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1. STATEMENT OF THE PROBLEM

' The ?ederal'Water Pollutioh_antroi Act Aﬁeﬁdmepts_of'i97é
(P.L. 92%500), Secéion 316(bi,.:equire that cooling Qéter
intake é£rué£u£e§ reflect thé ﬁest technoi@éyiavéilabie fpr
minimizing adverse environmental impact. Adverse:impéct,can
fesult from ehtréihment and impingementloffaquatiélo;ganis@s
at watef intakes. Enfrainmeht_is.the‘ﬁithdrawal_of érganisms
into the cooling water system.‘lIt involves orgénismé which
are small enough to pass through the intake screen mesh,
primarily planktonic forms such as phytoplankton, zooplankton,
ichthyoplankton and benth;c érift organisms. Mortality of
eﬁtrained organisms can vary, depending on the organisms and
the characteristics of the system, from considerably less

than 100% in most open systems to nearly 100% in closed

systems.

Impingement occurs when organisms too large to pass through the
mesh of the intake screens become trapped against them by the
force of the intake current. These larger organisms are
predominantly fish which may tire or become injured, or are
unable to escape. High impingement mortality often'feéults
from natural die-offs or weakening of fish prior to impinée—
ment (Edsall and Yocum 1972; Quirk, Lawler and Matusky 1974)

or from cold-induced lethargy (EPA 1976a, USAEC 1972).



According to EPA (1976h) "Regulato;ymageneies‘should clearly
recognize that some level of intake damage can be acceptable
and thus represents a minimization of environmental

impact.” This demonstratlon prov1des a "best pOSSlble
estlmate of what damage is or may be occurrlng and relates
this to populatlon levels and natural varlablllty of the
indigenous Mississippi River populatlons-near the Montlcello

Nuclear Generating Plant (MNGP).



2. SUMMARY

Section 316 (b) of the Federal Water Pollution Control Act
Amendments of 1972 requires cooling water users to‘determiné
biological effects of their intake systems and to demonstrate
that ‘the design, construction, 1ocationAand operation of the
intake systems reflect the best technology available. Under
the Nafional Pollutant Discharge Eliminatioﬁ System kNPDES),
Section 402 of P.L. 92;500, Minnesota has been given the
authority to administer the law using the 316 (b) amendments

and Minnesota Regulation WPC(u) (3).

The Minnesota guide for the édministration of Section 316(b)'
requires the demonstrator to show the environmental effects
of cooling water intakes through documentation of the
magnitude of impingement and entrainment impacts (MPCA
1975). Supplemental information on the aquatic ecosystem in
the region of the intake is also requested. In this Section
316 (b) Demonstration, Federal and State requirements have
been addressed by providing the anal&sis of entrainment and
impingement at the Monticello Nuclear Generating Plant

(MNGP) and by providing éxtensive baseline data for the

area.

Northern States Power (NSP) has conducted ten years of

studies of the Mississippi River ecosystem near MNGP,



including three years of preoperational studies. The waters
of the Mississippi River are generally considered to be of
good guality and to support'alhealthy and abundant flora and

fauna.

This Demonstration is primasily based upon the study of‘”
entrainment, impinoement and waterbody populations'of yoﬁ5§
fish at MNGP during April 1976-April 1977. This period
encompassed some of the lowest flows in the MlSSlSSlppl
River in decades. Consequently, durlng the study year the

plant withdrew relatively high percentages of river wate:

and, along with the cooling water, entrainable organisms.

Phytoplankton is the only commusltt of orimery producers

that could be s1gn1f1cantly 1mpacted by MNGP 1ntake operatlon.
However, phytoplankton is less 1mportant to the trophlcs

of the Mississippi River in the MNGP‘aree‘than peslphyton.
Periphyton, which has been estimeted to oontrlbute‘f;oh

60 to 82% of the primary proooction in theAaquatic enyironmept
near MNGP, is not subjeotjto;slgnificant entsainment oeoause

it is usually attached to the river substrates.

In the April 1976-April 1977 study year, 19% of the phyto-
plankton passing MNGP may have been entrained. Considerably

less than 19% would have been impacted since, especially



during open cycle operation,‘survival of entrained algae
would be high. Considering the low level of impact, the
secondary importance of phytoplankton to the trophic structure
of the river and the rapid regeneration times of algae,
operation of the MNGP intake does not represent a threat to

primary prdduction in the Mississippi River near MNGP.

Approximately 19% of the zooplankton fldwing past MNGP may
have been entrained during the study yéar.' A considerably
smaller percentagé'of‘the river zoo?lankﬁon'was iﬁpacted
since, espeéially during open cycle operation, a high survival
of entrained zooplanktets is expected. The trophic importance
of zooplankton in the Mississippi River near MNGP is limited
éue to the low nuﬁbers of crusta;eans in the community and
:£he limited number 6f brgénisms‘that feed on zooplankton.
Considering the prédicted rapid downstream recruitment of
zoopiankton from behthic habitats and proteCted Shoréliné
éreas, the rapid féproductive rates of the protdzoans and
‘rotifers that likely dominate the commiinity and the limited
trophic significance of zooplankton in the river, opefétion

of the MNGP intake‘is not considered to have a serious impact

on this portion of the aquatic ecosystem.



Benthic macroinvertebrates may be entrained when they drift
or are dislodged by high flows. Drift studies near MNGP .
indiéétezthat'humerically‘theAentrainable-fauna“is composed
of 37% mayflies;:ZB% stoneflies, 30% true flies and'S%.other-
groups. Based on drift densities in 1973-1974 and the flows
during the study year, over one billion organisms could have
been entrained at MNGP from April 1976-April 1977.. Consider-

ing that drift constitutes a smélifproportioﬁ of the benthic
' community and that only 19% of the drift in the area may-
have been entrained (assuming random distribution of drift. .
in the wéter),.MNGP intake operation is not considered-a’

serious impact to the benthic communities of- the MNGP area. -

The effects of entrainment ahd impingement on f£ish communities
a£é~a‘majbr consideration in assessing the impact of’plant‘
operation. The loss of adult fish due tp.entrainment of .
eggs and young at MNGP was estimated by using a simple popu-’
lation model described. Losses from impingement were;
estimated by using a similar model, since most of the fish
impinéed were young.- The.total”impéct'was evaluated by -
considering the combined effects of impingement‘and»entrain*'
ment. Total calculated adult losses were compared with

sport fishery statistics and population estimates, when

available. -



Sport fish (northern pike, rock bass, smallmouth bass, black
crappie and walleye) represented less than 0.1% of the

total estimated loss of adult fish (256,003-261,462 £ish).
Between 36 and 60 smallmouth bass, or about 21% of the

annual sport harvest for the area near MNGP, were estimated
to have been lost due to entrainment and impingement.
Estimated losses of 18 to 230 adult black crappie represented
about 50% of the sport harvest. These losses are not con-
sidered significant because of the very light fishing pressure
and resulting low harvests for the stretch of the Mississippi
River near MNGP. Losses of no?thern pike and walleye were |

less than 5% of the average annual harvest.

-Fofage fish, mainly logperéh, accounted for nearly 94% of
the estimated loss of all adult fishes. The estimated loss
of 218,000 adult logperch represented about 45% 6f,the
estimated spawning population in a 1.8 ha (4.4 ac) area up-
stream of the MNGP intake. Losses of this magnitude are .
considered insignificant, based on the minimal impact that
comparable percent removal of forage species (mainly minnows)

have had in other rivers.

Rough £ish, primarily silver and shorthead redhorse, composed

about 6% of the estimated adult loss. Losses of shorthead‘



redhorse were estimated at 35 to 40% of the 1968 and 1969
adult populatlon and 19 to 25% of the estlmated 1976 adult |
populatlon. Entralnment and 1mp1ngement of redhorse in the
1976~ 1977 study perlod were con51dered extremely hlgh when |
compared to prevzous operatlonal years. The hlgh redhorse -
losses in 1976- 1977 were attrlbuted to a very successful K
1976 year class.A MNGP had not had a serious effect on |
redhorse populations in previous years and it—is postulated
that the effect of 1976-1977 losses would not be detectable

for several years, if at all. . ‘ 8

The operation of the MNGP.intake does not appear to have
damaged the fish community of the Mississippi River. near

MNGP since it began operation in 1971. With the possible
exception of the redhorses (see above), losses during the .
1976~ 1977 study are not expected to have a measurable 1mpact
on the flsh populatlons 1n the v1c1n1ty of MNGP. Contlnued
operatlon of the MNGP 1ntake should not affect the propagatlon
of . the balanced 1ndlgenous aquatlc communltles of the

Mlss1551pp1 River.



3. DESCRIPTION OF THE PLANT

The Monticello Nuclear Generating Plant (MNGP}, a single

unit, boiling water reactor plant, is a baéeloaﬁ facility

that contributes a net electrical genéfatiﬁg capacity of 545
megawatts to the ﬁbfthern Statés Power Compény's (NSP) ﬁeéﬁérk.
.Condenser codling water is obtained from tﬁé Miésissipﬁi'

River. Commgrcial operation began in July 1971.

3.1 LOCATION OF PLANT

MNGP is located on the Mississippi River in Wright County-
about 5 km (3 mi) northwest of the town of Monticello
(Figure 3.1-1). .The plant is situated on'about 536 ha -

(1,325 ac), most of which has been leased by NSP to farmers.

3.2 INTAKE DESIGN

Water withdraﬁnlfrém the Missiésippi River pasées under axl
floating ca;ﬁalk/log boom into the intake approach. The;ldg
boom prevenfs fldaﬁing debris from entefing the épproach |
(Figure 3.2-1). .Iﬁfake water passes throuéh an approach'
approximately 30 m wide and 18 m long (98 x-59 £t) tha£ is
oriented at a 9° angle in an upstream direcfion from the bar
racks. The water passes through a concrete channel (approxi-

mately 19 m or 62 ft wide and 5 m or 16 £t long before
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reaching the bar racks. The approagh“is dredged to maintain
a‘bottoﬁ elevation of 273 m (896 ft) MSL. River elevation-
varied between 277 m (910 ft) and 275 m (903 ft) during- the
April 19767April 1977 study year; c;lculated depth‘injthe
intake approach varied from 4.4 to 2.3 m (14 to i.4;ft).~
Actual depths were somewhat less due ﬁo sedimentétion~ofg

sand and silt washed in from the river.

- A concrete sill (elevation 274 m orA8997ft) extends across
the intake approach in front of the bar racks. A removable
stop-log in the sill allows intake flows when the river is
low. A surface to bottom bar rack with 7.6 cm openings
prevents the eﬁtrance of‘lgrge aebris. ,Fou;lverticglj
tfaveling screens (0.95 cm or 0.37S-inch mesh; 64% open.
area) aré positioned 3m (10 ft) behind the bar rack to : - ..
remove fine debris. The traveling screens afe normally
rotated and rinsed each 8-hour shift and run continuously. -
when éebris loading is-high: Automatic rotation and rinsing
can be gfiggered,gutpmaﬁi;allywbyjheavy-debrisvloads. ‘The -
debris is rinsed into a common sluiceway which extends to.
the river ddwnétregm of the,;ptakg and returns impinged.
organisms to the river. The flow in the sluiceway can be
diverted into either ofntwo collecting baskets (0.95 cm or

0.375 inch mesh) located next to the intake channel.
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Cooling water for the condensers at MNGP is moved by two
circulating water pﬁﬁés housed in the. intake structure.
These pumps produce a flow of 17.7 m>/sec (624 cfs or"
280,000 gpm) during combined (two pump)ioperation and il.O
m3/sec (388 éfs or 174,000 gpm) durihg individual (one pump)

operation.

Additional water is taken from the service pump bay (located
in the intake structure) by the screen wash, make-up, residual

heat remoﬁal, station cooling and fire protection pumps.

Make-up water is supplied by two 0.9 m3/sec (31 cfs or
14,000 gpm) pumps only during-closed cycleibpeiation; These
pumps replace water lost to the circulating water system by

cooling tower evaporatién, drift and blowdown.

The station cooling and fire protection systems‘together'xw
move a maximum of about 0.5 m3/sec k19.l cfs) of water.

A 36-inch de-icing line runs from the condenser discharge
line to the intake structure. When water temperaturés
approach freezing, the‘warm eéflueht can be delivered to
the intake structure to keep the area ice-free. Steam can
also be delivered to the intake structure fér this purpose.
The de-icing water is introduced at a point approximately

3.4 m (11 £t) ahead of the bar rack.

13



3.3 OPERATING MODES

The circulating water system of MNGP has been designed to
allow operation in any one or a combination of four modes:
o once-through (water circulated from and discharged
: ~J

directly to the Mississippi‘River),

o helper cycle (cooli@g towers operating and
cooled water‘dischafgéd from the towers to the

river),

o partial recirculatiqh'(COoling towers operating;
a portion of theucqoled:ﬁater recirculated back
to the intake and a portion discharged. to the

river), and .

o closed cycle (cooling towers operating; -all

cooled water recirculatedyback-to the intake).

During open cycle operation, cooling water is circulated
from the river intake structure tﬁrgugh the condenser to the
discharge structure. The water théh”enters a dischafge
canal 305 m (1,000 ft) long agd_féturns.to the river about

457 m (1,500 £t) downstream from theintake (Figure 3.3-1).

14
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For the three remaihing modes of operation,. MNGP is equipped
with two -induced-draft cooling towers which are deelgned to
remove heat rejected to the c1rcu1at1ng water system over‘u
the range of expected operating loads. The system provides
sufficient operational fiéxibility'tc return either aii,
part, or none of the cooled water to the ciréﬁlatingswetef:\
pump -intake - (representzng closed cycle, partial recycle and
helper cycle, respeetlvely).' Conversely, none,“part, or all
of the cooled water may be returned directly to the river o

via the discharge canal.

During closed cycle operation with full cobling tower
capacity, the circulating water flow iswieeiefed froﬁxthe
river by closing the control gates at the‘inlet“endldiécﬁerée
structures.. ‘During such 6pera£ions the control getee.ihvihe
recirculation lines in the cooling tower basins are open.
Recirculating water is introduced to the cooling system
inside the traveling screens, except for a small flow aiver£ed
to the de-icing line in winter. Operation in the closed
cycle and partial fecycle modes*is'intended'for‘periods oflfA
~low river flow when plant appiopriation of water is limited .
by the terms of the Minnesota Department of Natural Resources
(MDNR) permit. This permit’dictates that when river flow at
the plant is less than 24’m3/seé‘(860 cfs) but greater than |

7Am3/sec (240 cfs), the maximum allowable appropriation from

16.



the_river shall not exceed 75% of the river flow at the
intake. During river flows above 24 m3/sec, the plant may-

withdraw no more than 18 m3/sec (645 cfs).

The recirculétionngates may be partially opened to allow
variable recirculation. Therefore, with the cooling towers
pperating, the opg;ating'mode,may vary from helper cycle to
full closed cyqle, depending upon- the amount of flow being
recirculated to the intake. For example, when the river
flow at the intake is very near but less than 24 m3/sec,‘
the amount of flow recirculated is minimal since nearly all
of the 18 m3/sec flow ( tﬁe plant's averége water requirement)
is available frqmighe_river. As the allowable appropriation
decfeases, the amount of flow recirculated must increase. -
Therefore,‘at extremely low river flows the operating mode

approaches a fully closed cycle operation.

The recirculating water system is operated on helper cycle
by closing the recirculation gates and returning water from
the cooling tower basins directly to the river via the

basin overflow weirs and the cooling tower discharge structure.

Open cycle operation (cooling towers not in service) is used

during all cold weather months, except as required to comply

17



with the MDNR permit relative to maximum water appropriatién.
When appropriation must be restricted, the plant will recycle

some water which, in turn, requires cooling tower operatidn.

Helper cycle operation is used duriﬁg the warm months of the
year, consistent with NSP agreement with The Minnesota
Pollution Control Agency (MPCA) of May 8, 1972. Accordin§
#o this agreement, cooling towers are operated ig»fhé"helper
cycle mode'whénéVerfriver'téﬁperatures consistently exceed |
20°C (68°F). This peﬁiod is generally from late May through

early September.

3.4  INTAKE VELOCITIES

The ébilities of fish to avoid impingement are re}atéd in
éért to the intake velocities. Velocity profiles were '
méésured.inhi972'(Grofbeck and Bechthold 1975) and on_:

July 31 and September 10, 1976 in the present study. Curfent
velocity was measured at the locations shown in Flgure 3.4-1.

Velocity isopleths are dlsplayed in Figures 3.4- 2 /and 3.4-3.

Velocities vary with pumping rate and river level. Surface
currents in the intake canal appear to move in a clockwise
direction, originating at the downstream end of the log

boom. Velocities are highest on the downstream side of the

18:
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