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Improve the Ecological Condition of Defadd Tidal Canals,
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Background

TheTownof SouthBethany(Figurel) is a denselypopulatedurban communityinitially
developedin the 195Cs. It consistsof approximately 1,300 single family homes
situated on 270 acreslocated in the southeasternpart of SussexCounty, Delaware,
betweenthe Atlantic Coastand the Little AssawomarBayand the AssawomarCanal
SouthBethanywas developedbefore the 1990 stormwater managementregulations
and containsfive (5) milesof deadend canals Thesecanalsare currentlyusedmainly
for boating and storm water management In the past they were also used for
swimming, fishing and crabbing How-ever, due to increased pollution (excess
nutrients, high Enterococcusevelsandlow dissolvedoxygen)asa result of stormwater
runoff thesecanalsare rarely usedfor swimming,fishingand crabbing

The canals perform the function of stormwater managementponds Some have
arguedthat sincethe canalsare tidal that they in fact do not actasponds However
this is not substantiated The South BethanyCanalsFlushingStudy ¢ Entrix 2005 ¢

demonstratesthat there is essentiallyno flushingin the endsof the canals(Figure2,

ResidenceTime in Canals) ResidenceTime is defined as the time it takes a

concentrationto reduceby 36.79% Thecomputerflushingmodelwasrun to simulate
three monthsof tidal action. Theareasin red did not reachthe 36.79 %reductionin

the three months Theareasin greenreachedthe 36.7%% reduction in one month.

The areasin dark blue reached36.79% reduction in about one day  The resulting
finding is that the canalsshownin red do indeed act as storm water management
pondssincethey haveno significantexchangeof water due to tidal action

Basedon the fact that the deadend canalsact asstormwatermanagemenponds,the
CanalWater Quality Committeerecommendedto Town Councilthat diffusers,similar
to aeratorsusedin nearbystormwater managementponds, be placedin a test dead
end canalas a meansto increasecirculation and dissolvedoxygenin the test canal
TownCouncilsupportedthe recommendatiorfor atwo yeartest program

Figure 2. Residence Times in Canals




Descriptionof the DiffuserPilot DemonstrationProject

Theprimary objective of the two year pilot projectis to determineif diffuserswill providea
new method that works effectivelyin deadend tidal canals,as they do in stagnantwater
managementponds, to increasedissolvedoxygenand possiblyreduce algaeblooms The
secondaryobjective is to quantitatively measurethe effectivenessof the improvement of

the ecologicalconditionsin support of a cost benefits analysisto justify installingdiffusers ”

into allimpairedcanals

The Diffuser Demonstrationis being conducted on three of the canalsthat have been |

determined to be among the most impaired from previous water quality monitoring
programs Theseare the AnchorageCanalthe PethertonCanaland the BrandywineCanal
The Petherton Canalis the test canal,the one with diffusers,and is located between the
Anchorageand BrandywineCanals The BrandywineCanalis the control canal It was
selectedover the AnchorageCanalbecauset hasthe samedrainagearea(about6 acres)as
the PethertonCanalwhile the AnchorageCanahasa drainageareaof about100acres The
AnchorageCanals a secondreferencecanalsinceit is adjacentto the BrandywineCanaland
it is the canalwith the most historical data associatedwith it. Eachcanalhasabout two
acresof surfaceareaand eachis about five feet deep Whenthe water is deepenough(12
to 15 feet) for a diffuserto operate at high efficiency,only one diffuseris neededper acre
Whenthe depth is 4 to 11 feet the vendor suggestausing 2 diffusersper acre Sincethe

canalshave a very poor aspectratio and they are very shallow, there are six (6) diffusers |°
equally spacedalong the most eastern 1,000 feet of the 1,600 foot Petherton Test Canal ||

(about4 diffuserper acre)

Thediffuser systemwasprofessionallyinstalledby EnvirotechEnvironmentalConsulting)Jnc.
(EECI)n the Petherton Canalon April 24, 2013 The system consistsof the following
components

w AquaAir6 ¢ 1 hp, 115120V, SinglePhaseCompressor

w Six (6) Single Membrane or Dual Diffusers, Stainless Steel Case,
Molded Base and
() 3,900feet of weightedtubing.
Eachdiffuseris independentlysuppliedwith compressedir though weightedtubesthat lie
alongthe bottom of the canalfrom one compressotthat is locatedon shoreat the eastend
of the canal
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Water Quality Monitoring Results

Thediffusershave beenrunning continuouslysinceApril 24, 2012 exceptfor the month of Julyin 2014 when
they were turned off to verify that the Pethertonand BrandywineCanalsbehavedsimilarly,if diffuserswere
not present Theresult of the July2014test did verify that the two canalsbehavedsimilarly,confirmingthe
datafrom 2012whenthere were no diffusersin either canal

Water quality wasmonitored three different ways

A Weeklywater quality monitoring (DissolvedDxygenDO),salinity,temperatureand secchidepth) was
done from shore at the most easternend of eachof the three canals Anchorage Pethertonand
Brandywine SinceDO is lowest in the summer, the DO data for May, June, July, August and
Septemberfor 2012 2013 and 2014 is shown on slide 6 for comparison Resultsshow that DO
appearsto be increasingslowly over the last two years and that the canal with diffusers had
consistentlyhigherDOthan the control canalsincemid August2014 Observationsnadeon 8/12/14
show that there was potential for a fish kill in the Anchorageand BrandywineCanalswhile the
diffusersin the PethertonCanalcauseit to havesignificantlybetter water quality. Seeslides6 to 9.

A Weekly water quality monitoring was conducted by boat. DO measurementswere made at 15
locationsalongthe 1,600foot length of both the Pethertonand BrandywineCanalsat one foot deep
andat three feet deep. Sincethe end of Augustthe deepsensorhasbeenlocatedvery closeto the
bottom insteadof at 3 feet from the surface Thedatafrom the boat trips are presentedon slides11
through15. Movingthe deepsensorcloserto the bottom givesa better picture of the averageDQ It
showsthat the canalwith diffusersnow hasconsistentlyhigheraverageDOwhen comparedto the
control canal Thiscouldbe becauseof the lower sensoror becausethe diffusersare becomingmore
effectiveafter 1.5 years

A Continuousdatawasmonitoredat about 150feet from the eastend of the AnchoragePethertonand
BrandywineCanals Slidesl6 through 24 havethe continuousDOdatatakenin 2012 2013and 2014
Thedata showthat DOhasbeenincreasingslightlyeachyearandthat DOincreasesasyou go from
north to south

A Monitoring from a kayakshowsthat ThediffusersincreaseDOat water depth > 4 ft. resultingin a flat
profile with depth closeto the diffuserswhichis beneficialfor the fish. Seeslides26to 28.



Since diffusers are used in some cases to eliminate muck, muck depth measurements were
taken and are presented on slid25.

A It had been postulated in last years status repbet DO was lower in the canal with diffusers, since
diffusers could be used to reduce muck.

Muck depth measurements are very difficult to make from a boat in the center of the canal.

Three or four different muck measurement tools have been tried. Finally this summer we developed one
that we like.

The measurements have a lot of scatter.
Even with the above caveats it appears that muck depth has been reduced slightly.
We will continue to make muck depth measurements next year.

To o o  To I»

Conclusions and Recommendations After 18 Months

A The diffusers do not significantly increase the average dissolved oxygen (DOPeilteegonCanal.

A The diffusers do significantly decrease stratification and the likelihood of a fish kill. However no fish kill
has ever been reported in theethertonCanal. To my knowledge the only fish kills that have occurred
were in the Russell Canal.

A Since the diffusers have been installed there has been no significant algal bloom in any of the South
Bethany Canals, so there is no data that can be used to determine if the diffusers would decrease algal
blooms in the South Bethany Canals.

A 1 would recommend that we continue the diffuser project at least until there is a significant algal bloom so
that the effect of the diffusers on algal blooms can be determined. The cost of doing this is about $150
per month for electricity.




DO Measurements From The Rt. 1 Bulkhead 2012,2013,2014

Dissolved Oxygen, DO, (mg/L) Readings With No Diffusers In 2012 Disolved Oxygen ,DO, (mg/L) After Difussers Installed On April 24, 2013

~+—-5B01 Anchorage/East End ~#-5B04 Petherton/East End SBO6 Brandywine/East End ~+-5B01 Anchorage DO (mg/L)  ~#-5SB04 Petherton DO (mg/L) SBO6 Brandywine DO (mg/L)
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[570mg/t Aversge || .74 mg/Laverage || 416 et Average has increased in each of the three canals over the last two

years.

The 2012 data shows that theethertonand Brandywine
Canals behave similarly. Brandywine is a good control for th
diffuser test.

The diffusers cause the DO in tRethertonCanal to be

\ ‘/\ \ ‘/ more uniform, lower peaks and higher lows.
' 7 When diffusers were turned off during July 20Pétherton
and Brandywine had identical readings on July 22 and 29|

During 2013 and the beginning of 20Rdthertonhad lower
A T A P R SR DO than Brandywine. Towards the end of 2@ktherton
had the higher DO.
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Effect of Diffusers on DO at East Petherton Canal
Bulkhead

Aurust12 2014

tave Wilson

Results to Date for Diffuser Operation in Petherton
Canal for Bulkhead Sites

Diffusersinstalled at 6 locations along Petherton on April 26, 2013

DO monitored at E end Bulkhead (SB04) and mid canal to west of
diffusers (SB0S)

DO monitored at E end of Brandywine (SB06) canal adjacent to
Petherton asacontrol

Maonitoring by boat also conducted in summers of 2013 and 2014
Diffusers ran continuously to June 29, 2014
Diffusersturned off for month of July 2014 to assess effectiveness

48 data points, 23 with diffusers off and 25 with diffusers on at
bulkhead locations during summers of 2012, 2013, and 2014

Alldata at approximately 1 ft depth
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Petherton DO Lower than Control Canal in & Weeks Before
Diffusers Turned Off

DO Comparison at Bulkhead with Diffusers On
May-lune 2014 [6 deta points)
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Loss in DO Increased Slightly When Diffusers Turned Offin July

Comparison at Bulkhead with Diffusers Off
Far July 2014 [5 data points)
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Multi Year Data Show Petherton Bulkhead DO Higher
than Brandywine at Low DO levels with Diffusers Off

DO Comparison at Bulkhead with Diffusers Off
Miey-Sept 2002 and July 2014 [23 dets points)
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Rain Eventsin 2013 Increased Scatter with Diffusers On

DO Comparison at Bulkhead with Diffusers On
Miay-Sept 2003 end Mey-June 2014 [25 date points)
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Data To Date Show Diffusers Slightly Increase DO at Low Levels

and Reduce DO at High Levels
Bulkhead Locations

Comparison of Linear Curve Fits for Diffusers Off and On
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Comparative Observations at Bulkheads

* Petherton has poor circulation based on

— Amount of more debris accumulation ateast bulkhead than
Brandywine

— Bacteria count substantially higherthan Brandywine
— Substantially higher Jellyfish countin region of bulkhead than
Brandywine

* Consider moving first diffuser closer to bulkhead

Today’s Results Show Some Promise

DO measured at Anchorage, Petherton, and Brandywine
bulkheads (adjacent canals) on August 12, 2014

— 0.23 mg/l at Anchorage

— 2.33 mg/l at Petherton (diffusers on)

— 0.61 mg/l at Brandywine

Milky brown color at Anchorage and Brandywine, but not at
Petherton

Conclusions from Bulkhead Data to Date

* Diffusers slightly increase DO at very low levels (2.5 mg/l)
* Diffusers reduce DO at high levels (=4 mg/1)
* Rain events seem to negatively affect DO with diffusers on

* Need to look at continuous monitor 2013 data to track effect
of rain events on Petherton DO (1.5" on July 11 and 4.6" an
July 12 vs 1.72" on May 16 2014)

* Consider moving first diffuser closer to east bulkhead




Today’s Results Show Some Promise

* DO measured at Anchorage, Petherton, and Brandywine
bulkheads (adjacent canals) on August 12, 2014:
- 0.23 mg/l at Anchorage
- 2.33 mg/| at Petherton (diffusers on)
— 0.61 mg/| at Brandywine

* Milky brown color at Anchorage and Brandywine, but not at
Petherton

The slide above (From Dave? A f a & 32/®@4 Presentation)shows what the
diffuserscanreally do. The descriptionabove,& Y A brgwa O 2 f &lstieto
the Anchorageand BrandywineCanalsis what happenedin the RusselCanalast
yearwhenwe hada fish kill. DOwent almostto zera ThePethertonCanalthat
was well stirred by diffusershad a DO of 2.33 mg/L and had no & Y A brgwe
O 2 f. 2TN&diffuserscausedan environment in the PethertonCanalthat would

not causea fill kill. Whereasthe environmentin the Anchorageand Brandywine

Canal®n 8/12/ 14 couldhavecauseda fish kill.
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The table below summarizes information from the next four slidétiere are so many variables that it is difficult to
determine a pattern. However it appears that the DO was consistently higher in the canal with diffusers at the end of
the year.

Date Tide Tide Stratification Brandy DQ Peth DO > DAC\LOPLIJ?ts Diffusers
Rising | Falling > Peth DQ Brandy DC Off
the Sameg

6/11/2014 X NO 2mg/L

6/16/2014 X NO YES
6/25/2014 X NO 1mg/L

7/2/2014 X NO 1.5mg/L YES
7/9/2014 X NO YES YES
7/16/2014 X 1mg/L YES
7/23/2014 X NO YES YES
7/30/2014 X NO YES YES
8/13/2014 X NO 2mg/L

8/20/2014 X NO 1mg/L

8/27/2014 X NO 1mg/L

9/3/2014 X 1mg/L

9/10/2014 X 1mg/L
10/15/2014 X 1mg/L




6/11/2014 Tide Level 0.8' and Rising

6/16/2014 Tide Level 1.2' and Falling
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