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1.0 INTRODUCTION 

This modeling protocol describes the dispersion modeling proposed 
by Public Service Company of New Hampshire (PSNH) for its Merrimack 
Generating Station in Bow, NH. Merrimack Station is a two unit, 
coal-fired electric generating station, with both units powered by 
B & W cyclone furnaces. The Unit #1 capacity is 113 MW and the 
Unit #2 capacity is 320 MW. 

The dispersion modeling proposed for the station is part of PSNH's 
continuing response to a request from the United States 
Environmental Protection Agency- Region I under Section 114 of the 
Clean Air Act, initiated in April, 1991. PSNH has been asked to 
demonstrate through dispersion modeling that the National Ambient 
Air Quality Standard (NAAQS) for su:fur dioxide is not violated as 
a result of the emissions from Merrimack Station. Several 
screening modeling analyses have been performed to date, and their 
results indicate that more detailed modeling must be undertaken. 
Further details of the earlier modeling efforts and their results 
are presented in Section 3.0 

2.0 SOURCE ENVIRONMENT DESCRIPTION 

2.1 Introduction 

Merrimack Station is located on River Road, in the town of 
Bow, Merrimack county, NH on the west bank of the Merrimack 
River. The site is approximately 9 km southeast of Concord, 
NH and 16 km north of Manchester, NH. Latitude is 
approximately 43° 08' 29'' North, and longitude approximately 
71° 28' 09" West. The Concord Municipal Airport, the site of 
the 1 o cal N a t i on a 1 We a the r S e r v i c e ( NW S ) o f f i c e , i s 
approximately 7 km to the north-northwest. 

2.2 Topography and Land Use 

Merrimack Station is located within the Merrimack River 
valley, which in that section is characterized by a nearly 
flat, open plain on the west side of the river. This plain is 
some 500-800 meters in width, and the station is located near 
the widest point of this, on the west bank of the river at an 
elevation of 207 feet above mean sea level (msl). Hills rise 
moderately to the west beyond the edge of this plain, and to 
the east, beginning just beyond the river's east bank. 

This is a complex terrain site, with terrain rising above the 
top of the Unit #1 stack (432 ft msl) across the river at a 
distance of about 1.1 km to the east and at 2:~ km to the 
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southwest and 2.6 km to the west-northwest. Terrain continues 
to rise away from the river, reaching the height of the Unit 
#2 stack (524 ft msl) at approximately 2.7 km to the north­
northeast, 2. 9 km to the southwest, 3. 6 km to the west­
northwest and 4.3 km to the southeast. Within 5 km, terrain 
rises to over 650 feet msl in two quadrants and within 10 km 
terrain reaches 900-1000 feet on either side of the valley. 
Some 13 km to the east-northeast, Fort Mtn. rises to 1413 
feet. The station location and neighboring topography are 
depicted in Figures 1 through 4, excerpted from the USGS 
Suncook ( NH) , Concord ( NH) , Goffstown ( NH) and Manchester 
North (NH) quadrangles (7.5' series) topographic maps, which 
include the station and northeast quadrant, the northwest 
quadrant, the southwest quadrant and the southeast quadrant of 
the surrounding area, respectively. 

For this site, rural dispersion coefficients are applicable. 
W i thin a 1 0 -1 5 k m r c: diu s , indus t r i a:;_ and co mm e r cia 1 
development is sparse and located primarily in the immediate 
Concord area at a distance of more than 6-7 km from the site. 
Population is also sparse, with the only significant community 
within 5 km being Suncook, population 5,214 ( 1990 census), 
whose center is approximately 2 km to the southeast. Most 
land within the river valley is either open or lightly 
forested. On the hills away from the river valley a forest 
cover of mixed deciduous species predominates. 

Close to the station, within 1-2 km on the west side of the 
river, the flat plain is vegetated primarily with grasser., 
with some low scrub (generally less than 8 min height) beyond 
about 500 m. Beyond the plain, extending westward nearly to 
NH route 3A at a distance of about 1.7 km, extensive sand and 
gravel pits extend in both·north and south directions along 
the valley. Across the river to the east within 1-2 km the 
land is open or lightly wooded. Residences are mostly along 
or near US route 3. Pembroke Academy is also located here 
about 1.1 km east-northeast of the site. 

2.3 Climatology 

The site and its environs lie within the southern interior NH 
climatological region. Most of the climatology of the site 
should be well represented by data from the NWS office at the 
Concord Municipal Airport located 7 km to the north-northwest. 
The area is about 35 miles inland to the west-northwest of the 
NH seacoast, and its climate is subject to relatively little 
marine influence. Summers are hot and winters are cold with 
annual extremes of temperature typically ranging from about 95 
to -20 °F. The 36.53 inches of normal annual precipitation is 
distributed quite evenly among the twe 1 ve months. Annual 
snowfall averages about 66 inches and freezing precipitation 
is more frequent here than in many areas of New England. An 
episode of heavy icing occurs every few years. ~hunderstorms 

! 

2 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

OEOLOOICAL SURVEY 

CaltTol"" USGS. USC&<iS, 1114- ~omj>V>•r• G.coOttoo; Sv<"rt"f 

l-11p/'lrC7 ~__.,..,,...\,l("'"ti'>o<l' ffomMhtl 

~·-•-1%7 F .. ldcN<Ud\%7 

~OC,...,....I- j927H.,..Ih........,.,Uft4o{Y"' 

IO,OOO*'t'od NH'4 0<' 1+i-oo Ht""~'""' eoo<d""'U 'P'"" 
to:oo--..~<t<u .. _. .. ,,, • ........,..".""'"'l'od'"~'-
-i'il . .,t.o.n"'Co'...r 

~-""' NV>e<l ,_. o114.,_.u .. lot< WI<! h'IC<II""' 1"1<1 t ...... o..-hl't 

,.._.,~~y..,,.t>loc.n-•,.1 """i<>ll'"""'' ll\>1 u•l<;.nnal- '' "<'<"K- '"" o•-o •-o IM' """'-"~ "~"'" 
""''"''·"" •' <Co,l!o <>< •~II' 

Figure 1 

- . - - - - - -~ ~-:--=~~--:::::£"-.'' -'7F--~ 
I > C lo .. ()oo(I[O 

~~~=::::F..f:::""J'~.-=: ~~~ 

CONTOuR l~l(RVAl 10 fE(l 
()AIU .. I~ "'lAh ~(A lf'[l 

""S MAP (0><,\>H '"''" hAio(»oa, ... p AC(OJ~A(• ~IAhOA~OS 
fOit SALE 8Y 1J Iii GEOLOGICAL SURV(Y. WASHINGTON. 0 C 102~2 

A fO<.OLII Ot:tc~t<IIIMCo TOf'QC.It.........C ......,... 4>10 IT'"IOl-' It .. YAIU'ot-\.( 0" II(QUUI 

Pnm.~ry~.·~-\ .... 1, l.icl'rt-cll.ltJ'*-•''-.ttl'>tf. l\.lrdWrl.i« ____ ti!IPfV""('II<uttot ___ _ 

~,.,l'l.,_.,_,,,.....,ll'>tf_IJ .. ,~ro;.a.O-"" .. dty 

Nrdwlf.K.t ---•tl'ot< ........ . 
0 tnt.orm!l Roott 0 U S ilMt 0 $t.M1 RM1 

SUNCOOK, N. H. 
,. .. ,.~or(&JU>O......OU 

N.U07 ~-WH22 !>17 !> 



UNITED STATES 
DEPARTMENT OF THE INTERIOR 

~ GEOLOGICAL SURVEY 

j Mapped. ed1led, and pubhslled b~ the Geologoc.al Survey 

eo~tror bt USGS US.CoHOS. •<'1<1 N~., thmpshn~ G-•11< Su•~•r 

lO()';>Jflpt-.,bypt:cl<>i<lm.....,lr.cmrlhO<.Islr<>m&e<oolpl>oiOiiOohs 
l..lkon 1%7 f~ldcl>ec~od 1967 

Pol,:onoo I>'O,KI•Cn 19?711o•I"Ame11 condUum 
10.000 lool C•KI bo>e<:l en No- liom?'~"" Coo<donOie srHem 
1000 mel., Un .. ••ul T•ons ... , .. 1-iertolc• ~rrd '''~'­
'"""'19.$ho .. nont-1"" 

fo""' <t<l d•~ hnU or\docUe sole<!~ fon<• •nd loeld '"''" .,n~•• 
t<M<IIIr "''~'• on ...,fl•l phol"i"P~' lh•• ontoom•l•on <> ur><nK•ed 

fl<"d hM Ofld.><oh!tl'"'u .n ... l>octo <>nlri<H><Imlf~ b~old•"illrt' """"'" 

Figure 2 

1 r ;_J 1 1 - _j_ .·,:,_· • -::....rc ___ • 1 . ..:::...:::.1~ ,;.,.' 

' ' " L_( l-1_1_1 1.-1 <=-=.J~,:-.::.o·. -·------'--, 

CONTOU/l INTERVAL 10 fE(I 
0~1\H< I~ ~(A" Sf~ LIVfl 

h<oS "AP CU><~UIS W<l>< ><~liONAL ><AI' AC'<.UHACY :S.!A><OA~(J~ 

FOR f>..t,l[ BY U.S GEOLOGICA.l SURVEY, WASHINGTON. D C 20242 
-- fO~DUI Q(!I-Ci'!l8!1><;; IOI'QG.IU..PtHC O.OAPS A(<Q SYO.OIJOlS IS AYAJLAUlf Ot; f!(QUCST 

11 

'\ 

~;·~~~~ 
- 4 -

CONCORD QUADRANGLE 
NEW HAMPSHIRE-MERRIMACK CO. 
7.5 MINUTE SERIES (TOPOORAP~HC) 

I<I.J< CCIO'C()OoO 1$ OU...:.<t~lo<:IU 

PnmMy h•g/l•IY. •II •uther. Ufht...:lul)' ro.td. •ll...,~!t>e<. 
hordsurlau __ ""P'~wrloco --

S..Ccndaryhoghw.~y,lllorut~o.Ur"mp~~o~.laorOid')' 
h.udsurl.J« __ ~"~' 

(-'lnten.r....ttlioute QusR"'-'1• QswoRouto 

CONCORD, N. H. 
1<£/&COt>CJ>IIO" OIJAO"U.CU: 

H43075-W7l30tl!o 



.. 
'Mapped, edi'l:e<l, Md published by the Geological Survey 

Control~ USGS, ~OSINOAA, t<ld New H~~ Ceo0ehc Su>"'q' 

lOIX'Vfp/>yi>J'pho!~mrnetTtcmeil>odilrornoe.-lll~•phs 
~1965 Foe\dct>o.::~'!dl%9 

f'olyconic~IQ<'I IO.QOO-footlt"idloclclt....donN..,.Ha"""""'~ 
COO!'O•n.lt~.,.,~ 

1000--Un~llflln~"'=•IC>rlndtoc'-l., 
-.o\9.~,.,~~~ 
1927 Nc<t~ """"OQn O.t~rn 
loplt<;:eontt>eprtddO<lNMI"Ihr>e!IC!InO..t""'l983 
-li'>eP<'O!Kt'0'111,.,...~0"!'o<-\~""'-'-h,~d 

.40~ttS......tn"""""t~td..l•"ed~<l~<:k' 

fone""'~ h""''nd'Ute ~~~ leoce1oxl held~~~• 
~~~~1~on_..l~ft>l>• ll'l~mb"nuiH><>"~~<><:I'>e6o<J 

UT" ~OrO "0 ,..,, "'-"~ITO(" '<''"~ 

()[(LO~•To<l'< " CI~T(O 0' '""' 

Figure 3 

lF"JOoi,.ROVILl£1 

SCALE 124CXXl 

~~=c~~ -~= ' ~ 
'"[;.--:::Er_~_==:d:i;~~'i=-""""' W)'~~-£·~--:=-=~ ,,,. 

~==-·~~~ ... - -.. i.'""''''' 
CO~llOUR INT[INAL 10 F([T 

W..li[J'jAJ. GWDI:T1C ~(~IIC.O.t [)>.TUM Of l9l9 

li!IS U.O.P C0.0Pli(S WITH liA.ltON,O.l w,o.P ~U~.lCY Sl~"DA.~OS 

FOR SALE 8V U. $_ GEOLOGICAL SUfWEV 
DENVER, COl.OAAOO 0022~. OR RESTON, VU'IGINIA. 22092 

A fOltl£1' O{$CATBI"'G TOf'Oc;I',O.I'tf>C U,O.f'S .. 1m SY!.fM)LS IS A ... A!L.Alll~ ON R~QllfST 

/ 

GOFFSTOWN QUADRANGLE 
NEW H.A.MPSHIRE 

7.5 MIN~~!:~.E~~RA.PHIC) 

ROAD ClASSIFICATION 

P"rmry h•gh,..,y all .,~a!her l•~hl-duty ";.ld, all ~•thu. 
ho•d•urlace -- •mp•ooW ~urlact --

~co~daryh•gh .. lt all .. u\ller. Unomp•~ •<»4. II If <><dry 

h.rdsurlace ---...ell!">er 

()Sill• Routt 

OOFFSTOWN, N. H 
"""' COM'COT'<O ·~·oo•Dtr•""l' 

4307!.,1.$-Tf-{)24 
R'"'""""' '"""" "' ~urolo ao<l,.OO<'I>nrt conrp•lffi 
''""'"'"MpMI<>r:••Ph' lei on 198~ and (>!no• !>O!J'CO~ 

'"'' on!ormaloon HOI hel<l c~-'kffi "'"'' ~d·lrd )QB~ 



Mapped, edited, and published by the Geological Survey 
CorVoibyUSCS.HOSn!OM,....:I!+twH~..,c...:.delic~ 

T~phyt.,~~'icll'ltltood1ht>m...,.ial 
~pht~I965.Fitl<ld'>locWI968 

~;,;~..,..,. IO.OCIO-fwl.p>dtict<s.-:rO<'If+toofl<impYIM'1! 
WQ<'d~l)'loltm 
10Cl0-rMI.•Un!W<'1.all~~<:tcr>dlocb, 
~19.~1nblll0! 
l927Horti>A"""""<:'nl)rt~~m 

lo~O<'Itn.l)nddO<!Hortrl""-iu<\CRturnl98.3 
-tl'>f~IO"lh~5~t<110<Jth..-.::l 
40rr.Ktts-si.tl ......... by~camt<IO::ks 

r;,.,reo:~dots/'lodhnnin<loe.t~tw.cttd"rneel<ldh .... :r~.t.ere 
..,.......n,m.ot~ttoo_..lp'lotopphi Th.s....ta.N!Gnh......,h«iio<:: 

"\c"l 

~~~~"~­
\i 

\fill C:.OIO A"t> l'i<" '""-"CI>C """'~ 
IXC(I .... ll<;<'< Al C(~l(O (l' $N((l 

----------·~---· ---·_,_~_•_•_~_""._oo_'_"""""' __ -_·_·_~_•_•--------:,;:..;;----f) -

Figure 4 
MANCHESTER NORTH QUADRANGLE 

NEW H,o\MPSHIRE 
7.!i MINUTE SERIES (TOP<XIRAl>HlC) 

,.,,.~O!OU.O.DII.l~ 

•=~.=,T~-==~~;·~~·~~~~ .. c;,~::~;;,::~~~~=~"s"~ Prima<y higt"'""Y· •11-tlhtr, Lqhl-duty I'OA<l, Ill Wtll>t<. 

htrd•urbce -- ""~wrlaC" 
Stcondo<yh>glh•IY tit .-tall>«. Un•mo.,....-!n;:.od, lauO<d<)' 

htrdsurloce -- ~d~r ····-•••· 
CONTOUR INTERVAL 10 F[[l 

~.llt~Al G£0()[11C V(~tiO.l [I.O.TlJU Of 192<) 

UliS loi~P COUI'li[S ...-1111 MHOI<A.l loiAP 1-(XUR.O.Cf STA~O.O.RO$ 

fOfl SAL£ BY U. 5 GEOLOGICAL SURVEY, Of.NVER, COLORADO 8022'5 
OR RFSTON VlRf';IN'A n·m? 

CJ lnlt<5ltle Route 0 U S RCH.I'i~ Q Slt-1t Route 

Ro:v,,..,.,,~,npvrplet">d'*<JOd~rodcomoo!-ed 

from»<.slpholograpmt.~en 198-<'a<><loi,.,...I-OUI'CM_ 

MANCHESTER NORTH, N.H. 
"'"' 1vooeooo< ·~· ou•DO~IoOU! 

1.3011-M.-TF-02A 

<<') ( 



occur on an average of 20 days per year, and heavy fog with 
visibility less than 1/4 mile develops on 50 days per year. 

Southern interior NH is influenced by the prevailing 
westerlies, with regular frontal passages and air mass 
changes. These events are often more frequent and bring 
sharper changes in the weather during the autumn, winter and 
spring months, but do occur throughout the year. 
Consequently, wind direction may be expected to shift 
periodically during all seasons, although the prevailing wind 
direction is from the northwest during all months of the year. 
The location of the airport within the Merrimack valley is 
responsible for a fairly large percentage of calm wind hours 
in the airport data, cautiously estimated at perhaps 15% of 
the total hours, and these are heavily concentrated during the 
period from late evening until just after sunrise. The mean 
wind speed at the airport, at approximately the 12 meter 
level, averages 6.7 mph (3.0 m/s) for the year, with monthly 
mean wind speeds varying from a maximum of 8.2 mph (3.7 mjs) 
for March to a minimum of 5.4 mph (2.4 mjs) for August. 

Despite the proximity of the site to the airport, loca.l 
topography and exposure may be expected to produce differences 
in wind direction and wind speed under certain conditions. As 
indicated previously, Merrimack Station is located on the west 
bank of the Merrimack River at a surface elevation of 207 feet 
msl, with hills rising gradually from the east bank of the 
river and from the edge of the plain less than 1 km to the 
west. Merrimack Station is located near a bend in the river 
valley. The valley is oriented northwest-southeast for about 
5 km to the northwest of the site, and oriented north-south 
for about 8 krn to the south. In contrast, the airport is 
located about 1.5 km east of the river, between the Merrimack 
River and its tributary, the Soucook River, at 342 feet msl. 
In this area the valley broadens and the low hills defining 
the sides of the valley are some 5-6 km apart. For these 
reasons, valley channelling of the wind should produce 
differences in wind direction and speed between the airpGrt 
and the site under certain meteorological regimes. 

Furthermore, given the relatively high incidence of calm winds 
in the airport data at the 12 m anemometer height, on-site 
data observed near stack-top should significantly reduce the 
incidence of calm and low wind speeds and show a reduction in 
valley channelling effects. These on-site stack-top 
observations should better represent initial plume transport. 

; 
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3. 0 HISTORY OF AIR QUALITY MONITORING AND DISPERSION MODELING 
STUDIES OF MERRIMACK STATION PERFORMED TO DATE 

During the 1980's ambient monitoring of sulfur dioxide was 
performed for PSNH by the New Hampshire Air Resources Division 
(NHARD) over a period of years at three locations surrounding the 
station. No violations of the NAAQS are known to have been 
observed, and in January 1991 PSNH petitioned to discontinue the 
ambient monitoring program. Subsequent to the granting of this 
petition and the aforementioned EPA request in April 1991 to 
demonstrate that the NAAQS for sulfur dioxide is not violated, PSNH 
undertook a series of several preliminary dispersion modeling 
analyses which are described below. 

Initially, in an effort to assess the station's impact upon terrain 
above stack height, the Complex-1 model was used with the Valley 
option. This was done in screening mode, using pre-established 
meteorological parameter inputs. This screening modeling could not 
confirm modeled S02 concentrations (plus background concentration 
estimates) in compliance with the NAAQS for receptors above stack 
height. 

Also, in an effort to establish the impact in simple terrain, below 
stack height, the ISCST model was run using meteorological data 
from the nearest NWS site. These data were from the period 1986-
1990 and consisted of surface data from the Concord, NH NWS (which 
is only about 7 km from Merrimack Station) combined with upper air 
data from Portland, ME. ISCST contains algorithms for assessing 
aerodynamic building downwash, a condition which may exist when 
stack height is below Good Engineering Practice (GEP) height, 
which, in this case, is 2.5 times the height of the dominant 
structure. At Merrimack Station, the dominant structure is the 
Unit 2 boiler, at approximately 173.5 feet, while the stack heights 
are 225 feet for Unit 1 and 317 feet for Unit 2, both well below 
the GEP height of approximately 433 feet. Therefore, it was 
expected that ISCST would model elevated sulfur dioxide impact in 
the near field, below stack height, due to downwash conditions. 
Indeed, this did occur, and the modeling results contained 
predicted concentrations above permissible levels some 500-1200 
meters downwind of the station. These results were submitted to 
EPA Region I and NHARD in January 1992. 

At about the same time, in order to obtain an estimate of model 
prediction of S0 2 impact in complex terrain under a wider range of 
meteorological conditions, PSNH ran the Complex-1 model with these 
same five years of NWS meteorological data. It is understood that 
regulatory applications of Complex-1 require on-site data. 
However, it was believed that this might provide a reliable 
approximation of what results would be obtained using Complex-1 if 
an on-site data collection program were to be undertaken. Modeled 
concentrations from Complex-1 with NWS data were sufficiently hiqh 
to warrant pursuit of more advanced modeling options. 

/ 
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To further understand the station's impact upon the nearby complex 
terrain, PSNH obtained the CTDMPLUS model, which had been approved 
for use on a case-by-case base by other EPA Regions and which was 
awaiting approval for inclusion under the Guideline on Air Quality 
Modeling (GAQM). PSNH processed the digitized terrain inputs for 
21 hills within approximately a 13 km radius, and ran CTSCREEN, the 
screening version of CTDMPLUS. The results indicated that further 
modeling of the complex terrain with CTDMPLUS would be advisable. 

By early 1992, after the preliminary modeling analyses had been 
completed, it was evident that a compliance demonstration would 
likely have to be based upon both changes in station operation and 
station configuration (stack height). PSNH had decided to 
undertake an on-site meteorological data collection program, and 
was ascertaining what dispersion models such a program should he 
designed to support. Toward this end, in June 1992, 
representatives of PSNH, NHARD and EPA Region I met to discuss this 
matter, and in August 1992 a Draft Monitoring Protocol w~s 

submitted detailing meteorological data collection at five levels 
on a 100 meter tower, which was to be supplemented by a Doppler 
Acoustic Sounder (SODAR). This system would collect stack top data 
for input to ISCST (now the newly-released ISCST2) and data from 
the surface to plume height and above (up to 500 meters) to suppo~t 
CTDMPLUS. 

The meteorological tower was erected during the fall of 1992, and, 
after final approval of the Monitoring Protocol was secured in 
October 1993, the tower was instrumented and the SODAR installed in 
December 1993. Data collection commenced January 1, 1994. 

4.0 MODEL SELECTION 

Many of the factors to be considered in the model selection process 
have been described in the previous sections addressing topography 
and the preliminary dispersion modeling which was performed. 

4.1 Topographical Considerations 

Topographical considerations, with the presence of terrain 
above the level of the shorter stack at a distance of 1.1 km, 
establish the need for complex terrain modeling to be 
performed. 

4.2 Building Induced Downwash 

Similarly, the relative stack and building dimensions were 
analyzed to determine the possible effects of building wake­
effect induced downwash. There are two downwash algorithms 
approved by EPA for use in evaluating the -magnitude of 
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downwash when stack heights are sub-GEP: the Huber-Snyder and 
the Schulman-Scire. The Huber-Snyder algorithm applies in the 
more general case of: 

= Hb + 1.5 L, where 
= GEP stack height 

Height of dominant nearby structure 
Lesser of height or projected width 

structure 
of nearby 

The Schulman-Scire algorithm applies under the more limited 
condition where the following occurs: 

= Hb + 0.5 L, where 
= GEP stack height for Schulman-Scire downwash 

Height of dominant nearby structure 
Lesser of height or projected width of nearby 

structure 

These algorithms can evaluate the downwash according to the 
wind direction specific dimensions which are applicable for 
each of 36 wind directions. These building dimensions have 
been calculated according to the EPA guideline procedures. 

4.3 Proposed Models 

All models to be used in this analysis will be EPA-approved 
dispersion models. The procedures used in implementing and 
executing these models will follow those outlined in EPA's 
Guidelines on Air Quality Models (Revised) (1993). 

Based upon the findings in the previous subsections, two 
models are proposed to simulate the variety of dispersion 
scenarios found near Merrimack Station: 

o The Industrial Source Complex Short-Term Model 
(revised) - ISCST2 

o Complex Terrain Dispersion Model Plus Algorithms 
for Unstable Situations (CTDMPLUS) 

4.4 Model Objectives 

The ISCST2 model will be used to predict air quality impacts 
at receptors below the lowest stack height (base elevation 207 
ft + Unit #1 stack height 225 ft = 432 ft msl). The ISCST2 
model, which contains both the Huber-Snyder and the Schulman­
Scire downwash algorithms, will also be used to predict the 
near-field impacts due to building wake-effect induced 
downwash. 
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CTDMPLUS will be used to predict air quality impacts at all 
receptors above the lowest stack height of 432 ft msl (i.e. 
where complex terrain is defined by EPA). 

There are sound technical reasons why ISCST2 will not be used 
to model impacts above the lowest stack top, and CTDMPLUS will 
be used exclusively in this area. These reasons include: 

ISCST2, as with its predecessor ISCST, is designed 
to calculate concentrations at receptor elevations 
no greater than stack top. Although concentrations 
can be calculated for receptors above stack top, 
the ISC User's Guide (EPA, 1987) cautions that 
"concentrations at these receptors may not be 
valid." 

ISCST2 uses the same terrain adjustment technique 
for all stability regimes (i.e no terrain 
adjustment). This simplistic approach was first 
proposed by Turner (EPA, 1970), and since then a 
better understanding of wind flow over terrain has 
been developed. 

The ISCST model will allow a plume (assuming no 
plume rise) to intercept terrain at stack height 
elevation independent of atmospheric conditions. 
Such an assumption is supported neither by theory 
nor by observation. Field experiments indicate 
that as a plume approaches terrain, the plume will 
move over and/or around the obstacle. Hence, the 
air adjusts its path in the vicinity of elevated 
terrain. Only under severely limited conditions 
will a plume actually impact terrain. 

o CTDMPLUS is especially designed to calculate 
impacts in complex terrain (i.e. terrain above the 
stack top), permitting a plume to either move over 
and around terrain or to impact it directly, 
dependent on hill contour an9 meteorological 
conditions. 

4.5 ISCST2 Model Features and Option Selections 

ISCST2 will be used to assess the impact of Merrimack Station 
sulfur dioxide emissions at receptors with elevations below 
the lower (Unit #1) stack top at 432 ft msl. Three-hour, 24-
hour and average annual impacts will be calculated. ISCST2 
will be run in the rural (see section 2.2) "regulatory" mode, 
which employs the following model option settings: 

o Stack-tip downwash 
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o Final plume rise 

o Buoyancy induced dispersion (BID) 

o Vertical potential temperature gradients of 0.0, 
0.0, 0.0, 0.02 and 0.035 for stability classes A 
through F, respectively. 

o Automatic treatment of calm winds 

o Wind profile exponents of 0.07, 0.07, 0.10, 0.15, 
0. 35 and 0. 55 for stability classes A through F, 
respectively. 

o Infinite pollutant half-life. 

4.6 CTDMPLUS Model Features and Option Settings 

CTDMPLUS will be used to assess the impact of Merrimack 
Station sulfur dioxide emissions for all stability conditions 
at receptors above the elevation of the lower (Unit #1) stack 
at 432ft msl. The 3-hour, 24-hour and average annual impacts 
will be calculated. 

CTDMPLUS is the first refined model approved by EPA for 
general use in complex terrain. It differs from the other 
currently available complex terrain models in the following 
ways: 

o The three-dimensional nature of the terrain is used 
in the flow distortion calculations. 

o Vertical variations of wind speed, wind direction 
and turbulence intensities are determined through 
either interpolation of input measurements or 
surface layer scaling. 

o In stable/neutral conditions the structure of the 
two-layer flow (abovejbelow the dividing streamline 
height, He) is explicit in the model, and plume 
material that straddles the interface remains in 
the respective layers. (The plume is not treated as 
if it were all in one layer or the other.) Above He 
the plume is deflected and distorted and the rate 
of dispersion is altered. Below He the stagnation 
streamline divides the flow, and only material that 
diffuses onto the stagnation streamline is able to 
reach the surface of the hill. The stagnation 
streamline and the concentration pattern wrap 
around the terrain. Plumes that lie to one side of 
the stagnation streamline pass around the terrain. 
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o The rate of plume growth depends on the turbulence, 
and, in the case of sigma-z, it also depends on the 
degree of stratification. Sector averaging in the 
lateral direction is not used. 

o For plumes released into daytime convective layers, 
a probabi 1 i ty density function (PDF) approach is 
used to describe the vertical distribution of 
pollutants, and convective scaling concepts are 
utilized to parameterize the lateral diffusion 
coefficient. CTDMPLUS considers the effect of 
terrain on pollutant trajectories and on mixed­
layer height deflections. 

o Partial plume penetration into elevated stable 
layers is considered. 

CTDMPLUS will be executed using the following options: 

0 

0 

0 

0 

0 

0 

Model all hours in each year (IUNSTA=1). 
file is required. 

Scalar wind speed will be input. 

A RAWIN 

Sigma-theta will be used for 
crosswind turbulence measurements 

stable/neutral 
(ISIGV=O). l 

Final plume rise. 

Buoyancy enhanced dispersion (BED). 

Observed 
imported 
Portland, 
( IMIX=1) . 

mixing heights (processed from data 
f rom the n e a r e s t NW S up p e r a i r s t a t i on , 

ME) will be used as first priority 

o Minimum wind speed will be set at 1 m/s (IWSI=1). 

o Wind direction will be scaled with height (IWD=1). 

o Infinite pollutant half-life. 

4.7 Receptor Grid Selection 

4.7.1 Receptor Grid for ISCST2 

The receptor grid for the ISCST2 modeling will be a polar 
grid extending outward sufficiently to cover those 
receptors below lowest stack top ( 432 ft msl) in the 
impact area. This impact area will be establisheJ in 
accordance with the guidance set forth in the NHARD 
Policy and Procedure for Air Quality Impact Modeling 
(Revised, 1991). Within the polar grid the receptors 

J 
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will placed on 36 azimuths ten degrees apart, at radial 
distance increments of 100 meters out to 5 km, at radial 
distance increments of 250 meters beyond 5 km, and at 
increments of 500 meters beyond the 10 km distance, if 
required. No receptors on plant property will be used. 

Additional discrete receptors will be generated at closer 
intervals in the regions of maximum modeled impact to 
more closely identify the maximum predicted impact 
values. 

4.7.2 Receptor Generation for CTDMPLUS 

CTDMPLUS employs its own receptor grid generation 
technique which is based on a digitization of contours 
around each of a number of discrete "hills" within the 
impact area. During the previous CTSCREEN modeling of 
Merrimack Station, 21 "hills" were identified withi.n 
approximately a 13 km radius. These "hills" represent 
the most significant terrain features in the vicinity of 
the station, and encompassed virtually all of the terrain 
features within line-of-sight of the stack 1n the 
expected plume height elevation range. 

The digitization of the contours was done from the USGS 
7.5' quadrangles using a digitizing table, with contours 
selected at 50 foot intervals from the hilltop down to 
either the lowest stack top elevation (432 ft msl) or the 
lowest contour which could be reasonably closed about the 
hill. For several of the hills, not all terrain contours 
were closed; therefore the contours were either manually 
completed following (to the extent possible) the general 
terrain pattern, or the terrain fitting algorithm FITCON 
within the CTDMPLUS terrain preprocessor was allowed to 
complete the contour. 

Within the CTDMPLUS terrain preprocessor, FITCON 
evaluates and edits each contour and processes the data 
by numerical integration to determine for each an 
equivalent ellipse. Next, the ellipse parameters are 
input to a second terrain preprocessor program, HCRIT, 
which determines the best-fit inverse-polynomial 
(vertical) profile of the hill along the major and minor 
axes of the hill. CTDMPLUS uses the contour 
representations to provide hill shape information abo'le 
the critical dividing streamline height for each hour and 
each hill using interpolation between values specified at 
"critical" elevations. A. third program, PLOTCOH, 
generates screen displays of the digitized input contours 
and their fitted ellipses to aid in qualifying the 
terrain input data. 
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The CTDMPLUS receptor generator program, RECGEN, then 
displays the qualified contour and allows the user to 
locate receptors along the input contour (not the fitted 
ellipse) either at a user-supplied spacing along the 
con to u r , o r a s a us e r- s p e c i f i e d numb e r of r e c e p to r s 
placed at equal intervals around the contour. For most 
of the hills previously processed for CTSCREEN, 
approximately 30-50 receptors were generated for each 
hill. 

Additional discrete receptors will be added in areas of 
maximum modeled impact. This can either be done in the 
RECGEN program by adding receptors at closer spacing 
along the contours or by manually creating receptor 
coordinates for intermediate contours and adding these 
points to the receptor file. 

4.8 Fluid Modeling 

An additional study establishing the presence of building 
induced downwash could be required as part of the 
justification for increasing the heights of the Unit #1 and 
Unit #2 stacks at Merrimack Station, should that become a 
portion of the S0 2 attainment demonstration strategy. An 
ambient moni taring program comparing S0 2 concentrations within 
the building zone of influence with concentrations elsewhere 
in the vicinity might be required to establish the existence 
of downwash. Or, alternatively, a fluid modeling study could 
be used to demonstrate the presence of downwash which could be 
mitigated by increasing the height of the stacks. 

5.0 METEOROLOGICAL DATA 

As indicated in Section 3.0, the preliminary results obtained from 
several dispersion modeling analyses performed between late 19~1 
and mid 1992 highlighted a need to perform further refined mode~ing 
of Merrimack Station using on-site meteorological data. 

Accordingly, a 100 meter meteorological tower was erected on the 
flat plain approximately 950 meters south ( 178° true) from the 
station (see Figure 5) at the same base elevation of 207 feet msl. 
The tower data were to be supplemented by a SODAR lo~ated in as 
close proximity to the tower as practicable (about 160 meters to 
the south-southeast), which would collect meteorological data to 
plume height for use with CTDMPLUS. 

The on-site meteorological data collection program shall continue 
for the period required for the collection of twelve months of 
valid data. 
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5.1 Meteorological Requirements for ISCST2 

ISCST2 can accept meteorological data at only one level. The 
modeling previously done with ISCST and Complex-1 used wind 
data from the Concord, NH NWS observed at the 12.2 meter 
level. As indicated in the discussion of climatology in 
section 2.3, there is a substantial incidence of calm winds, 
especially during the nighttime and early morning hours. 

For this analysis, wind data will be collected at the 100 
meter level of the tower. This is nearly coincident with the 
release height ( 317 ft agl) of the Unit #2 stack, which 
accounts for approximately 75% of the total S0 2 emissions from 
the facility. Thus, the wind data input to the model should 
more accurately represent plume transport, and presumably 
contain a significantly lower percentage of calm or light wind 
conditions, resulting in improved modeled dispersion. 
Furthermore, due to the differences in local topography 
be tween the airport and the station, on-site wind data mdy 
also more accurately reflect wind, and therefore plume 
transport, direction. 

Ambient air temperature will also be observed at the 100 meter 
level. Stability class determination will be made using 
sigma-E (as estimated by sigma-w/ scalar mean wind speed) from 
the 10 meter level as referenced in EPA On-Site Meteorological 
Program Guidance for Regulatory Modeling Applications EPA-
450/4-87-013, revised February 1993, p 6-21, method 2. 
Alternatively, 10 meter sigma-theta data will be available to 
support method 3, and, with the acceptance of cloud cover and 
ceiling height data from the Concord NWS observations as 
representative of the site, method 4 will be supported also. 
Mixing height data will either be calculated from the other 
observed meteorological values collected for CTDMPLUS (see 
section 5.2) using the CTDMPLUS meteorological preprocessor 
METPRO (or equivalent) or be imported from NWS rawinsonde data 
from Portland, ME, the nearest NWS upper air observation site. 

Meteorological data will be processed using RAMMET or an 
equivalent meteorological preprocessing program to create the 
required binary meteorological input file for the ISCST2 
model. 

5.2 Meteorological Requirements for CTDMPLUS 

The meteorological requirements for CTDMPLUS are among the 
most complex of any of the dispersion models except for the 
family of photochemical models. There are three separate 
input files of meteorological data which are required to dri''e 
the model, each of which will be discussed in a later portion 
of this text. 

The following meteorological parameters are required to drive 
.I 
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the model: 

o Ambient temperature. 

o Unit vector wind direction. 

o Scalar mean wind speed. 

o Sigma-theta, the standard deviation of the horizontal 
wind direction. 

o Sigma-w, the standard deviation of the vertical wind 
speed. 

o Solar radiation. 

o Daytime mixed-layer or nocturnal surface layer height 

To accomplish this, PSNH's Protocol for On-Site Meteorological 
Monitoring Program at Merrimack Generating Station (Revised, 
August, 1993) has specified in detail the instrumentation to 
be used, their placement, the data collection procedures and 
the quality assurance and quality control procedures to be 
used. In summary, this sys tern will observe the f oll owing 
data: 

o Ambient temperature - to be observed at five levels of 
the 100 meter meteorological tower, at approximately 2m, 
10 m, 40 m, 70 m and 100 m above the surface. The 2 m 
and 40 m levels are were added in order to provide a more 
complete temperature profile, since CTDMPLUS is 
especially sensitive to the observed vertical temperature 
profile. No ambient temperature measurements will be 
made above the 100 m level, in the range where data will 
be collected using the SODAR. 

o Unit vector wind direction - to be observed at three 
levels on the meteorological tower, at approximately 10 
m, 70 m and 100 m. In addition, the SODAR will measure 
unit vector wind direction in layers 30 meters in 
thickness centered on 60 m, 90 m, 120m, ... at 30 meter 
intervals up through the 510 m level. 

o Scalar mean wind speed - will be observed at the same 
levels of the tower and SODAR as the wind direction, 
specified above. 

o Sigma-theta - will be computed for the 10 m, 70 m and 
100 m levels on the tower. Data collection will archive 
both 15 minute and 60 minute averaging period data, with 
the model input to be selected according to EPA 
recommendation at the time model inputs are being 
processed. Sigma-theta data are not being co~lected from 

; 
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the SODAR. 

o Sigma-w - will be computed from vertical wind speed data 
collected at the 10 m, 70 m and 100 m levels on the 
tower. Sigma-w data are not being collected from the 
SODAR. 

o Solar radiation - data are being collected at the 1 m 
level near the base of the tower. 

o Daytime mixed-layer or nocturnal surface layer height -
data will either be calculated from the other observed 
meteorological values using the meteorological 
preprocessor METPRO (or equivalent) or be imported from 
the NWS rawinsonde data from Portland, ME, the nearest 
upper air observation site. 

These observed data, with the exceptions of solar radiation 
and mixed layer height, will be processed into the 
meteorological input file PROFILE, which may be used to input 
meteorological variables at up to fifty levels. PROFILE also 
requires the vector wind speed, which may be calculated from 
the scalar mean wind speed according to the method of 
Yamartino (1984). For the overlapping range of tower and 
SODAR, the election may be made to input data from both 
measurement systems (since the levels do not coincide), or to 
se 1 e ct one sys tern or the other based on the assessment of 
SODAR performance detailed in the monitoring protocol. 
PROFILE does not require data at all of the same observation 
levels for each time period; therefore, at those times when 
SODAR does not capture data at all levels, missing data codes 
may be inserted at those levels where data is not available. 

A second meteorological input file required for CTDMPLUS is 
the file SURFACE. This file contains the derived surface 
boundary layer parameters such as the Monin-Obukhov length, 
the friction velocity, the surface roughness length and the 
mixed layer height. These inputs are calculated from the 
observed meteorological data file using CTDMPLUS's 
meteorological preprocessor METPRO, or equivalent software. 

METPRO allows adjustment of surface roughness by direction 
sector and season when executed in mode 3. Analysis of the 
land use types in the vicinity of the station indicates that 
input of uniform values for all direction sectors is 
appropriate. However, seasonal adjustment factors may be 
used. Based on land use, the surface roughness values for 
"deciduous forest" are deemed most representative, with the 
winter values used for the months of December through March, 
spring values for April and May, summer values for June 
through September, and autumn values for October and November. 
Seasonal adjustments may also be made for albedo and Bowen 
ratio. 
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Another meteorological input file, RAWIN, is required if 
CTDMPLUS is being run for unstable hours. This file consists 
of rawinsonde data created from a National Climatic Data 
Center TD6201 file using the READ62 preprocessor, or 
equivalent. This file will be created using the NWS 
rawinsonde data observed at Portland, ME. CTDMPLUS uses the 
hourly pressure and surface temperature data from this file to 
calculate daytime mixing height, and the RAWIN file data serve 
as the basis for determining stability above the mixed layer 
during daytime conditions. 

Two additional meteorological data files which may be used in 
conjunction with the METPRO meteorological preprocessor are 
SURF1, which will contain solar radiation data base on on-site 
measurement, and SURF2, which will contain cloud cover data 
from the Concord, NH NWS 

5.3 Missing Data Periods 

Missing data values will be created for the 100 m data to be 
input to ISCST and also for the 10 m data which is the basis 
for some of the CTDMPLUS SURFACE file calculations. In 
accordance with EPA On-Site Meteorological Program Guidance 
for Regulatory Modeling Applications (revised, February 1993) 
p. 6-34, the following methods will be used: 

o wind direction and ambient temperature direct 
substitution will be made from the closest available 
level. If on-site data is not available, linear 
interpolation will be used for gaps of fewer than three 
hours. Otherwise, Concord NWS observed wind direction 
will be substituted. 

o wind speed - will be scaled from the closest available 
level. If on-site data is not available, linear 
interpolation will be used for gaps of fewer than three 
hours. Otherwise, Concord NWS observed wind speed will 
be substituted directly for 10 m and scaled for the 100 
m level. 

o stability class - if the basis for alternate calculation 
from on-site data is available, such alternate 
calculation will be made. Otherwise, stability class 
will be determined from Concord NWS data based on cloud 
cover, wind speed, the time of day and date. 

o mixing height - handled in accordance with the READ62 
rawinsonde data preprocessor (or equivalent mixing height 
determination program) procedures. 

It is recognized that a data loss period which is too lengthy 
might render these methods inappropriate and require a restart 
of the data collection period. Such a decision would only he 
reached in consultation with NHARD and EPA Regi~n I. 

j 
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6.0 SOURCE DATA 

The dispersion modeling is proposed to address emissions from 
Merrimack Station only. Discussions with NHARD during the 
preliminary phase of modeling had concluded that there were no 
other rna j or sources nearby which would need to be mode led as 
interactive sources. However, this issue will again be assessed 
when the impact area for the station is established, and should 
other sources be identified at that time as interactive, they will 
be included in the modeling. 

No scaling of emissions will be used in the modeling. Each source 
will be modeled for its permitted emissions. However, since the 
compliance demonstration may require modifications, either of 
operation, such as restrictions on fuel sulfur content, or physical 
changes, such as an increase in stack height, it is not app1opriate 
to specify source input characteristics at this time. 

7.0 SCHEDULE 

PSNH is currently collecting on-site meteorological data. This 
data collection began on January 1, 1994, and it is anticipated 
that the collection of twelve months of valid data should be 
complete by March 31, 1995. 

It is anticipated that upper air data and the on-site 
meteorological data could be quality assured and preprocessed for 
model input by June 30, 1995. Initial modeling results should be 
available by August 31, 1995. However, the possible complexity 0f 
attainment demonstration strategies and the completion of a fluid 
modeling study could necessitate additional time. PSNH anticipates 
that the demonstration of attainment of the NAAQS for S0 2 for 
Merrimack Station should be complete by the end of 1995. 

/ 
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