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APPENDIX A - SITE VISIT SUMMARY REPORT, NOVEMBER 2018

SITE VISIT SUMMARY REPORT

To: Amanda Vincent, LDEQ Project Manager
From: Scott Wallace, NWC Project Manager
Copy: Rhonda Bright Doiron, NWC

Project : South Slough Wetland Study

LaGov No. 2000359113
Report Date: November 26, 2018

Re: Site Visit, November 13-14, 2018

Site Visit Meetings

LDEQ Meeting
A Site Visit kick-off meeting was held on the morning of November 13, 2018 at DEQ’s offices in Baton

Rouge. Amanda Vincent (LDEQ), Jonathan McFarland (LDEQ), Chuck Brown (LDEQ), Todd Franklin
(LDEQ), Lorna Putnam-Duhon (LDEQ) and Scott Wallace (NWC) were in attendance to briefly discuss
the project goals and objectives

City of Hammond Meeting

A Site Visit meeting was also held with the City of Hammond on the morning of November 12, 2018 at
the wastewater treatment plant. Amanda Vincent (LDEQ), Jonathan McFarland (LDEQ), Scott Wallace
(NWC), Guy Palermo (City of Hammond), Wanda Brumfield (City of Hammond) and Vernon Banks (City
of Hammond) were in attendance to discuss operations at the treatment plant and how flow is delivered
and distributed to the South Slough wetland assimilation area.

Wastewater from the City of Hammond enters the treatment facility through multiple lift stations. Flow
through the aerated lagoons is by gravity to the effluent lift station. Due to infiltration and inflow (I/1),
flows increase from 2-4 million gallons per day (MGD) up to around 8-9 MGD during precipitation events.
This flow entering the treatment facility exceeds the pumping capacity of the effluent lift station, and
water levels in the treatment lagoons will rise, providing some flow equalization capacity.

There are three pumps at the effluent lift station, although the City has found that running all three
pumps simultaneously provides no benefit vs. running two pumps during peak flow events and retaining
the third pump as a standby. The effluent pumps operate on demand and rotate through a
lead/lag/standby sequence. When in operation, the pumps provide pressure head all the way through
the 6-mile long pipeline to the distribution pipes at the South Slough Wetland, but when the pumps are
off flow can continue through the wetland distribution pipes via gravity drainage of the force main. The
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City has experienced some problems with air entrainment/relief with the force main, but those problems
appear to have been resolved through recent improvement to the air relief valves

Treated effluent is disinfected by chlorine (hypochlorite with chlorine gas backup), with the disinfection
dosing rate being manually set based on operating experience. Effluent is dechlorinated via bisulfite
addition (again, manually adjusted based on operating experience) south of the treatment facility with
the effluent transfer pipeline serving as the chlorine contact chamber. The effluent pumping, disinfection
and dechlorination systems appear to be adequate and no operational problems were noted by the
operators.

South Slough Wetland Walk-Through

Immediately following the meeting at the wastewater treatment plant, the attendees visited the South
Slough site and walked the length of the first 3,000 feet of the effluent distribution pipe (Figure 1). After
walking the effluent distribution pipe, the meeting participants visited the Joyce Wetlands boardwalk
(Figure 2), which allows access near the MID monitoring point of the wetlands.

Figure 1— South Slough Distribution Pipe and Boardwalk
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Figure 2 — Joyce Wetland Boardwalk (access to MID monitoring point)

South Slough Wetlands Site Evaluation
Field studies were conducted at the South Slough site on November 13 and 14, 2018.

Site Description

The South Slough Wetlands are located on the northern edge of the Lake Pontchartrain basin between
Lake Maurepas and Lake Pontchartrain (Flocks et al., 2009). Over the last 150 years a number of
construction projects have largely cut off tributary watershed drainage on the north side (due to
construction of the South Slough canal) and to the west (due to construction of the railroad, U.S. 51 and
I-55). The area is hydrologically connected to Lake Pontchartrain to the south and the discharge of the
Tangipahoa River to the east. While water levels in Lake Pontchartrain can (and do) affect water levels
in the South Slough wetlands, stem drag due to vegetation creates considerable barriers to water
movement. As a result, application of treated effluent is the primary water input in the Hammond
Assimilation Wetland area, resulting in water levels that are higher in elevation and more stable than
surrounding reference wetlands. Movement of effluent through the wetland assimilation area is
generally to the south and east, and hydrology of the area has been described in detail (Lane et al., 2016).

Effluentis applied to an area of wetland dominated by emergent wetland vegetation which is surrounded
by forest swamp (Figure 3).

South Slough Wetland Evaluation Study Report Page 103



U3/2212015 0934

Figure 3 — Aerial View of the South Slough Wetlands (including the wetland assimilation area), looking
southeast. Red arrows indicate the primary direction of effluent movement.

Throughout the various studies and reports done on the project, different areas and terminologies have
been used to describe the wetland system. For the sake of clarity, this report uses the following
definitions:

e South Slough Wetlands: The total area of wetlands considered for effluent utilization under
LPDES Permit LA0032328, including approximately 10,000 acres of the East Joyce Wetlands
(EJW) and the effluent distribution area owned by the City of Hammond (UAA, 2005)

e Effluent distribution area: Land owned by the City of Hammond and utilized for purposes of
effluent distribution. This area is approximately 130 acres.

e Four Mile Marsh: The area of naturally-occurring emergent wetland vegetation (including the
effluent distribution area) that existed prior to the effluent application project. The boundaries
of Four Mile Marsh appear unchanged from historical aerial photographs dating back as far as
1965 (USGS 1965). This area is approximately 750 acres (Lundberg et al, 2011)

e Hammond Assimilation Wetland area (HAW): Area of the Four Mile Marsh where changes in
the vegetative community have occurred after effluent application began in 2006. While this
area has not been field delineated, it is estimated at 321 acres (Shaffer et al, 2015).

e East Joyce Wetlands (EJW): The state wildlife area managed by the Louisiana Department of
Wildlife & Fisheries south and east of the effluent distribution area. This is approximately
34,600 acres (Lane et al, 2016) and includes all of Four Mile Marsh not owned by the City of
Hammond. Other than two emergent marsh areas (Four Mile Marsh and Seven Mile Marsh),
the majority of the EJW is forested swamp.
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Observations in the Wetland Assimilation Area

Water Movement

Effluent pumped from the City of Hammond is distributed along a 3,600-foot elevated pipeline that runs
east-west along the north side of the distribution area (Figure 1). The spoil bank created by the
construction of South Slough does not (under normal circumstances) allow water to flow north and enter
the South Slough canal. Berms created by the construction of the railroad, U.S. 51, and I-55 largely cut
off flows to the west (with the exception of a few culverts). As a result, effluent moves south and east
towards Lake Pontchartrain. However, regional water levels are dominated by Lake Pontchartrain and
the entire site can be underwater after major hurricane events.

The effluent distribution pipeline has goo hand-operated distribution valves, divided into six zones of 150
valves apiece (Figure 4). Flow is normally rotated to different application zones on a quarterly basis by
the operations staff to allow loading and resting of different parts of the assimilation area. During the
period of field observations, the westernmost zone (closest to the railroad, U.S. 51 and I-55) was being
utilized. Due to recent rainfall (the City of Hammond received 11.4 inches of precipitation on November
10-11, 2018), the effluent pumps were operating continuously. Water levels west of I-55 were lower than
on the east side, and flow velocity in South Slough was >1 foot per second (ft/s) towards the west.

Flow was visualized using fluorescent dye (Figure 5 inset) along the zone of effluent application (Zone 1)
and along the first wetland boardwalk (Figure 4). Flow velocity decreased as effluent moved away from
the distribution point(s). Based on dye movement, flow was towards the south-southwest (SSW) at
velocities of ~0.3 ft/s thirty feet from the distribution pipeline, ~o0.1 ft/s one hundred feet from the
distribution pipeline, and not detectable at the end of the boardwalk.
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MID Monitoring Point

Figure 4 — Effluent application zones within the Hammond Assimilation Wetland (HAW) area and
observed flow movement on November 13-14, 2018. Image is from Google Maps (2018).

Some channelization of flow and movement to the culverts under the railroad and U.S. 51 was observed

(Figure 5). While this was estimated to be a small percentage of the overall effluent application, it
demonstrates that flow to the west is possible under favorable conditions.
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Figure 5 — Visualization of flow in the effluent application zone (Zone 1) using fluorescent dye.

There are two “water level control” structures located adjacent to the effluent distribution pipeline in the
northeast and northwest corners of the HAW. Under favorable water level conditions, excess water in
the HAW could be drained into South Slough to facilitate drawdown and promote vegetation growth.
These control structures have a flap arrangement that can be open or closed. Both of these structures
were leaking and in poor repair (Figure 6) and dye tracing showed that flow was entering South Slough
(Figure 4). Itisrecommended that these be replaced with new, water-tight structures that can be opened
and closed to give operators positive control over water levels.
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Figure 6 — Water level control structure with missing flap gate at northeast corner of the effluent
distribution area

Vegetation

The area immediately adjacent to the effluent distribution pipeline supports the growth of trees (Figure
1), on the South Slough spoil bank. Additional Bald Cypress trees (Taxodium distichum) were planted in
2008 consisting of 11 groupings of 8 seedlings per group in four experimental subunits (Annual Report,
2010). Studiesby Lundbergetal., (2011) showed higher rates of seedling survival and greater tree growth
in closer proximity to the effluent distribution pipeline. Those cypress trees are continuing to thrive and
have in many cases, split the original 4-inch plastic guards placed to deter nutria grazing (Figure 7).
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Figure 7 - Growth of Bald Cypress (Taxodium distichum) trees adjacent to the effluent distribution pipeline

Further to the south, trees give way to emergent vegetation (Figure 8). Along accessible areas (extending
from existing boardwalks, the emergent vegetation was a diverse community consisting of Maidencane
(Panicum hemitomon), Broadleaf Arrowhead (Sagittaria lancifolia), Willow Primrose (Ludwegia
leptocarpa), and Giant Cutgrass (Zizaniopsis miliacea) (Figure 9). Some isolated stands of Cattail (Typha
domingensis) were observed, these could have possibly expanded from nutria-exclusion pens as
described by Shaffer et al. (2015).

It was apparent that most of the emergent wetland vegetation was occurring on top of floating mats of
detritus; areas were not wadable even with special equipment, and probes could push through the
vegetation mats to a depth of 3to >6 feet. Some areas of open water were visible (Figure 10), and some
areas supported floating mats of Marsh Pennywort (Hydrocotyle ranunculoides), Giant Salvinia (Salvinia
molesta), and Duckweed (Lemna minor).
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Figure 8 — Transition from trees to emergent marsh (looking south from effluent distribution pipe)

Figure g — Typical view of emergent marsh area (looking south from effluent distribution pipe)
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Figure 10 — One of the smaller open-water areas in the emergent marsh area (looking south from
westernmost observation boardwalk).

Observations made at the MID Monitoring Location

The MID monitoring location is located at the transition back to forested swamp along the southern edge
of the emergent marsh area (Figure 2). This is the southern edge of Four Mile Marsh, and the transition
point from emergent marsh to forested swamp appears unchanged from historical photos dating back
as far as 1965 (USGS, 1965). The MID monitoring point was established as part of the Use Attainability
Analysis (UAA, 2005), and is monitored annually under LPDES Permit LA0032228.

The site is accessible by walking to the end of the Joyce Swamp Walk Nature Trail boardwalk (Figure 11)
and then wading north through the cypress swamp. This area was selected to represent an intermediate
location beyond the immediate zone of effluent distribution, but still be in an area where the effects of
effluent assimilation would be apparent.
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Figure 11 — Access to the MID monitoring location

Water Movement
No discernable current or flow could be observed with the naked eye using fluorescent dye drops. Dye

dispersed uniformly in all directions until no longer visible.

Vegetation

The MID location is a region of forested swamp dominated by Bald Cypress (Taxodium dystichum) with
the minor presence of Tupelo (Nyssa aquatica), Red Maple (Acer rubrum), Sandbar Willow (Salix interior)
and Green Ash (Fraxinus pennsylvanica) (Figure 12). Understory vegetation consisted of floating aquatic
plants such as duckweeds (Lemna minor, Spirodela polyrhiza).
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Figure 12 — MID monitoring point looking west (November 14, 2018)

Trees at the MID monitoring point appeared healthy and growing. Core samples from 10 cypress trees
were collected using a hand-held increment borer (Figure 13) and retained for future analysis.
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Figure 13 — Collection of tree core samples using increment borer
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APPENDIX B — HISTORICAL AERIAL PHOTOS
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APPENDIX C — DRAWBACKS AND LIMITATIONS OF THE “LOADING
CHART” APPROACH

Historically, planning of wastewater assimilation wetland projects in Louisiana has been based on a
“loading chart” approach (Breaux & Day, 1994, Hunter et al. 2009a, Hunter et al. 2018). This same
approach was used to plan the City of Hammond project (UAA, 2005).

The “loading chart” approach is based on the observation that when nutrients are spread over a
sufficiently large area, they are incorporated into the plant biomass cycle of the wetland such that the
resulting exit concentrations are at (or close to) ecosystem background concentrations.

A review of wetland systems receiving municipal wastewater effluent was presented by Nichols (1983)
and Richardson & Nichols (1985). This review was based on nine different wetland systems in Michigan,
Ireland, Florida, Wisconsin, Massachusetts, and Ontario comprising a variety of wetland types that had
been receiving wastewater effluent between 1 — 69 years. None of these systems were in Louisiana and
only one was a cypress swamp.

The authors observed that when the mass load of nutrients was introduced to a wetland of sufficiently
large area, the effluent concentrations of nutrients were low (close to background concentrations).
Nichols (1983) and Richardson & Nichols (1985) calculated a “loading rate” and “percent removal” as
follows:

mass of nutrient applied

"Loading Rate" =
& total wetland area

. . outlet concentration
Percent Removal" = (1 — — - ) 00
inlet concentration

These numbers were published in a table and plotted on a X-Y graphs to produce “loading charts” (see
Figure C.1 for example).

The “loading chart” approach presented in Nichols (1983) and Richardson & Nichols (1985) has two key
limitations if used for predictive purposes:

1. The wastewater was not actually distributed over the entire area of the wetlands studied. Dividing
the mass load by the overall wetland area mistakenly assumes that the effluent is evenly
distributed over that entire wetland area. In reality, this uniformity of application has never been
achieved for full-scale assimilation systems, all of which use pipes to distribute effluent over a
small fraction of the wetland area.

a. Consequently, the nutrient loading is non-uniform (highest in the inlet region), and the
wetland plant community will adapt to this gradient in nutrient availability as predicted
by Kadlec (1985).

2. Percent removal is calculated as the difference between the inlet concentration and the outlet
concentrations. However, wetlands have non-zero background concentrations for nitrogen and
phosphorus (Kadlec & Wallace 2009). If the inlet concentration was very close to the wetland
background concentration, there would be low percent removal, regardless of the loading. The
“loading chart” approach does not incorporate the concept of non-zero background
concentrations into predicted percent removals.
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PERCENT P REMOVAL BY WETLANDS

Figure C.1 — Phosphorus “loading chart” from Nichols (1983) and Richardson & Nichols (1985).
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As a case in point, the extensively-studied Houghton Lake, Michigan assimilation wetland was
approximately 700 ha in area. Dividing the influent mass load over the entire wetland area yields a
“loading rate” of approximately 0.3 g/mZ2-yr for phosphorus, which the chart (Figure C.1) of Nichols (1983)
and Richardson & Nichols (1985) would predict almost complete (100%) phosphorus removal, regardless
of the influent concentration.

The Houghton Lake system did indeed remove high levels of phosphorus (94% over 30 years of operation)
as summarized in Kadlec (2009a). However, the “loading chart” approach ignores the non-uniformity of
the nutrient application, and thus misses the development of the 83 ha active assimilation zone, which
underwent a major shift in vegetation type (sedge-willow = Typha spp.), biomass production (3X),
nutrient content of plant tissue (2-3X) and wetland structure (fixed marsh = floating mats). The nutrient
“assimilation zone” predicted by Kadlec (1985, 1997) did develop at Houghton Lake, as shown in Figure
C.2 (also Figure 6.3). The entire 700 ha of the Houghton Lake wetland was not involved in nutrient
assimilation, only the 83 ha of the active assimilation zone.

Figure C.2 (also Figure 6.3) — Assimilation zone occupying 83 ha within a 700-ha assimilation
wetland, Houghton Lake, Michigan (Kadlec, 2009b). The assimilation zone took approximately
9 years to develop, and then was stable for the remainder of the 30-year period of operation.
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The active assimilation zone model developed by Kadlec (1997) was applied to the Houghton Lake
Michigan project (Kadlec & Bevis, 2009). These results indicate that the removal rates of nitrogen and
phosphorus are far higher in the active assimilation zone (approximately 100 g/m?-yr for N and 5 g/m?2-yr
for P) than in the surrounding wetland area.

Regulatory guidance in Louisiana lists threshold “loading rates” (mass of nutrient applied divided by total
wetland area) of 15 g/m?-yr for N and 4 g/m?-yr for P (see Section 2.0). These “loading rates” are very
conservative for nitrogen; less so for phosphorus. If the calculated “loading rate” is below these
thresholds, it is an indication that the wetland is likely large enough to contain the active assimilation
zone.

A recent summary of wastewater assimilation wetlands in Louisiana was completed by Hunter et al. 2018,
which lists estimated “loading rates” for each assimilation wetland based on the approach of Nichols
(1983) and Richardson & Nichols (1985).

Another way of looking at this data is to estimate the percentage of the total wetland area involved in the
active assimilation zone using the methods of Kadlec (1997) and Kadlec & Bevis, 2009. These results are
summarized in Table C.1.

Operating performance of these assimilation wetlands generally indicates they are all successful in
reducing N and P concentrations to background levels (Hunter et al. 2018), which is not surprising
considering that most of the assimilation wetland projects were far larger than the active assimilation
zone (Table C.1). The exception is Mandeville Bayou Chinchuba, where essentially half the wetland is
involved in nitrogen assimilation and all of the wetland is involved in phosphorus assimilation. Not
surprisingly, Hunter et al. 2018 notes that it takes about half of the Bayou Chinchuba wetland to remove
nitrogen (BC MID site), and phosphorus is only reduced to =1 mg/L at the BC OUT site. This is considerably
higher than background P concentration in other nearby wetlands, but consistent with calculations
indicating that Bayou Chinchuba is too small to contain the active assimilation zone.
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Table C.1 - Summary of Louisiana wastewater assimilation wetlands and estimated percentage of wetland in the active assimilation
zone. Data adapted from Hunter et al. 2009a and Hunter et al. 2018. Estimated percentages of the wetland within the active
assimilation zone were calculated by the author.

Mean “Loading Rate” (7 Estimated Percent of Wetland in
a/mi-yr Active Assimilation Area V)
City Period of Flow, MGD | Size, ha ©® Nitrogen Phosphorus Nitrogen Phosphorus
Record
Breaux Bridge (© 2001-2013 0.96 1,490 1.89 0.24 2% 5%
Broussard 2007-2013 0.59 136 14.75 2.62 15% 52%
Hammond 2007-2013 3.90 4,047 2.39 0.48 2% 10%
Luling 2006-2013 1.58 608 2.52 0.84 3% 17%
Mandeville BC @ 2006-2013 1.19 98 56.50 13.90 57% >100% “
Mandeville TM © | 2009-2013 1.44 413 7.48 1.46 7% 29%
St. Martinville 2011-2013 0.74 63 8.70 3.00 9% 60%
Thibodaux 2001-2008 3.10 300 20.18+1.74 2.17+0.33 20% 43%

Notes:

Based in assimilation rates estimated at 100 gN/m?-yr and 5 gP/m?-yr in the active assimilation zone.

Mandeville Bayou Chinchuba

Mandeville Tchefuncte Marsh

Area required for active assimilation exceeds the available wetland area.

Size calculated based on “loading rates” from Hunter et al. 2009a and Hunter et al. 2018; may be different than total project area.

Due to uncertainties as to how much of the Breaux Bridge wetlands are actually involved in nutrient assimilation, Hunter et al. 2009b has previously
used 10%, 55% and 100% of the total wetland area to calculate estimated “loading rates”.

7. The “loading rate” is the mass of nutrients applied divided by the total project area. This follows the approach of Nichols (1983) and Richardson &
Nichols (1985).

ok wWwNpRE
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Application to the City of Hammond

As seen in Table C.1, a very small percentage of the 4,047 ha (10,000 acres) defined as the “South Slough
Wetland” (UAA, 2005) is actually involved in the active assimilation zone. This is entirely consistent with
conclusions drawn from Figures 5.8, 5.9, 5.10 and 5.11 of this study, all of which indicate that monitoring
locations outside of the active assimilation zone report background concentrations.

The risk of using the “loading chart” approach is made apparent when one uses the “loading rates” of
Nichols (1983) and Richardson & Nichols (1985) for predictive purposes. The data presented by Hunter et
al. 2018 indicates the N and P “loading rates” for Hammond are 2.39 gN/m%yr and 0.48 gP/m?yr,
respectively.

These numbers are only 6-10% of the internal loadings within the active assimilation zone estimated using
the method of Kadlec, 1997 and Kadlec & Bevis, 2009. If the actual loading rates in the assimilation zone
were as low as those estimated by Hunter et al. 2018, the assimilation zone within Four Mile Marsh should
have only been running at 68% of biomass maximum. This would have been only a moderate “fertilizer
effect” and appears inconsistent with the observations of Lundberg (2008), Figure 6.4, and the marsh
conversion described by Day et al. 2011, Lundberg et al. 2011, Bodker et al. 2015, Shaffer et al. 2015,
Turner et al. 2018, and Day et al. 2019.

Another way to look to examine the situation is to compare the area of Four Mile Marsh immediately
downstream of the effluent distribution pipe (approximately 122 ha, Bodker et al. 2015) with the
estimated size of the active assimilation zone (Table C.2):

Table C.2 — Estimated active assimilation zone areas compared to receiving wetlands

Estimated Active Percentage of Four-Mile Percentage of remaining South
Assimilation Zone, ha Marsh (122) ha Slough Wetlands (3,925 ha)
Year N P N P N P
2006 52 204 43% 100% 0% 2%
2007 76 281 62% 100% 0% 4%
2008 76 281 62% 100% 0% 4%
2009 94 273 77% 100% 0% 4%
2010 96 298 79% 100% 0% 5%
2011 92 238 75% 100% 0% 3%
2012 98 324 80% 100% 0% 5%
2013 128 359 100% 100% <1% 6%
2014 132 357 100% 100% <1% 6%
2015 146 392 100% 100% 1% 7%
2016 143 413 100% 100% 1% 7%
2017 262 619 100% 100% 4% 13%
2018 294 660 100% 100% 4% 14%
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As seen in Table C.2, the percentage of the overall South Slough Wetlands (4,047 ha) involved in N
assimilation increased from 1% in 2006 to 7% in 2018. For phosphorus, the assimilation area increased
from 5% in 2006 to 16% in 2018.

Monitoring locations were established in the UAA based on the assumption that the project area was
10,000 acres (4,047 ha) (UAA, 2005). Consequently, the monitoring locations were spread out to cover
that area, and the baseline review done in the UAA was done in the context of that total area.

Review of Table C.2 makes clear that the most important region of the receiving wetland is the section of
Four Mile Marsh immediately downstream of the effluent distribution pipe. With the benefit of hindsight,
focusing the UAA study in this area, and establishing monitoring locations within the expected bounds of
the active assimilation zone, would have been more beneficial to the project.
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