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Introduction and Purpose
This memorandum was generated as part of Task 4.1.1.4 Rogers Slough to assess the historic and future
no‐project shoaling likely to occur in the vicinity of the mouth of Rogers Slough and determine the
potential for the proposed project to increase shoaling over existing amounts in the vicinity. The analysis
herein is based on an analysis of historical maps and aerial photographs of the area, documented littoral
drift and beach conditions in the project area, along with applied coastal geomorphology. The results
will be used for informing beach nourishment design for the Birch Bay Drive & Pedestrian Facility Project
to maximize project benefits and minimize potential negative impacts.
The primary study area is west and northwest of the main area proposed for beach nourishment;
including the slough area and approximately 1,200 FT to the east and southwest of the mouth of Rogers
Slough in northern Birch Bay. Also included is the low‐lying, developed portion of the uplands west and
north of the mouth of Rogers Slough within and near to Birch Bay Village.
Issues with sedimentation and limited flow in Rogers Slough have been documented by others, including
by Osborn Consulting (2011). Several conceptual drainage alternatives were outlined in the Osborn
Consulting document. This study does not address these alternatives or evaluate the freshwater
hydrology; it is focused on historical and present coastal processes and potential impact of the proposed
beach nourishment project on the mouth of Rogers Slough.

Methods
Saltmarsh, Inlet and Beach Shore Change
An analysis of historical shore change was undertaken using five historical maps and five vertical aerial
photographs (Table 1). An orthorectified aerial compiled from 2013 photography was provided by
Whatcom County in a digital format. T‐Sheet no. 1873, mapped in 1888, was obtained in a rectified
digital format from the Puget Sound River History Group. Bathymetric maps (H‐Sheets) were obtained as
digital scans from the National Oceanic and Atmospheric Administration (NOAA). Quarter quad maps
were obtained as digital images from the United States Geological Survey. The aerial photographs had
been georeferenced to the 2013 base aerial during Task 4.1.1.1, and were used as‐is in this study. The H‐
Sheets and quads were rectified to the coordinate grid shown on each.
The location of mean high water (MHW) was shown on all of the historical maps used in this study. This
line was heads‐up digitized for each map at a scale range of 1:1,200. Both the interior open‐water area
inside Rogers Slough and the surrounding north Birch Bay shoreline were included.
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Table 1. Historical maps and aerial photographs used to determine shore change rate.
Year
1888
1890
1960
1949
1994
1947
1951
1961
1975
2013

Type
T-Sheet no. 1873
H-Sheet no. 2079
H-Sheet no. 8518
Quarter Quad
Quarter Quad
Aerial Photograph
Aerial Photograph
Aerial Photograph
Aerial Photograph
Aerial Photograph

Source
Puget Sound River History Group
NOAA
NOAA
USGS
USGS
Whatcom County Archives
Whatcom County Archives
Whatcom County Archives
Whatcom County Archives
Whatcom County Planning

Format
Rectified digital map
Scanned chart
Scanned chart
Scanned map
Scanned map
Large format print, scanned
Large format print, scanned
Large format print, scanned
Large format print, scanned
Rectified digital image

Intertidal Bay Shore Change
Digital point files representing the soundings in the 1890 and 1960 H‐Sheets were obtained from NOAA.
CGS archives include surface contours and other data generated using photogrammetry by Walker and
Associates representing 2001 conditions. Bare‐Earth LiDAR data by the USGS in 2006 was also obtained.
Surface models of the topographic and bathymetric data were created in Autocad Civil 3D for
comparison between years. The data sources were in various datums, which were converted to NAVD88
using all available documentation. Once in a common datum, surface comparisons were undertaken in
Civil 3D, and the results used to determine the relative change over time.

Results
Salt Marsh and Inlet Shore Change Trends
By 1888, when the first T‐Sheet was mapped in the area, the low‐lying area landward of Rogers Slough
had already been extensively ditched and converted to grassland (Figure 1). What appears to have been
sinuous tidal channels remained in the grassland area, although these appear to have been isolated
from the marine waters by solid fill or tide gates by 1888. Prior to development, it is very likely that the
entire low elevation grassland area was tidally influenced and dominated by saltmarsh vegetation. The
total mapped area, including both the grassland and small amount of saltmarsh that remained
measured 185.7 acres (Table 2).
Table 2. Historical drainage areas for Rogers Slough, 1888 to 1994.
Year
1888
1949
1994

Area (acres)
185.7
43.9
16.0

% Reduction Since 1888
0
76
91

Source
T-Sheet no. 1873
USGS Quarter Quad
USGS Quarter Quad

The earliest USGS quarter quad found for the area was 1949, which showed at least a portion of the
grassland area with salt marsh hatching (Figure 2). The total area of salt marsh was measured at 44
acres, less than one‐quarter the pre‐development area (76% of the 1888 area). Further development of
the area included extensive dredging and filling to create a marina within the former salt marsh area,
house sites, and a series of ponds in the eastern portion of Birch Bay Village soon before 1975 (Figure 3).
It appears that the ponds in the area in 1975 were isolated from daily tidal flow. There was also an
apparent shift in the flow of surface water to the ponds rather than into Rogers Slough (Figure 3). By
1994, the USGS quarter quad showed the salt marsh area was reduced to approximately 16 acres, a 91%
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reduction in surface area since the interpreted pre‐development conditions (Table 2). This represents a
dramatic reduction of the overall tidal prism as well as the drainage area, and a corresponding dramatic
reduction in the flow and scour capacity in the inlet at the mouth of Rogers Slough. This would have
caused a tendency towards increasing sedimentation (deposition) into the remaining slough area at the
far north end of the bay. The very narrow remaining opening at the northeast end of the modified spit
was reduced by more than 80% as compared to 1961 conditions.

Beach Shore Change
Beach Planform

To the east of Rogers Slough the beach appeared to have changed very little since 1888 until the large‐
scale development of the adjacent Birch Bay Village area in the 1970’s (Figure 3). The beach remained
relatively narrow through most of the years until between 1961 and 1975, at which point the backshore
appears to be somewhat wider. The 2013 aerial photograph shows additional widening of the
backshore. This may be due to the conversion of the natural tidal saltmarsh to the present‐day
controlled level lagoon that occurred in the mid‐1970’s. The reduction of tidal flow through the slough
would lead to a reduced flushing of sediment to deeper water during ebb tide.
The beach orientation east of the mouth of Rogers Slough is toward Cherry Point, angled slightly away
from the longest fetch of approximately 25 miles to the southwest. The incoming wave angles in the
study area are therefore likely to come in parallel to shore or slightly oblique towards the
right/northeast, resulting in a very low potential for littoral sediment transport in the area, with some
tendency for transport to the east. Refer to the wave modeling report (ESA 2015), which had the same
conclusions.
Beach Sediment

Beach sediment observed in the northeastern reach of Birch Bay near Rogers Slough varied significantly
from sediment in the remainder of the study area (CGS 2015). This reach is in the down‐drift end of the
drift cell which runs through the study area. Sediment just east and southeast of Roger Slough was
composed of fine to coarse sand with minimal small pebble, in addition to considerable volumes of
detached eelgrass and other organic wrack deposits. This was a stark contrast to beach sediment
starting approximately 600‐1,000 FT southeast of Rogers Slough where pebble (gravel) with lesser
amounts of coarse sand dominated the remainder of the intertidal beach.
The beach southwest of Rogers Slough, fronting Birch Bay Village, is within a different drift cell. This
beach has undergone the most change since 1888. Between 1888 and 1960 the spit fronting a large
backshore marsh and lagoon accreted waterward and northeastward (Figure 4). By 1972 however, much
of the backshore had been filled and converted for development of home sites and ponds at Birch Bay
Village. Additional progradation (accretion/extension of the tip of the spit) of the spit towards the
northeast can be seen in both the location of MHW in the 2006 LiDAR and in the 2013 aerial imagery,
with as much as 80 FT of northeastward spit progradation between 1994 and 2006 into the mouth of
Rogers Slough (Figure 4). The 2006 LiDAR may have mapped MHW further waterward than it really was
as accreted logs and organic debris would tend to show up as the ground instead of actual ground
survey shots. Overall, this progradation shows that the spit is prograding under current conditions and
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likely decreasing tidal flow in the inlet in the absence of substantial beach nourishment on the east
shore of the bay.

Intertidal Bay Shore Change
The early maps examined for this study were found to be of insufficient accuracy for detailed
examination of changes in bathymetry. The 1890 H‐Sheet was the primary map available. This map
contained a number of hard‐to‐interpret items, including a datum shift and contour lines added several
decades after the map was completed. These discrepancies, along with the known inaccuracies due to
sparse spatial control and lack of an accurate tidal datum make this map product potentially misleading.
The 1960 NOAA H‐Sheet was directly compared to the 2006 Lidar. Figure 5 shows the surface change
comparison, which was limited to the bay area generally 1,000 to 3,200 FT waterward of the MHW
shore. Data in this area shows erosion in the lower and more distant areas from shore, generally less
than 1 FT, with some of the area on the order of 1 to 2 FT lower. However, the area slightly closer to
shore showed a limited area of accretion as well as areas of no change. These data show that neither
rapid erosion nor accretion is occurring just offshore.
The 2001 photogrammetry data from Walker and Associates, collected for an earlier stage of this
project, was compared to the 2006 Whatcom County LiDAR. A surface change map was made from
these data (Figure 6). The majority of the intertidal sand flats were shown as accreting between 0.25
and 1.0 FT, with accretion also shown across a large majority of the upland edge waterward of the road.
The fact that even the uplands were shown as accreting in most areas in one of these data sets may
have been biased. Only limited areas of erosion are shown in what appears to be the intertidal beach
and also in one location several hundred feet waterward of the Rogers Slough mouth. These data are
not overly conclusive but minimal change appears to have occurred waterward of the Rogers Slough
mouth in this short five‐year period.

Conclusions
The Rogers Slough area has experienced substantial amounts of change in natural conditions prior to
development and to a greater degree, during several stages of anthropogenic change. The natural
changes appear to have been progradation of the spit from southwest to northeast, with associated
narrowing of the opening at the far northern extent of Birch Bay. More dramatic changes occurred with
early site development prior to 1888 at the time of the earliest mapping, when a series of dikes and
ditches was present landward of the original spit along the western shore (Figures 1 and 3). This and
subsequent development greatly reduced the tidal prism landward of the general shore alignment,
which in turn decreased the volume of water moving in and out of the Rogers Slough area. This appears
to have substantially decreased channel scour and the ability for the tidal flow to maintain a dynamic
open channel area and allow for drainage of water in the line of the beach, particularly during heavy
precipitation events which occur at high tide. Development greatly accelerated in the early 1970s, as
evidenced by the significant amount of dredging and filling in the 1975 aerial photo (Figure 3), which
was taken during the period of filling and grading.
It is of fundamental importance that the angle of wave approach at the north end of the east shore
beach does not appear to be able to transport beach sediment from the north end of the east shore of
Birch Bay westward into the mouth of Rogers Slough. As shown in Figure 3, the nearshore sand and
gravel bars appear to be moving northeastward, moving onshore directly towards the northern reach of
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the east shore beach. This is in full agreement with wave modeling conducted by ESA for this project,
which showed that waves transformed onto the beach just east of Rogers Slough reach the shore with a
slightly oblique angle that would create a short reach of slightly southeastward sediment transport. It is
also consistent with shore change data presented earlier in this memo which showed a much more
active and generally accretional shore west of the Rogers Slough mouth as compared to east of the
mouth.
Trends observed in the bathymetry comparisons from 1960 on and in the 2001 – 2006 period were not
conclusive. Data showed that the deeper comparison areas appear to have been erosional, with minor
accretion in intermediate depths. The more recent comparison period had some question as to their
accuracy, but did not seem to show measurable accretion just offshore of the Rogers Slough mouth.
With all of the above observations in mind, it appears that littoral sediment transport along the east
shore of Birch Bay shore is mostly diminished prior to reaching the mouth of Roger Slough. Minimal
change was observed along the northwest end of the drift cell. Issues outlined with problems of
drainage in the Rogers Slough area appear to mostly have been impacts of changes in the upland land
uses and freshwater flow, along with natural changes to the beach area just southwest of the mouth of
Roger Slough, the down‐drift end of the drift cell fronting Birch Bay Village. It is concluded that the
substantial amount of beach nourishment under consideration for eastern Birch Bay shore centered on
the more urbanized portion of the bay, possibly extending to the Cottonwood parking lots, would not be
likely to impact the Rogers Slough mouth.
Coastal Geologic Services

Jim Johannessen, Licensed Engineering Geologist, MS
Principal
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Figure 1. T‐Sheet no. 1873 showing conditions mapped in 1888 around northern Birch Bay
Figure 2. Historical tidal areas for the Rogers Slough saltmarsh area
Figure 3. Historical maps and aerial photographs of the Rogers Slough area in northern Birch Bay
Figure 4. Location of mean high water in northern Birch Bay, 1888 to 2006
Figure 5. Surface change analysis for northern Birch Bay, 1960 NOAA H‐Sheet to 2001 photogrammetry.
Figure 6. Surface change analysis for the beach and low‐tide terrace in northern Birch Bay, 2001
photogrammetry to 2006 LiDAR.
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Figure 1. T-Sheet no.1873 showing conditions mapped in 1888 around northern Birch Bay.
Grassland and grassland fenced appear to be converted saltmarsh, which had been diked and drained by 1888.
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Figure 2. Historic tidal areas for the Rogers Slough saltmarsh area (approximate)
based on on 1888 T-Sheet no. 1873 (shown), 1949 USGS quarter quad, and 1994 USGS quarter quad.
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Figure 3. Historical maps and aerial photographs of the Rogers Slough area in north Birch Bay.
All aerial photographs courtesy Whatcom County except 1947 courtesy US War Dept.
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Figure 4. Change in MHW at the mouth of Rogers Slough 1888 to 2006.

Data Sources: 1888 T-Sheet courtesy Puget Sound River History Group; 1890 and 1960 H-Sheets courtesy NOAA; 1949 and 1994 Quarter Quads courtesy USGS;
1947, 1951, 1961, and 1975 aerial imagery courtesy Whatcom County Archives; and 2013 aerial (shown) courtesy Whatcom County Planning
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Figure 5. Surface change analysis for northern Birch Bay, 1960 NOAA H-Sheet to 2001 photogrammetry.
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Figure 6. Surface change analysis for the beach and low-tide terrace in northern Birch Bay, 2001 photogrammetry to 2006 LiDAR.
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