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DELTA PROGRADATION IN A FLOOD CONTROL RESERVOIR:
A CASE STUDY FROM LITTLEVILLE LAKE,
HUNTINGTON, MA

RACHEL JOHNSON, Carleton College
Research Advisor: Mary Savina

INTRODUCTION

Flooding due to tropical disturbances and spring
snowmelt erodes sediment from upland areas in

the watersheds of Western Massachusetts (Yellen

et al., in review). Some sediment is trapped behind
dams, the coarser fraction of which tends to be
concentrated within the deltas of flood control
reservoirs (Heinemann, 1981; Meade, 1982; Snyder et
al., 2006; Diemer, 2011; Woodruff et al., 2014). The
sedimentary record within reservoirs can help decipher
larger sedimentation processes within watersheds.
Coarse-grained sediments and organics in reservoir
deltas may record flooding and land use signatures
(Ambers, 2001; Snyder, 2006). Deltas within the
flood control reservoirs of Western Massachusetts
remain largely unstudied. This study focuses on

the Littleville Lake delta, located where the Middle
Branch of the Westfield River enters Littleville Lake
near Huntington, MA. Littleville Lake is a flood
control reservoir that was formed with the construction
of Littleville Lake dam in 1962. Delta composition,
stratigraphy, and volume help constrain the origin of
sediments and the ways that sediment is mobilized and
stored at a watershed level. Furthermore, this study
sheds light on the longevity of flood control structures
in the region and makes an inventory of material that
is starved from downstream reaches.

LITTLEVILLE LAKE AND DELTA

Littleville Lake and dam are situated in the Middle
Branch Westfield River sub-watershed within the
Westfield River watershed. Steep slopes, narrow
valleys, and high-density drainage characterize the
region surrounding Littleville Lake. The Middle

Branch Westfield River originates in the temperate
forests of the Peru Wildlife Management area in Peru,
Massachusetts and its corresponding sub-watershed
encompasses an area of 85 km? (Fig. 1). The river
cuts through a deep, preglacial valley, traveling 29 km
and dropping about 470 meters in elevation before
reaching Littleville Lake (USACE, 2014). Ninety-
three percent of the watershed is undeveloped forest
and Littleville Lake dam is the only dam on the river
(Curtis and Zingarelli, 2006).

Delta study
0] site

Littleville
Lake

ghlville Dam
Jam Gkm  1km

Connecticut
River

Springfield

Figure 1. Map showing the Westfield River watershed. Dashed
line indicates Middle Branch Westfield River sub-watershed.
Inset shows watershed position within the state of Massachusetts.
The Westfield River has three main branches: West, Middle,

and East. The Westfield River joins the Connecticut River near
Springfield, MA. Cities of interest are indicated by stars. Red
dots indicate Littleville Lake Dam and nearby Knightville Dam.
Littleville Lake is shown in detail as well as the Littleville Lake
delta study site. Dots within the delta indicate the location of
three cores taken.
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Construction of Littleville Lake dam began in June
of 1962 after the authorization of the Flood Control
Act of 1958 (USACE, 2014). Previously, the Middle
Branch Westfield River ran unimpeded through the
small town of Littleville. Upon the completion of
the dam in October of 1965, sediment settled out in
Littleville Lake creating the Littleville Lake delta.
Normal lake surface area is 1.1 km? and flood storage
of Littleville Lake covers 2 km? and extends 6 km
upstream of the dam (USACE, 2014). Average

daily discharge (Q) of water from Littleville Lake
dam was 174 cfs in 2013 (USACE, 2014). Average
yearly precipitation between 1981 and 2010 at the
neighboring Knightville dam was 115 cm per year
with the greatest precipitation concentrated in the
spring and autumn (NOAA, 2014). Flooding of rivers
in western Massachusetts is caused either by spring
freshets resulting from annual snowmelt or from
individual storm events. The most severe floods in
the region have been caused by extreme precipitation
associated with hurricanes and tropical storm systems
in late summer and fall, such as Tropical Storm Irene
in late August 2011 (Barlow, 2011; Woodruff et al.,
2013; Yellen et al., 2014).

DELTA FACIES AND COMPOSITION

In July 2013, I collected bathymetric data along
transects in Littleville Lake and delta with a StrataBox
sonar operating at 10 kHz and a Mala Ex ground
penetrating radar (GPR) unit with 200 MHz antennae.
GPR transects were processessed using RadExplorer
1.4 software and allowed me to identify appropriate
coring locations to sample interpreted topset, foreset,
and bottomset regions of the delta. On July 17, 2013,
I extracted vibracores from the Littleville Lake delta
at the three sites (Fig. 2). Each core was driven into
the sediment until we reached resistance, which
ranged from 4 m (LTD1) to 6 m (LTD2). Based on
the difference between water depth and length of core
drive, I calculated compaction of each core, which
was less than 20% for each core.

Water and organic content within the cores were
determined by procedures similar to those of Dean
(1974). Organic content percentage and water
content percentages were graphed together to show
the remaining non-organic content percentage. Grain

sizing at select intervals determined percentages of
sediment greater than 63 pm diameter. Together these
data along with qualitative notes and bulk density
scans were used to define six facies and additional
subfacies for the cores (Table 1). These facies include
varying proportions of sands, silts + clays, and
organic materials. By making the assumption that the
three vibracore locations in Littleville Lake delta are
representative of the delta as a whole, it was possible
to calculate each facies as a percent of the total delta.
With these calculations, it becomes evident that facies
1, 3, 4, and 6 comprise the majority of the delta with
facies 3, alternating, layered sand, silt + clay, and
organic layers, representing about 37% of the total
delta volume (Table 1).

Facies Description Location | Density | % Water % % Sand % Delta | Total Mass
(gmlcc) Organic | (>63 pm) | Volume (metric
tons)
1 Uniform, relatively clean LTD3 1.65 - 8-22 0-18 96% 16 397
sand with some sections 21
with more clay + silt.
Silt + clay in fine sand LTD3 1.15- 11-55 0-10 95% 2 49
matrix. 215
3 37 1745
3.1: Organic dominated LTD 1, 1-185 (20-70 0-21 50% (13)
packages of alternating LTD3
organics, silt + clay, and
very fine sand lenses.
3.2: Silt + clay dominated | LTD 1, 1.45 - 275-60 (25-12 | 73% (21)
packages of alternating LTD3 1.9
silt + clay layers with very
fine sand lenses.
3.3: Sand dominated LTD3 1.05 - 20-625 |1-25 78% 3)
packages with 225
alternating fine-grained
sand and organic layers
mixed with silt + clay.
4 18 323
4.1: Uniform, wet, silt + LTD1 1.3-1.5|50-65 3-20 17% (16)
clay matrix with sporadic
organics.
LTD1 0.9- 46 - 56 6-8 50% (2)
4.2: Silt + clay matrix with 1.95
fine sand and organic
leaves, sticks, and woody
debris. Some gaps in
matrix volume.
5 Sand matrix with some LTD1 05- 15-42 0-4 <55% 4 102
clay + silt. Variations in 225
grain size and some gaps
in matrix volume.
Organics consist of pine
needles, leaves, and
roots near bottom.
6 Organic matrix, semi- LTD 2 0.55 - 35-88 4-18 23 389
suspended in water, with 15
some sandier sections.
Organics consist of large
sticks, twigs, pine
needles,
roots, and leaves.

Table 1. Core facies descriptions and compositions (see Figure 2
for core locations).
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DELTA AND LAKE BATYHMETRY

With ArcGIS, I converted bathymetric data and a
2012 USGS topographic map to create an image

of the Littleville Lake delta top (Fig. 2). The delta
can be split into three topographic regions based on
patterns in bathymetry, extending from northeast to
southwest (Fig. 2). Each region corresponds with

a slight widening of the delta. At the transition
between the first two regions, the bottom surface of
the delta drops a few meters and then rises again to
the open, flat surface of region two. In Region 3, delta
surface elevation decreases sharply downstream in an
elongated shape (Fig. 2). Elevations within the first
two regions are relatively constant, with no indication
of a remnant channel. In Region 3, the reservoir has
a generally concave bottom that follows the remnant
Westfield River 1956 channel; surface elevation is
higher at the shores of the reservoir and lower in the
center.

Region 1

Region 2

Surface Elevation
(meters)

Il 157 -158.1
B 156 - 157
B 155- 156
B 154 - 155
Bl 153 - 154
B 152 - 153
[ 151-152
[ 150-151
[ 1]149.7-150

N

Figure 2. Littleville Lake delta surface topography. Dark blues
and purples indicate areas of higher elevation and yellows
represent areas of lower elevation. Three regions of interest are
labeled and indicated by boxes. The three core locations are
shown as green dots. Middle Branch Westfield River in 1956 is
outlined in blue.

SEDIMENT DISTRIBUTION

Using ArcGIS, I converted a topography map from
1956 into a triangulated irregular network (TIN) and
compared it to a TIN derived from a 2012 topographic
map and the collected bathymetry data (Fig. 3). The
difference in elevations across the study area was
used to estimate the volume of sediment in the delta
that has accumulated in the 51-year interval between
when dam construction began in 1962 and 2013. This
method makes the assumption that an insignificant
amount of sediment was deposited in the river
between 1956 and 1965 and is reasonable because the
dam was not completed until 1965. Across an area

of 131,000 m?, a volume of 246,000 m?® of sediment
has accumulated since 1956. This corresponds to an
average sediment thickness in the delta of 1.88 meters.

Sediment has accumulated in the Littleville Lake delta
at an average rate of 4,820 m’ per year between 1962
and 2013. To find the average mass of sediment that
has accumulated in the Littleville delta yearly, I used
calculations of delta composition, bulk density, water
content, organic content, and non-organic content

to calculate the average masses for each facies unit.
The delta has a total mass of 3000 metric tons, which
corresponds to an accumulation rate of 60 T/yr.

An isopach map of the Littleville Lake delta shows
that areas of thickest delta sedimentation (> 5 meters
of accumulation) appear to be preferentially along
the pre-dam Middle Branch Westfield River channel
in Region 2 (Fig. 3). As the reservoir widens, thick
sedimentation in Region 3 tapers off in an elongated
boot shape, extending into the reservoir and also
towards the eastern bank. Conversely, regions of the
delta that have the minimum sedimentation (< 0.9
meters of accumulation) are focused in thin bands on
edges of the delta. Regions where net erosion has
occurred exist on peripheral edges and constitute a
very small percent of total delta area (Fig. 3).
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DISCUSSION

Although flood control reservoirs provide ideal
areas to study watershed sedimentation, deltas in
flood control reservoirs can be very difficult to
study. Variable base level due to drawdowns and
floods complicate reservoir stratigraphy and make
it challenging to interpret sedimentation patterns
and flooding history (Noller et al., 2000; Ambers,
Region 3 2001; Snyder et al., 2006). However, with certain
assumptions, I am able to discuss delta history and
sedimentation patterns.

Sediment Thickness
{meters)

5-59
= 4-5 Figure 4 illustrates my interpretations of the delta
= 2; \ deposit in the context of my understanding of
-2 L reservoir depositional processes. The Littleville Lake
E kS =N\ delta appears to follow the spatial geometry of the
2--1 | Net N traditional Gilbert delta model over the history of
= 2523_ Erosion T 0 km 25km the reservoir. As the delta started to form, coarser

materials like sands and gravels carried as bedload
were deposited rapidly and migrated down-reservoir at
Figure 3. Distribution of sediment in Littleville Lake delta. the delta face as foreset wedges, infilling the incisions
Warm colors indicate areas of net deposition. Cooler colors originally cut by the Middle Branch Westfield River
represent areas of net ergsion. The three core loc.atior.zs are (Gilbert, 1890; Snyder et al., 2006). Finer materials
ZZ?ZVIZZSIEZZZ dots. Middle Branch Westfield River in 1936 is iy o ilts + clays and fine sands stayed in suspension
longer and were carried beyond the delta face, into the
reservoir, before being deposited as bottomset layers
(Gilbert, 1890; Snyder et al., 2006).

River flow
A . Normal Reservoir Waterlevel: 158 m A

Depth (m)
0 Figure 4. Side-profile
of the Littleville Lake
delta front from data
collected in July of
2013. Transect and
core locations are
shown in the top
right image. Colors
indicate different
facies (described in
Table 1). The delta
records a history of
overall progradation
with a period of
retrogradation. Core
LTD 3 is presently
located in the topset

Progradation Retrogradation Progradation

L delta region, LTD 2 is
Factes located at the toeslope
El &2 B of the delta front, and
0 0.25 : LTD 3 is located in the
Distance (km) bottomset region of the
delta.
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Facies interpretation is critical to understanding
sedimentary processes because facies changes record
changing conditions in depositional environments
(Snyder et al., 2006; Diemer, 2011). The Littleville
Lake delta records in the three extracted vibracroes,
a trend of overall progradation as well as smaller
regressions and flood events (Fig. 4). Coring
location LTD 3 indicates a sequence of progradation,
regression, and a second progradation in thick foreset
sand packages (facies 1 and 2) sandwiching layers
of fine sediments and organics (facies 3). Core LTD
2 records an overall progradational pattern into the
reservoir as seen in bottomset toeslope layers (facies
3) overlain by organic layers (facies 6). Core LTD 3
records progradation into the reservoir as bottomset
layers (facies 4) deposited over older, pre-dam
riverbed sediments (facies 5). Cores beyond this
location contain minimal thicknesses of very fine-
grained sediment, as fine-grained sediment is widely
dispersed and only transported to distal bottomset
regions during floods (Gilbert 1890; Snyder et al.,
2006; Dunn, 2014).

The inorganic sediment that makes up the delta could
come from two different sources or a combination

of them: upland glacial tills or riverbank alluvium
sources along the channel of the Middle Branch
Westfield River and its tributaries. If 100% of the
delta material is sand and originated as glacial tills,
about 4,850 metric tons of glacial till would have to
be eroded to construct the delta. This is based on
Newton’s (1978) findings that lower till is composed
of 58% sand and upper till is composed of 66% sand.
Organic material may be stored on upland hillslopes
and be washed downstream by spring floods. Extreme
precipitation events may then erode the organics,
deposit other sediments above, or rework the organic
beds with silt + clays and sands.

Thicknesses of layers within the facies may vary with
intensity and duration of spring floods and extreme
precipitation and reservoir drawdowns (Snyder et

al., 2006; Ambers, 2001). I interpret the Littleville
Lake delta to follow Snyder et al.’s (2006) conceptual
temporal model of delta progradation occurring during
short (day-long) flooding events. Spring floods and
extreme precipitation events deposit dense materials in
the foreset regions of the delta. During these events,

reservoir stage changes dramatically and sediment
suspended in the river settles out at progressively
greater distances from the delta. Delta modification
conversely occurs during reservoir drawdowns that
occur over weeks to months (Snyder et al., 2006).
During drawdowns, sediment is not transported as

far into the reservoir and topset beds are reworked,
transporting sand from topset to foreset regions
(Snyder et al., 2006). Due to these numerous events
and drawdowns, it is difficult to put time constraints
on certain layers within the Littleville Lake delta.
Tropical Storm Irene passed over the reservoir in

late August of 2011; however, no unique signature
from the event is recorded in the delta, such as an
anomalous fine-grained inorganic layer of silts + clays
as described by Woodruff et al. (2013) and Yellen et
al. (2014). This may be because the floodwaters from
Tropical Storm Irene left fine silts + clays suspended
long enough to pass through the dam and move
downstream (Ambers, 2001).

The Middle Branch Westfield River sub-watershed’s
average sediment yield of 57 m*/km?*year, or 0.76
tons/km?/year, as measured by the sediment trapped
in the Littleville Lake delta, is much lower than

that of neighboring watersheds or watersheds of a
similar size (Walling and Webb, 1983; Ambers, 2001;
Yellen et al., 2014). Lower sediment yield may be
attributed to several reasons. First, the assumption
that the Littleville delta has 100% trapping efficiency
may be incorrect. The delta is not composed entirely
of sand, in fact less than 50% of the delta volume

is coarser than 63 pum, and more distal areas in the
lake are receiving transported sand (Dunn, 2014).
Sediment yield values could also be dependent on
extreme rainfall events that export sediment from
postglacial, upland tributaries of the Atlantic Slope
due to instability of upland slopes and channel bank
failure (Ambers, 2001; Yellen et al., 2014). The
Middle Branch Westfield River sub-watershed is 93%
forested and the cover helps protect against erosive
mass wasting events, thus less sediment is eroded. A
lack of ice dam features around Littleville Lake also
suggest that there may be less sediment available to
be transported in the sub-watershed because ice dams
would have blocked glacial meltwater sediments.

A lower sediment yield could also signify that the
river system is out of phase and upland erosion is
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greater than the amount transported (Meade, 1982).
Additional testing on deltaic sediments could reveal
further clues about sediment provenance within the
watershed.

CONCLUSIONS

1. Littleville Lake delta can be classified spatially as a
classic Gilbert model delta that is actively prograding
into the reservoir.

2. The delta is composed of sand, silt + clay, and
organic layers that can be defined as six different facies
with quantifiable volumes and masses of sediment.

3. Temporally, the delta follows Snyder et al.’s (2006)
conceptual model of a flood control reservoir delta
where delta progradation occurs during short (day-
long) flooding events and delta modification occurs
during longer drawdowns (week- to month-long).

4. Although the delta may record individual event
layers, it does not appear to have recorded the fine-
grained signature from Tropical Storm Irene.

5. The Middle Branch Westfield river sub-watershed
has a quantifiable average sediment yield that is
extremely low compared to watersheds of a similar
size. This may indicate unique features about the
sub-watershed and thus investigation at both small
and large scales is needed to understand how sediment
is eroded, transported, and trapped in post-glacial
environments.
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