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Figure 1. Water-quality sampling locations and bathymetry of the Lower Charles River, Massachusetts. E— — |
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INTRODUCTION Salinity values between water-quality sampling sites were
The Charles River is of great recreational and ecological ~ estimated using GRID commands (a module of ARC/INFO) June 19, 1998 June 24, 1998 July 1, 1998 July 15, 1998 August 19, 1998 October 7, 1998
value to the Boston metropolitan region and the within the AML. Volumes of the salt wedge and salt mass 235,000 236,000 235,000 236,000 235,000 236,000 235,000 236,000 234,000 235,000 236,000 234,000 235,000 236,000
Commonwealth of Massachusetts. It is also the focus of the were calculated with the AML for 1-m depth intervals. Total o o
U.S. Environmental Protection Agency (USEPA) Region |,  volume of the salt wedge and mass of salt in the Basin were 002,000 00200 \
Clean Charles 2005 Task Force. The main goal of the Task calculated as the sum of the volumes and salt mass calculated ' ’
Force is to make the Charles River “fishable and swimmable” for each 1 m of the water column. X Qg @A = ﬂ A % @A @
by the year 2005. Achieving *fishable and swimmable SPATIAL DISTRIBUTION AND TEMPORAL o2t N //3\ 502,00 N = 202,00 N /’3\ 02,00 /3\ 5
conditions W|_II require contlnL_J_ed progress in addressmg a  VARIABILITY OF THE SALT WEDGE ; : , ¢ :
range of environmental conditions now degrading water . . .
quality, including the infiltration of saltwater from Boston Because the density of the harbor water causes it to sink fo
Harbor into the freshwater Charles River. the bottom of the channel, its spatial dIS'trIl.f)utIO'n is dependent 901,004 901,00
To better understand the pattern of saltwater intrusion, the Nt only on the amount of harbor water infiltrating into and
U.S. Geological Survey (USGS), in cooperation with the U.S. d'SChﬁr?'ng fr?i\;‘ thBe B?‘S'Q’hbm also lipdon thﬁ charlmel ﬁ
Environmental Protection Agency (USEPA), Massachusetts MOrPN0I0gy olthe Basin. The present-day channel - [ &
Department of Environmental Management (MADEM), and MOrPhology of the Basin is similar to that of the original tidal 0 2,000 FEET 2000 FEET 0 S— . i — 0 ey
New England Interstate Water Pollution Control Commission channel and associated mudflats surveyed in detail prior to ; —— 2AOREET 5 T s — - k —— . ] | —— . 5 ' L0 METERS
(NEIWPCC), collected data on the spatial distributi construction of the old dam (Pritchett and others, 1901); ! 2 500 METERS l \ 500 METERS S00METERS ® 1,000 METERS :
! patial distribution, however, the bathymetry of the Basin surveyed in 1901 has 2 4 2 e £ 4
temporal variability, and chemistry of the saltwater that T S , . H o ngfeliow g w0 ngfeliow w o » o TSeum o oo v ngfeliow m !
entepred the Iower%:harles River fi/om June 1998 to July 1999 Peen slightly modified by sediment accumulation and man- L Brdge Museum of New Charles 5 e Longrelow_ useum of New Charieq 52 Brdge Museu o New Charies L 2 Brdge Museu of New Charle g S Grige ) Longfellow Mg ee New Charlex 52 Brioge. bl Bridge . Soanee e Chare
The purpose of this investigation is to extend and comple- ‘made holes dug during the last 97 years. The denser harbor]  Z ¢ z off . z off Cay— iy z o ah , . o GBS o o e Z 6 i dh A ~ z ol : : :
. - : water that infiltrates the Basin generally collects in these 4 AR e S T - s e e e R L e e e T £ 5 IR R, | ) S | ARERAA. R L o ERSR R | b BRI SEAROE SO
ment a regllonal—scale StUdy of Charles_ River water quallt.y holes (flg 1)_ %12,400 1,200 1,000 800 600 400 200 0 A 12,400 1,200 1,000 800 600 400 200 0 Elngo 1,200 1,000 800 600 400 200 0 a 1f,40 1,200 1,000 800 600 400 200 0 Elg,ooo 4500 4,000 3500 3,000 2500 2,000 1,500 1,000 500 0 ",541580 0 4500 4,000 3500 3,000 2500 2,000 1500 1,000 500 0
g\ondUCted Ii:: 1996 (T Fabirg,9lJ7)S Ercli\{tli[ionment'al Pro‘i:ecnon Othel’ Important m0rph0|Oglca| featureS Of the BaS|n that DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS
gency, written commun., , and the ongoing water JOTAlIt
monitoring activities of the Massachusetts Water Resources affect the distribution of the salt wedge are berms beneath t'i'e
Authority (MWRA) and the Charles River Watershed Longfellow and Harvard Bridges (fig. 1). These berms are .
Associai/i(gn (CRV\)A) Tho e eatlectod by thee mestiqa.  Only about 4.6 m below the water surface at some spots, and November 17, 1998 December 29, 1998 February 10, 1999 March 17, 1999 April 28, 1999
t_ t th Ci - Ch i 2005 T i¥F b g d they deter the movement Of the Salt Wedge upstream because 234,000 235,000 236,000 234,000 235,000 236,000 234,000 235,000 236,000 234,000 235,000 236,000 235,000 236,000
ion supports the Clean Charles ask Force rovid- ! D
ing detgﬁed information concerning a major factor IiBr/ni)ting the salt wedge must fill the downstream part of the Basinto a The average daily mean discharge from the Basin into (& C c WE W
“fishable and swimmable” conditions in the lower Charles  |evel greater than the height of the berm before it can spill  Boston Harbor over the next 49 days (August 19 through 902,00 902,000 902,00 N Z N 902,00
i i i i . over the berm and move upstream. October 7) was the lowest average discharge measured in
River. Finally, the study will be used to assist current plan o ‘. P o
ning efforts of the Metropolitan District Commission (MDC) Several other factors control the distribution and temporal 1998 (5.7 r¥/s) and, although there were fewer than 25 lock ‘j;

S \
902,00

to restore the historic parklands of the lower Charles River. variability of the salt wedge, including freshwater discharge cycles per day, by October 7 the salt wedge had advanced o
The “Basin” is the local term for the reach of the Charles  Of the Charles River; number of lock cycles; pumping; and  just downstream of Harvard Bridge, and reached its

River that begins at the Watertown Dam in Watertown, Mass.,0opening and closing of the lock gates, culverts, sluice gates, maximum volume (2.6 x Ban?) for 1998. In addition,

and extends about 8 mi through suburban and urban areas toand the fish ladder. These factors vary seasonally and with thewuch of the area occupied by the salt wedge below a depth] 4, o

Boston Harbor. Discharge to the harbor is controlled by the Weather. For example, during the summer months boat trafficof 6 m had become anoxic.

“new” Charles River Dam in Boston (fig. 1). The Basin was IS heavy. The increased boat traffic allows more harbor water The average daily mean discharge between October 7, i;

created by construction of the “old” Charles River Dam in  to infiltrate into the Basin through opening of the locks than 1998 and November 17, 1998, more than doubled from 3.3

Pj/ 901,00

< W o

901,000

\

1908 to solve Boston’s sanitary problems. Prior to the in the winter, when the locks are seldom used. Also, _ m¥s to 8.5 M¥s; however, even the force of this increased - 2000 REET - 2000 e 1000 FEET
bu|id|ng of the old Charles River Dam’ the lower Charles freshwater dlSChar.ge from upStrQam IS genere.llly lowest durlngow was not sufficient to flush the salt Wedge out of the —/ i | | : i / (i] | | T METERS" / i) : | : ARCOIREET / (i) r 1 py METERS" (i) : | : Ay FEET
River was a tidal estuary in which the water levels rose and  the sumrgedr_ anhd hlgh_esth in the wmtezi and spring. The A Basin because of the large amounts of harbor water that ., 0 1000 METERS | ' ‘ g __ LOOOMETERS . ' ‘ Y I 0 S00 METERS
fell twice daily with the tidal cycle. Low tide would expose ~ Increased discharge in the winter and spring increases the  entered the Basin (0.009 x¢1®3/day) during lock cycles. x @ @ o o

: . ; . g : Harvard M fNew Charles . Harvard 3 Harvard M fNew Charles
untreated sewage that was discharged directiy into the river. !’eSIStance OIf fre.Shwater to harbor-water movemen:t UpstreamCOnsequentiy, the net salt mass in the Basin dunng this g Bfi\(?gg A Ié%r&%fgllow gi%m;eo Riei/v(‘elr D;\re E 'é%’(i%f:"ow Mgiizﬂgedgﬁlvgr%]:”e E Breia\gjaer : E%Z%EHOW Mgzieel:]rgeofgﬁlvgr(?&:rle g i Bﬁ(r‘l\éj"g . Longfellow \ gzﬁeuri?eo Ri?/vt\elr Daare ""5_" i: Iécr)irc]j%fg"ow ’\SAéine'llc"en o gﬁ/ve\}’rCDh:riieS I
Exposed sewage created noxious odors and served as a into the Basin. Flna"y, lock gates, _CulV(?l’tS, anq sluice gates period increased from 12 Xﬁlm to 15 x 16 kg, which was i & p y. 2 ‘ = y i i g | f g ;
breeding ground for mosquitoes that caused sporadic a!so are open more frequgntly during times of increased the maximum salt mass measured in the Basin for 1998. It 5 10 PRORRRICPRORANPRPRROR0. o P SOCINA ST PICRE I E o ORI RNOR ST b SO0 RO, STt £ T D P T B e e e e ] 1 I I B, ittt BRI SAl B 10l W e i e T e T
epidemics of malaria and yeIIow fever (Jobin, 1998). dlscharge to prevent roodlng. is important to note that the spatial extent of the salt Wedge @ 5000 4500 4,000 3500 3000 2500 2000 1,500 1,00 0 25000 4500 4000 3500 3000 2500 2,000 1500 1,000 0 W 5000 4500 4000 3500 3000 2500 2,000 1500 1000 500 0 o 5 4500 4,000 3500 3000 2500 2000 1,500 1,000 0 o 1 1,200 1,000 800 600 400 200 0
Damming of the river interrupted the normal tidal cycle and In addition to seasonal effects, storms can occur at any timand the salt mass in the Basin in 1998 were probably DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS

flooded the estuary by creating a freshwater pool (the Basin) during the year, resulting in rapidly increasing freshwater  considerably less than average because of the flushing of
that had a constant water elevation of about 0.8 meters (m) discharge due to the large amount of impervious surface in thihe salt wedge by runoff from the June storm.

above mean sea level. Flooding of the estuary initially \(/jvatershed.tln orlclier to prevent roodin%hdulrinE stotrms, '[ht(;) " Between November 17, 1998, and March 17, 1999, lock May 6, 1999 June 4, 1999 June 18, 1999 June 23, 1999
improved sanitary conditions and the Basin became a source dam operator will use pumps or open the lock gates, or both, cycles averaged fewer than two per day, resulting in ver ini 235,000 236,000 235,000 236,000 234,000 235,000 236,000 234,000 235,000 236,000
of enjoyment for the local population and the focus of a large to move water from the Basin into Boston Harbor. Pumping aii%;le harbor V\Q/Jater infiltrating into Ii)he Ba);in. Durin% the Y Zﬁl\l,?rlgt%f; ?Evf,acl,iszggretﬁi,%zmdtﬁgogagﬁ Qﬁéugﬂtiﬁgfes c m
waterfront park in Boston and Cambridge (Jobin, 1998). depth and opening the lock gates at low tide, in combination same period, the daily mean discharge of the Charles River pogenic influences on that flow. Natural factors include river 902,00 ‘ 902,00 =
Although the infiltration of saltwater from the harbor into ~ with the increased discharge from upstream, can flush the salyenerally increased. As a result, the upstream advance of thegis%harge precipitation, and stormwater discharges to the | |
the Basin was anticipated when the old Charles River Dam wedge completely out of the Basin. Tables 1 and 2 listthe 5|t wedge ceased, and the salt mass in the wedge declined. gasin. Anthropogenic influences include the operation of the @A Q @A
was built, neither the magnitude nor the consequences of the Summary statistics for some of these factors recorded during The decline in salt mass was probably due to entrainment  gam at the mgut% of the Basin (including lock gycles g wai\ @
infiltration was considered. By 1975, the Metropolitan the study period. and export of saltwater caused by increased freshwater flow, pumping, and opening and closing of the lock gates, 902,00 902,00
District Commission (MDC) determined that harbor water Just prior to the first water-quality survey of this study, the in conjunction with reduced salt input from Boston Harbor culverts ’sluice gates, and the fish ladder) ' \U ?
covered about 80 percent of the river bottom within the Basin Charles River drainage basin received more than 20 cm of  during this period. Although the daily mean discharge A simble conceptua'll model that explainé the importance }j 14
and composed about 50 percent of its depth. The MDC also rain as the result of an intense, slow-moving storm. This generally decreased from March 17 to May 6, 1999, the salt f these factors on saltwater intrusion into the Basin was 901,00 901,00 w (
concluded that fish kills and odors in the spring of 1975 were storm, which occurred June 12 to 15, 1998, resulted in a pealnass in the Basin continued to decline, again likely due to developed and tested by using multiple regression analysis }@ T/
likely the result of the sulfide-rich saltwater mixing with the ~ flow of more than 62.0 s at USGS gaging station the low number of lock cycles (about 5 lock cycles per day). The dependent variable in this model was the change in salt f
overlying freshwater (Metropolitan District Commission, 01104500 on the Charles River at Waltham, Mass., and May 26, 1999, was the last day of measurable rain inthe mass in the Basin between water-quality surveys at time 1 &
1975). equalled the 13-year flood for this station. A flow of this oston area for 31 days and was the beginning of a period (t,) and time 21). The independent variables were the . 2,000 FEET 0 I 2,900 FEET 0 . 4,000 FEET |l . 4,000 FEET
Saltwater from Boston Harbor that enters the Basin is magnitude at this station has an estimated recurrence intervaly drought (R.S. Socolow, U.S. Geological Survey, oral number of lock ci/cles the volume of water pumped from ' 500 METERS 0 500 METERS _// 0 ' 1,000 METERS 0 ' 1,000 METERS
known as the “salt wedge” because of the shape it assumes & 13 years (Parker and others, 1998), which means that the qmmun. 1999). The daiiy mean discharge of the’CharIes the Basin (in cubic méters) a variable (in square meters pef o 2 0 \ ! , : ‘
it moves upstream. Freshwater discharge from upstream flow would be expected to be equaled or exceeded once in  Rjyer fell i‘rom 15 /s on May 26 to less than 1.6/sby hour) related to the area arid the time that the fish ladder b ’ Longfellow  puseum of New Charles L2 Longfellow __ Museum of New Charles iz P Rarvard Longfellow Museum ofNew Charles o 2 Longfellow _ Museum ofiev Charie}
pushes against the intruding harbor water until the density 13 years. In addition to water discharged into the Basin from j,ne 26. Ereshwater flow in the river offered little resistance lock gates, lock culverts, and sluice gates were open; ana the = Bridge Scence New Charl E ‘ Bridge Science River Dam = 0t Bridge Science River Da : Brige ‘
differences cause stratification to occur; the freshwater then upstream, it is likely that discharge from numerous storm 5 the advance of the salt wedge upstream. By June 4, most average déily mean disc’harge (in cubic meters per sécond) T T O o 0 R e Bt = ol = | . .
overrides the denser_ harbor water (Fischer and others, 1979)drains and combined sewer overflows durl_ng intense _storm of the Basin downstream of the Longfellow Bridge at betweert, andt,, which was a surrogate for the force of the %12,400 120  too s &0 40 20 0 W 13 %00 1,200 1,000 800 600 400 200 0 %1200 4y0 4000 3500 3000 2500 @ 2000 1'5 1,000 e | o Elg,ooo 4500 4000 3500 3000 2500 2000 | 1500 | 1000 500 O
The depth from the river surface to the top of the salt wedge events, doubles the volume of water entering the Basin (M. depths greater than 5 m was occupied by the salt wedge freshwater discharge (table 2). The force of upstream DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANGE FROM "NEW" CHARLES RIVER DAM, IN METERS DISTANCE FROM "NEW" CHARLES RIVER DAM, IN METERS
is directly related to the force of the upstream flow and Roberts, Charles River Watershed Association, oral commun.gnq the salt mass in the Basin increased by 0.48 kgl0 " freshwater is represented by the velocity héad (
inversely related to the difference in density between the 1998). During the June storm, the dam operator at the new Water-quality measurements recorded on June 4, 1999, component of the specific energy equation for a channel
freshwater in the Basin and the harbor water. As the dam pumped about 19.0 x®1° of water out of the Basin between(ihe l\/)lluseum of Science and Lonafellow B’rid e " With a small slope and is directly related to the upstream June 29, 1999 July 6, 1999 July 19, 1999
freshwater flows over the harbor water, shear stress developsand opened the locks to allow water to flow out of the Basin showed that most of the water column at (?e ths are a'?er than discharge @) by (Chow, 1958) 234,000 235,000 236,000 234,000 235,000 236,000 232,000 233,000 234,000 235,000 236,000
at the freshwater-saltwater interface, which causes the upperinto Boston Harbor, in order to prevent flooding. The 6 m had become anoxic. It is likelv that the veatergin the area ’ REFERENCES CITED
surface of the salt wedge to form a slope that reflects the  combined effect of the high discharge from upstream, the .\ ik new dam and the Mli/seum of Science does not E=Q?/ 9~ 1) Cole. G.A. 1975. Textbook of limnoloav: Saint Louis. Th 902,000 9 N
dynamic equilibrium between freshwater discharge and pumping of water at depth out of the Basin, and the opening ecome anoxic because this area is frequently replenished ~ Where Og’v .Masby Ci)mep;(an?/02803 Fl)mno ogy: saint Louls, Ihe ' 902,000
saltwater intrusion. . of the locks appears to have completely flushed the salt wedg," v oenated harbor water. In addition, the water also Q s discharge, in cubic meters per second and, ' _ 902,000\
The “new” Charles River Dam was built in the late 1970s  out of the Basin by June 15. became anoxic at depths areater than 6 m upstream of the Chow, V.T., 1958, Open-channel hydraulics: New York,
as a replacement for the old dam. Features that were meant to During the four-day period following this storm, the salt Longfellow Bridge du[()a to t?]ermal stratificatio% and g is acceleration due to gravity, in meters per McGraw-Hill Book Company, 680 p.
significantly reduce saltwater intrusion of harbor water into ~ wedge formed again in the Basin. By June 19, the wedge Wagynolimnetic oxygen demand during this period. Decay of second _ _
the Basin were incorporated in the design of the new dam, - detected at a depth of 6 m at the new dam locks, and ata  ;oonic matter rapidly consumes dissolved oxygen under A tional  the lock at the old d Environmental Systems Research Institute, Inc., 1997, 901,000l
and reductions of harbor-water intrusion by as much as 80 depth of 8 m below the commuter rail draw bridge (fig. 1). o itions of thermal stratification: however, photosynthetic IS Cross-sec |§)na area of the lock at the old dam, ARC/INFO (version 7.1.1): Redlands, Calif. 901,00 901,000
percent were predicted (Metropolitan District Commission,  The salt wedge advanced despite relatively high average da”}ﬂissolved oxygen production by phytoplankt'on in the n §quare meters. Fischer. HB.. List E.J. Koh. R.C.Y.. Imberaer. J.. Brooks
1975). Special features of the new dam included small locks mean discharge (estimated at 68sntable 1) and continual epilimnion likely prevents the entire water column from Two variables, number of lock cyclds®) and average N.H. 1979 Mixing in inland .arid-(’:oastalgwa’te.r’s' New
with tight seals and two sluice gates. One of the sluice gates pumping at the new dam (at an average rate of 5.5 x 10 becoming anoxic mean daily discharg&)), accounted for 63 percent of the Yérkq Académic P?ess 483 ' T
is 6 m below the water surface and was designed to drain themd/day; table 2). During the next five days (June 20-24), daily . ' . variance of the change in salt ma&SH/) in the Basin and ' ' - 0 4,000 FEET 0 4,000 FEET 200000 ¢ ! Biopo FEET
salt wedge at low tide. Six large pumps control the water mean discharge averaged 49srand pumping at the new By June 18, 1999, the salt \(vedge filled the Basin . were significant at the 90th percentife< 0.1). The other Hydrolab, 1996, Data Sond 4 and minisond water quality 5 I S p— 5 [E— METERS’I 0 | 2o00uerers
level in the Basin during flooding, and could be used to pumpdam averaged 3.3 x 46®/day. Nevertheless, the salt wedge doyvnstream of Longfellow Bridge to _the extent that it i independent variables accounted for only a small amount of multipiobe u'ser’s manual revision B: Austin, Tex., © : 0 - ‘ 0 ‘ ‘
the salt wedge out of the Basin. Each of these pumps is continued to move upstream and began to fill the area just spilled over the berm beneath the bridge and into the first the variance and were not significapt{(0.1). The number Hydrolab Corporation, variously paginated. u Museum of Science New Charles i Rarvard Museum of Science 0 Museum of Science
capable of pumping about 40 cubic meters per second upstream of the old dam near the Museum of Science. The deep hole located upstream of the bridge (fig. 2). By June of lock cycles was directly related to the change in salt mass ’ = L e ot 4LB o Longfellow Bridge YLy ga) Lonorelow Bridoe
(m3/sec) of water from the Basin into Boston Harbor. lock at the old dam, which is always left open, is an importantl.s’ the thermal stratification of the Basin was apparently in the Basin; as the number of lock cycles increases, salt ~ Ingmanson, D.E., and Wallace, W.J, 1989, Oceanography, 2 o Z 9
Although the new dam was designed to reduce the control point for the movement of the salt wedge upstream ~ diSTuPted, probably due to wind, and much of the Basin_ ) a¢< in the Basin increases. In contrast, the average daily ~@n introduction: Belmont, Calif., Wadsworth Publishing o ko oo dso e a0 2o a0 o w0 o 0000 450 4000 a5 hom 25w 200 1s0 towo! s o B'S0m  ojo oo swo  how oo oo o
infiltration of harbor water into the Basin, its present-day because the salt wedge must pass through the lock, and mO?EpStream (.)f Longfellow Bridge W{iS aerabic, except for the mean discharge was inversely related to change in salt mass Company, 511 p. 8 Y DISi’ANCE FI’?OM "NE'W" CHAIR;LES RIViER DAM,’IN METE’RS ° ' DIS’TANCE F’ROM "NE’W" CHAI;LES RI\;ER DAM: IN METI;RS ° ' DISTANCI’E FROM "NE\’N" CHARLEé RIVER DAN’I, IN METER’S
operation results in large volumes of harbor water entering ~ of the freshwater moving downstream also must pass througf/€eP Nole just upstream of the bridge that recently had filled ;"4 o 52 o "2 ¢ the average daily mean discharge or the b nabl or d q
into the Basin, particularly during times of high-recreational  the narrow lock at the old dam, thereby increasing the force With harbor water. The salt wedge area between Longfellow ¢/ " o' the upstream freshwater increases, the mass of Jobin, W., 1998, Sustalnal e man_agen;)(ﬁnii or gms an
boating use. When the gates of the locks are opened to allowopposing the movement of the salt wedge upstream compareﬁrldge anc_l the Museum of Science remained anoxic as it salt in the Basin decreases. waters: Boca Raton, Fla., Lewis Publishers, 265 p.
boats into or out of the Basin, freshwater flows out of the to other areas of the river. Therefore, the density of the salt W3S not mixed by wind forcing. By June 23, the salt wedge The empirical model obtained by use of multiple linear Metropolitan District Commission, 1975, Artificial EXPLANATION
Basin over the same volume of harbor water infiltrating the  wedge must increase to a point at which it can overcome thisilig?/;:;%hrig;tehsebzlaswgﬁg“é?ﬁg;genli‘oggrerilgnvnznf8 o regression is as follows: Destratification of the Charles 'River Iéasin: Boston,
\?vgfé?'irl:t?\aéslgslfgriztrl?t?]tee%g]s?rtl ?j?ﬁil:]t half of the volume of force before moving through the locks and into the main part June 23, the salt mass in the Basin increased by 3.8 x 10 ASM= [(4.2 x 16) x log LC] - Mas_s., Metropolitan District Commission, variously SAL|N|TY, IN PARTS PER THOUSAND
g each lock cycle (a of the Basin. ka. N q I d during the J 3 paginated.
lock cycle is composed of two lock openings—one for a boat A second storm of lesser intensity occurred on June 25.  <9: NO ox;l/gen ata were collected during the June [(2.5x10) xlogQ] -6.4 x 16, (2) _
entering the basin and one for a boat exiting the basin). ThereDuring this storm, the lock gates on the new dam were Opene\gater-qua ity survey. - _ where Parker, G.W., Ries, K.G., lll, and Socolow, R.S., 1998, ] < 0.5 7] 55t010.49 B 15510204 B RIVER CHANNEL
are three locks at the new dam: two small locks (61.0 m X for more than 12 hours during low tide, and 13 %rb®of By June 29, the salt wedge fllled in much of the Basin ASM s the change in salt mass betweeandt The flood of June 1998 in Massachusetts and Rhode . BATHYMETRIC
7.6 m) and one large lock (91.4 m x 12.2 m). Assuming that water was pumped from the Basin at depth to prevent upstream of the Longfellow Bridge as far as the Harvard in kilograms 2 Island: U.S. Geological Survey Fact Sheet 110-98, 4 p. ] 0.5to 5.49 ] 10.5t0 15.49 ] 20.5to 25.49
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internal loading of nutrients, such as phosphorus. All of these About 728 lock cycles, lasting an average of 10 minutes per Minimum for the study period (1.7%f8) and nearly seta as the initial mass of salt in the Basin and the change in salt
changes affect organisms that live within or pass through the cycle, were needed to convey this number of boats into and historical low based on a 67-year record at a streamgaging mass calculated using equation 2, indicates that lock oper-
Basin, especially benthic organisms and fish. out of the Basin (an average of 52 lock cycles per day). station upstream of the Basin in Waltham, Mass. ations are the major pathway of saltwater intrusion into the
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channel morphology asa gwde, these locations were (kg) in 14 days or 0.08 x MIg/day (table 3) sa||n|ty since June 29. A|th0ugh the da||y mean d|scharge sampling surveys discharge Lock numberof ofovy:tfr volume cubic meter; #d, cubic meter per day; ppt, parts per thousand; -, is a net loss from the saltwedge; --, change not measured]
primarily along the deepest parts of the Basin because the Althouah th ’b t'tr ffic is areatest duri n. the Fourth of  increased by about 50 percent—from 13snon June 29 to Date Change ©" date_"f Date cydles 10K e OTWAtTgich ook Lok Suice — : :
density of the saltwater causes it to sink to the bottom and ougn the boat traflic 1S greatest auring the Fourth of - 5 o, = 73 11 6—the salt wedae advanced upstream to 5.0 Mini-  Maxi- e CYCleSPer (109 m3) PUMPEY ladder gate culverts gates . o Daily Volume Daily Daily
o7 July celebration, traffic remains heavy for the rest of the y o— 9 / >d upstre. ' I I I 70 Average quality day (x10° m3) Daily mean mean salt mean
reside in the deepest part of the channel. summer. For example. lock cycles averaged 39 per day durin e John Weeks Bridge at Harvard University. Additionally, 112.5 —— OBSERVED SALT MASS 106 B mum  mum survey Change mean change Change mean of harbor volume mass salt
Channel morphology was mapped from water depths - ' . -giost of the Basin at depths greater than 5 m from the & O PREDICTED SALT MASS 160 2 June 19, 1998 2 2 22 55 24 0 0 28000 Volume  inthe  change  Inthe salt in the change water of harbor in I- mass
inter . . the period July 15 to August 19; 6,777 boats entered the Basi ” > . . S 200l 125 ) June 19, 1998 59 61 60 B 61 June 24 146 29 16 33 34 84 8.9 38700 Date (m3) volume in the volume mass salt in the in | water in |- tratin inl-
preted fr_om V|de_o _recordlngs of _e_chq sounder output an in 35 days, requiring 1,381 lock cycles. In addition, the Boston University Bridge to the Museum of Science was  x b pauLock cveLes per DAY S ) July1 213 30 13 19 46 440 0 50.200 3 expressed  (kg) mass salt trating . ng .
a portable, high-precision global positioning system (GPS). 126 dailv mean discharge of the Charles River during thinoXic. » |, oALY MEAN DiscHARGE 1008 3‘“:19124 2482 3596 ;49 1151 3472 Juy 15 S s . b 100 o 76000 (m?) volg/rge as harbor (k) mass basin tl;a“f‘g bism tlraatmg
Data was processed using the triangular irregular network rage gatly mean discharge ol fhe Lharles River auring thi i 2 = o i AugUSE 19 1381 39 12 03 o ) 0 132000 (m*/d) water (kg/day) m3) asm ko) asin
; ) ' period dropped to less than 7.@smand only about 1.2 x 10 During the next week, more than 500 lock cycles 2 150 m < July 15 14 35 23 10 14 g . , m3/d (m3/d) (kg/d)
(TIN) data m_odel (Environmental Science Research Institute, 5 of water was pumped from the Basin into Boston Harbor. occurred and the daily mean discharge decreased by more 2 a0 17 August 19 45 12 70 16 9.6 October 7 1192 24 14 .03 0 18 220 195000  —_ 16,1568 002 — — 008 — — 005 5028 7 o5
Inc., 1997) (fig. 1). The combined effects of the large number of lock cycles than half from 2.6 fis on July 6, 1999, to 1.23f8 on July = 2 October 7 28 97 57 3 3.3 November 17 ar T 31 08 0 %70 3000 e 08 006 0.01 0.001 21 0.16 0.03 20 040 6.1 1.2
Field measurements of water depth, specific conductance, - i the 19, 1999, the lowest dail discharge estimated duringz Ja0 @O November 17 39 24 Al 50 8.5 December 29 ° 2 o0 2o B0 Syt I ) 004 -001 ; 1 2 042 '. L
i ! o~ reduced upstream flow, and reduced pumping resulted in the 19, , the lowest dally mean discharge € g= 100 47130 T 5 December 29 50 10 72 35 5.4 February 10, 1999 24 1 8. 19 0 1,400 1500 533000 July 05 03 00 00 03 8 03 9 o 9.0 3
Sa“mty’ pH, te;mperature, dlS_SO'Ved oxygen, and turbldlty’ advance of the salt Wedge to the Vicinity of the Harvard the study perlod. These low flows and the hlgh number of 5 @ 9 February 10, 1999 7.3 36 22 15 30 March 17 34 1 0 0 0 3400 1,700 888,000 July 15 .28 .23 .016 .003 1.2 1.2 .08 .99 .071 31 2.2
vi/]ere made V\ilth a Hyﬂrolab mbstrument at 1i]m mtervalslfrom Bridge by August 19. lock cycles resulted in the salt wedge moving further g i 120 8% March 17 17 28 22 a1 20 April 28 176 4 0 0 200 740 1,400 290,000 August 19 94 66 019 .005 6.0 4.8 14 1.9 .054 58 1.7
the water surface to the river bottom at each water-quality ot ti ; - upstream to a point near Harvard Stadium, affecting about % 5.0 Z0 April 28 76 24 16 -6.0 9.8 May 6 0 1 0 0 61 0 180 27,100 October 7 2.6 16 033 004 12 6.5 13 16 033 50 10
profiling location. To minimize data collection error, the August 19, 1998! mal’ke(_j the fll’St time anOX_IC ConCIJItIOnS 18 X 16 e of tﬁe Basin (about 92 percent of the totgal 8 110 ’S\ m May 6 6.4 9.3 8.0 -8.0 8.6 June 4 654 23 1.9 .07 210 0 648.1 89,800 November 17 2.2 -.38 -.009 .002 15 2.8 .07 .37 .009 11 .28
Hvdrolab librated at the bedinni fth lina d were measured in the Basin during the sampling period. X o ; %) ol June 4 49 16 91 12 4.9 June 18 447 32 0 0 110 0 2185 48200  December 29 1.8 -.36 -.008 -.004 9.3 5.9 -14 .08 .002 2.6 .06
yarolab was calibrated at the beginning ot tneé Sampling day -, ncentrations of dissolved oxygen (DO) were less than 1.0 volume of the Basin). This intrusion represents the = 0 ) June 18 26 48 34 57 26 June 23 208 42 0 0 37 140 0 0 February 10,1999 1.2 -.66 -015 -.003 5 4.4 -10 03 .0001 1.0 02
and its calibration was checked at the end of the day to milligrams per liter (mg/L) at stations 3.5-A, 3.5-B, and 3.7-A Maximum extent of the salt wedge and the largest mass of 0 June 23 20 25 23 11 20 June 29 252 42 0 0 46 0 0 7760 March 17 5.9 48 14 -.001 4.1 -84 -.02 05 0013 1.4 04
determine if the Hydrolab readings had drifted outside the (fig. 1) at a depth of about 6 m. Anoxic conditions develop in Salt observed (over 22 x 4Kg) in the Basin during the June 29 15 18 17 -62 17 July 6 425 61 0 0 40 0 134 399,000  April28 49 55 -13 -.001 27 15 -.03 24 .0057 7.4 18
lnslii)um_ent gpec!flgt'_:\tlonsigHy(iiO'ab,dlglgg)- Analys:js O_f P?'OSt_ the salt wedge due to oxygen uptake by heterotrophic bacteriétUdy_ period. Most of the Basin at depths greatgr thgn 5m 50 | | | | July 6 1.3 3.0 2.5 83 2.6 July 19 501 39 0 0 4.5 0 0 15,800 May 6 46 -.03 -.003 -.002 2.2 -44 -.05 12 015 3.8 47
gicleioaigg?e I?:]?iislnfollf:gileotf t?]tetvxlea;):-cigjityogfr?etss within - th(le _sedimeﬂt and the ﬁlow tlrans(l;er of oxygen fr?lm the ;iggg‘effo?;‘?]ﬂ@ %OVi’gStlrSgg‘ of the Boston University 1June-98  1-Sept-98 1-Dec-98 1-March-99 1-June-99  1-Sept-99 July 19 122 11 -78 12 ﬂﬁﬂi ‘113 1.27 1.21 .gc;: .ggi E; 2.45;8 % '22 '?,ii ig 1,935
Salinity measurements that were greater than 0.5 parts pei)rxggi/tlgr?t ,:i? ovr\i?;?)re?aijsees:etr;\i)eic %?éﬁ:i?r(rlg Iga;r?o?zjlrciife June 23 2.2 62 12 021 8.7 3.3 66 28 057 8.7 L7
thousand (ppt) at each of the water-quality sampling sites _defici ' A CONCEPTUAL MODEL OF SALT Figure 3. Comparison between measured and June 29 35 13 22 039 16 7.1 12 34 057 1 18
; In oxXygen deficient environments, but because naturally MASS IN THE BASIN . ) July 6 55 1.9 28 013 19 2.7 39 58 083 18 26
were entered into an Arc Macro Language (AML) program  ,ccyrring sulfate in the salt wedge is quickly converted to calculated salt mass in the basin between water- July 19 10 is s 008 2 9 3 o8 053 ” 16
(Environmental Science Research Institute, Inc., 1997). hydrogen sulfide (55) under anoxic conditions. Hydrogen The salt wedge in the lower Charles River is not a quality surveys from estimated daily mean discharge y : : : : : : : :
Salinity is the sum of the concentrations of major ions in sulfide is extremely toxic to aerobic organisms because it ~ Stagnant mass of saltwater residing only in the deepest parts for the Charles River at the new Charles River Dam
seawater and includes chloride, sodium, sulfate, magnesium, 5 tivates the enzyme cytochrome oxidase, interfering with Of the channel. Rather, it varies in area and salinity and the number of lock cycles (one cycle is one
calcium, pota(?sfium,dblc(arbonate, bromdlde, tliorlc acg;g'g) energy metabolism at the cellular level (Cole, 1975). throughout the year. Temporal changes in the area and opening and closing of the locks) per day at the new
strontium, and fluoride (Ingmanson and Wallace, 1 . ' Charles River Dam.
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