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TECHNICAL MEMORANDUM

DATE: February 24, 2015
To:  Jan Bowers, Chester County Water Resources Authority (CCWRA)
By: Paul G. Schweiger, P.E., CFM, Andrzej Kulik, E.L.T, CDT

RE: Canal Investigation Summary

The purpose of this memorandum is to provide CCWRA with a written summary of observations
made by Paul Schweiger, P.E. and Andrzej Kulik, E.I.T. during their assessment of the remnants
of the old mill canal beginning at the left abutment of Brandywine Dam, to the shallow lake
system in Kardon Park, and ending at the point where the flow returns to East Branch
Brandywine Creek.

Description of Canal and Lakes:

When the paper mills in Downingtown were in operation, Brandywine Dam was used to divert
water from the East Branch Brandywine Creek and from Ludwig’s Run into a canal through two
intakes (inlets) at the left (east) concrete dam abutment wall. The original canal conveyed water
by gravity into a series of four man-made lakes in Kardon Park, and then into a bypass canal
around the southern lake (most downstream lake). From the bypass canal, the flow is discharged
through a buried conduit through the Borough of Downingtown and outlets at the left bank of the
East Branch Brandywine Creck below Business Route 30 (across the stream from the Borough
Hall parking lot). The paper mills reportedly used the water from the lakes and the canal to
support paper milling operations. An aerial map of the canal accompanied by inspection
photographs and survey elevations taken during the June 24, 2014 assessment is provided in
Appendix A. No as-built or record drawings of the original canal system are available.

Inspection Overview:
Note: Photos are located in Appendix B.

On May 31, 2013 and June 24, 2014 Gannett Fleming performed two separate walkthrough
inspections of the canal, starting at the Brandywine Dam left abutment wall (canal intake) and
ending at the confluence of the canal with the East Branch Brandywine Creek. The total length
of the canal, from intake to outlet, is approximately 2 miles, with 0.5 miles from intake to the
northernmost lake in Kardon Park, identified as Lake 5. Approximately 75% of the total path of
the canal was traversed by foot. The 25% of the canal not traversed included locations of dense
vegetation and the buried conduit through the Borough of Downingtown.

During the May 31, 2013 inspection, flow was observed entering the canal through the two
square openings in the intake headwall (Photo 3). USGS Stream Gauge 01480700 upstream of
Brandywine Dam located on the East Branch Brandywine Creek registered an average discharge
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of approximately 95 CFS for the day. During the June 24, 2014 inspection, the bottom of the
sediment filled intakes of the canal, as surveyed on June 24, 2014, were at approximately
elevation 250.22 feet NGVD 1988. The same USGS stream gauge registered a flow of 80 CFS.
No flow was observed entering the canal through the intake structure (Photo 4). A survey of the
canal immediately downstream of the intake structure identified an approximately 6 inch deep
deposit of newly accumulated sediment and gravel as comparison to the survey performed in
July 2013 (Photo 5). The accumulated sediment and gravel appears to have been transported
from a scour hole observed immediately downstream of the concrete slab beneath the Struble
Trail bridge crossing over Ludwig’s Run. On May 31, 2013 when flow was observed entering
the canal, discharge in the canal was estimated by Gannett Fleming using approximate methods
at the Struble Trail bridge, approximately 950 feet downstream of the intake, to be 0.30 CFS
(Photo 10).

Approximately 170 feet downstream of the canal intake, the top of a concrete sill was identified
along the right side of the canal channel, looking downstream (Photfo 8 and 9). Flow was
observed overtopping the concrete sill and returning to the East Branch Brandywine Creek on
May 31, 2013. The top of the concrete sill was surveyed and determined to be at elevation
250.37 feet NGVD 1988. It is important to note that the concrete sill limits the amount of flow
conveyed by the canal. Per the June 24, 2014 survey, the top of the concrete sill is only 0.15 feet
(250.37 feet minus 250.22 feet) higher than the bottom of the canal intakes.

On May 31, 2013 flow in the canal was observed from the intakes to the upstream side of the
Struble Trail bridge. Downstream of the bridge, and before the Route 30 crossing, two
stormwater culverts were observed to have their discharges located within the bounds of the
canal. One of the culverts is shown in Pheto 14. Four corrugated metal pipe culverts that
transport canal flow beneath Route 30 were noted to have approximately 50% of their cross-
section areas filled with sediment deposits (Photos 12 and 13). Water was observed ponded in
the forebay of the four culverts, but no concentrated flow was observed entering or emerging
from the culverts beneath Route 30.

Standing water was observed in the canal from Route 30 downstream to the crossing at Norwood
Road, on May 31, 2013 and June 24, 2014. A stormwater discharge ditch located adjacent to
Norwood Road discharges into the canal immediately upstream of Norwood Road (Photo 15).
Two concrete culverts that convey canal flow beneath Norwood Road were observed to have
approximately 75% of their cross-sectional areas filled with sediment deposits (Photos 16 and
17). On May 31, 2014 flow was observed to be trickling into one of the conduits beneath
Norwood Read (no flow was seen entering on June 24, 2014); no flow was observed exiting the
conduits downstream of Norwood Road. Water was observed in the stretch of the canal from
downstream of Norwood Road to Lake 5 on May 31, 2013 and June 24, 2014, however this
water could not be distinguished from standing water or backwater from Lake 3.

A partially submerged conduit appears to transport water from Lake 5 into Lake 4. A well-
defined canal with standing water as observed on May 31, 2013 and June 24, 2014 conveys
water between Lake 4 and Lake 3. The banks along this portion of the canal are densely
vegetated. Wood debris was observed within the canal. The bottom of the canal is comprised of
soft mud and organic matter (i.e. leaves, branches). A narrowing of the lake shoreline occurs
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between Lake 3 and Lake 2. Lake 3 and Lake 2 may be viewed as a single lake with a
contraction in the middle, instead of two lakes being connected by a canal. Water feeding
Lake 3 and Lake 2 may include water from the canal, springs, surface runoff and groundwater
interflow. Water from Lake 2 exits through a concrete weir (Photo 19) and continues
downstream through two concrete culverts beneath East Pennsylvania Avenue (Photo 20).

On the downstream side of East Pennsylvania Avenue, water ponds in the bypass canal which
conveys water around the southern lake (Lake 1) and into a conduit that passes under the
Borough of Downingtown before discharging into the East Brandywine Creek. The depth of
water in the bypass canal is controlled by a small concrete spillway structure (crest at
Elevation 247.08 feet) near the intersection of Green Street and Mill Road, immediately
upstream of the inlet to the buried culvert. Water from the bypass canal enters Lake 1 through a
pipe that passes through the earthen berm just downstream of the culverts beneath
East Pennsylvania Avenue. Type and size of pipe is unknown as it was almost fully submerged
and covered with debris during both site assessments (Photo 21}. Overflow from Lake 1
discharges into the bypass canal at the south end of the lake through two high density
polyethylene (HDPE) pipes (Photos 22 and 23). During the May 31, 2013 inspection, when
flow from East Branch Brandywine Creek was observed to be entering the canal, ponded water
was observed in the bypass canal only at the north end of the lake. The bypass channel did not
have any ponded or flowing water along the southeast and south ends of the lake. During this
inspection, the discharge from the downstream HDPE pipe was measured at 0.03 CFS. The
upstream HDPE pipe had no flow. During the June 24, 2014 inspection, with no flow from East
Branch Brandywine Creek entering the canal, water in the bypass canal was observed along the
entire length of the bypass canal to the top of the concrete spillway crest at Elevation 247.08 feet
(Photo 25). Discharge from the two HDPE pipes could not be measured as they were partially
submerged (Photo 24). This suggests that alternative sources such as springs, surface runoff and
groundwater interflow, instead of flow from East Branch Brandywine Creek are contributing
flow to Lake 3 and Lake 2, which feed the bypass canal, which in turn feeds Lake 1.
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Summary of Observations and Conclusions:

Based on the observations made during the two field assessments, the following is concluded:

1.

Due to natural processes associated with stormwater, flooding, river overflows and road
construction (e.g. Route 30 bypass, Norwood Road and other borough streets), the canal
has lost significant conveyance capacity and function. The current condition of the canal
does not provide reliable or effective conveyance of flows from East Branch Brandywine
Creek into the manmade lakes at Kardon Park. The canal’s current function appears to be
a drainage channel for local stormwater drainage.

Bedload deposits (i.e. sediments and gravels) have accumulated throughout the canal
resulting in: (1) near total blockage of the inlet openings to the canal from the
East Branch Brandywine Creek, (2) loss of gradient through the canal to promote positive
flow, (3) partial to total blockage of culverts under Route 30 and Norwood Road and,
(4) continued bedload deposition, patticularly at the inlet structure and in the canal
channel immediately downstream of the inlet. Even if blockage is removed from the
culverts, accumulated sediment along the canal and other features will restrict the
capacity of the canal.

Accumulation of a significant volume of sediment and gravel deposits at the entrance to
the canal and in the canal channel immediately downstream of the intake structure was
observed to have occurred within the period between the two site visits. These deposits
restrict the flow from entering into and flowing through the canal. It appears that
sediment deposits will continue to be diverted into the canal from Ludwig’s Run and East
Branch Brandywine Creek during high flows while the dam remains.

The canal gradient from the intake headwall at the dam to the southernmost Lake 1 is
very small (i.e. nearly flat). Survey elevations of 250.22-feet, 248.39-feet, and 244.60-
feet, were measured at the canal entrance invert, culvert invert beneath Route 30, and
culvert invert beneath East Pennsylvania Avenue respectively, indicating a gradient of
only 0.13%.

A shallow concrete sill located on the right bank of the canal approximately 170 feet
downstream of the canal creates a low point along the canal sidewall that limits the flow
conveyed by the canal by allowing overflow to discharge back into East Branch
Brandywine Creek. Therefore, increasing the flow into the canal through the upstream
intake would not materially increase the flow conveyed in the canal to the downstream
lakes unless the concrete sill was raised or the channel was deepened along the entire
length of the canal.

The culverts (four at the Route 30 road crossing and two at the Norwood Road crossing)
that convey canal flow were observed to be partially to completely obstructed with
sediment deposits.

Sections of the canal are overgrown with dense briers and woody vegetation. Wetlands
appear to have developed along portions of the channel.

Stormwater runoff entering the canal downstream of the Struble Trail bridge appears to
be the primary source of flow carried by the canal into Lake 5. Little flow, if any, from
the East Branch Brandywine Creek and Ludwig’s Run appears to be reaching the
downstream lakes during normal flow conditions.
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When the flow in East Branch Brandywine Creek was 80 cfs, no flow was observed
entering the canal through the intake structure at the dam. CCWRA observations indicate
that higher flows can result in inflow through the inlet into the canal, but remain
insufficient to convey flow beyond the Struble Trail bridge culvert. Flows conveyed
from the East Branch Brandywine during high flows (that do not spill over the concrete
sill) are augmented by stormwater flows from the culverts upstream of Route 30 and
upstream of Norwood Road. These intervening flows provide intermittent flow to
Lake 5, but also carry nutrients and other stormwater pollutants into the lake.

Returning the canal to its original as-built condition does not appear to be possible
without substantial redesign and modification of the inlet, dredging along the canal and
modifications to the downstream culverts.

o Road crossings, channel relocations, weirs and other structures appear to have
been installed or modified along the canal since it was constructed. The invert of
the culverts under road crossings appear to be higher than the original design
invert of the canal. These structures appear to control the conveyance capacity of
the canal during low flow conditions.

o Removal of the dense vegetation and sediment deposits throughout the canal
would require a permit as the canal would likely be classified as a wetland
feature.

o Modification of the canal would require ensuring that adjacent properties would
not be negatively impacted by flood flows.

o Underground utilities located within the underground conduit in the Borough of
Downingtown would need to be evaluated to determine their integrity to handle
more flows, if modifications were made to the canal.
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APPENDIX A

Aerial Map of Canal
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APPENDIX B

Photographs
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Photo 1 (06/24/14): Ludwig’s Run and East Branch Brandywine Creek Confluence
(Looking Downstream)

Photo 2 (06/24/14): Two Intakes into Canal
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Photo 4 (06/24/14): Downstream End of Canal Intake (Looking Upstream)
(Note Change in Silt Accumulation from 05/31/13)
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Photo 5 (06/24/14): Immediately Downstream of Canal Intake (Looking Downstream)
(Note Silt Accumulation)
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Photo 7 (06/24/14): Canal ~50-FT Downstream of Canal Intake (Looking Downstream)
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Photo 9 (05/31/13): Close-up of Concrete Sill
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Photo 11 (06/24/14): Struble Trail Crossing Over Canal (North of Route 30)
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Photo 12 (05/31/13): Corrugated Metal Pipe Culverts Beneath Route 30

.gj;; -a‘;‘

.*‘-. v
¥ 1

- *;,!:zsﬁ-méﬁ.‘ﬂﬁs~?ﬂ
Vit 1
3 s

e ’ | X i o> e
- o ki e A i P

s M

Photo 13 (06/24/14): Corrugated Metal Pipe Culverts Beneath Route 30
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Photo 15 (05/31/13): Example of Stormwater Discharge into Canal
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Photo 16 (06/24/14): Intake Side of Concrete Culverts Beneath Norwood Rd.
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Photo 17 (06/24/14): Discharge End of Concrete Culverts Beneath Norwood Rd.
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Photo 21 (06/24/14): Pipe Feeding Lake 1 (Downstream of E. Pennsylvania Ave.)
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Photo 23 (05/31/13): Downstream HDPE Pipe from Lake 1 to Bypass Canal
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Photo 25 (06/24/14): Bypass Canal Spillway Leading to Underground Canal
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Kardon Park Ponds and Mill Race
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Chris Reitman Analysis
Works for firm borough used for Progressive Housing Project

Barry, |did a little bit more research on the flood storage concept at Kardon Park. A snip from the FEMA
map is provided below (Next Slide). This snip is from before the dam was removed, so | suspect the flooding
may be a little worse.

Most of the storage at the Eark is between 247 and 250 and the adjacent flood elevation of Brandywine
Creek is 238.5 to 244. Although the set up is nice with Mill Race, | do not think the hydraulics work for the
concept we discussed because Kardon Park is too high and water would want to flow downstream within the
existing flood zone where there would be more flood capacity/water storage space.. As we discussed when
we were there, | do not think you can remove soils to create more air space at Kardon Park either, because
of the high groundwater table. Given this new information, | do not think this approach has merit for any
further evaluation.

| do like the idea, and if you have any other thoughts or suggestions which should be considered | would be
happy to talk them over with you.

As a side note, the flood map does show how isolated the Kardon Park ponds are. The ponds don't seem to
be fed by much overland flow. It may be possible to divert Ludwigs run and direct it through the ponds
using the mill race, which would take a little bit of pressure off the Brandywine and help make the isolated
Kardon Park ponds healthier. If this is something you are interested in let me know and we could talk about
it, but it may not have a significant impact on the flooding.
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