included 
in these temts. However, the overall impact on all species is 
not expecteili to be significant for the following reasons: 

.1. Infrequency of the occurrence of i:;he 27. 5°F DT as indicated 
in the fuases for 8pecification 2.1.2. 

2. Compara:itively small amount of water utilized for cooling 
purpose$ compared to tidal flow (on the order of 1%). 

3. With re:IB::pect to weakfish: 

(a) 

. (b) 

M.o::st are spawned at least 15 miles south of Artificial 
Is.Ila.nd. Relat.i vely few of entral.riable size (< 50 mm 
toftal length) have beeri taken by Ichthyological 
As::$ociates, Inc. in the Artificial Island region . 

Thre vicinity of Artificial Island is the qorthern 
pe:irimet·er of. a large nursery area which extends south 
thEough the Delaware Bay. 

With rempect to bay anchovy: 

(a) La.:Jrge numbers oc.cur throughout the Delaware Bay estuary. 

(b) Thre majority of the population will not be e~posed to 
thre Salem intake . 
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NOTES: 

PSE&G ADJUSTED AEC STAFF 
THERMAL PLUME ESTIMATES 

• 
13.6°F T 16.5°F T 

AEC Surface PSE&G Surface 
Area EstGm('t) Area Estim(tes 
ft 2 X 10 a ft 2 x 106 b) 

250 310 

120 140 

55 92 

22 39 

3.3(c) 11 

2.3 3.9 

1.l 2.0 

0.62 1.0 

0.25 o.43 

16.5°F 
13.6°F 

1.2 

1.2 

1.7 

1.8 

3.3 

1.7 

1.8 

1.6 

1.7 

(a) Table 5.1, United States Atomic Energy Commission Directorate 
o~ Licensing, Final Environmental Statement, 
Salem Nuclear Generating Station - Units 1 and 2. 
Areas are by modified Asbury and Frigo method. 

(b) Areas are.by same m6dified Asbury and Frigo method as (a) using 
AEC curve on Figure 1. 

(c) Point does not fit curve sho~n in Figure 1 . 
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TABLE 1 

T Area 
T Area 
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