
Case Study 

Streamflow Distribution 
in the Jones River Basin 

For stream/low distribution 
estimates to be more accurate, 
they must take into account 
hydrogeologi,cal conditions as 
well as being based on surface
drainage area. 

DAVID G. JOHNSON 

S TREAMFLOW DISTRIBUTION in a 
small drainage basin can be signifi
cantly influenced by geologic controls. 

In some instances, flow may not be propor
tional to the drainage area and the percent 
yield from subbasins may vary considerably. 
Water resources engineers, managers and 
planners should take note of the importance 
of geologic controls on streamflow distribu
tion within river basins. 

In 1983, a study was undertaken by the 
Massachusetts Office of the U.S. Geological 
Survey (USGS), in cooperation with the Mas
sachusetts Division of Water Resources, to 
determine the distribution of streamflow, 
under base-flow conditions, in the Jones River 
basin in southeastern Massachusetts. The 
Jones River is located 25 miles southeast of 

· Boston and 5 miles northwest of the town of 

Plymouth (see Figure 1). Its drainage area 
covers 20.0 square miles above the USGS gag
ing station at Kingston, including 4.09 square 
miles that drain into Silver Lake. During low
flow periods in late summer, the Silver Lake 
water level declines since its waters are 
diverted for municipal water supplies for the 
nearby towns of Brockton, Whitman and 
Hanson at the rate of about 16.4 cubic feet per 
second per day ((ft3/s)/d). Therefore, the 4.09 
square mile area above the lake's outlet was 
excluded from this study. The Jones River 
drains into Kingston Bay on Cape Cod Bay. 
Cranberry bogs and swampy areas dominate 
the landscape in this semi-rural area. In 
general, vegetation adjacent to the streams 
consists of low, dense shrubs and brush. Var
ious pines predominate further away from the 
streams. 

Discharge measurements were made at 
several locations on the Jones River and near 
the mouths of its major tributaries during 
low-flow periods in the summer of 1983 in 
order to determine streamflow distribution. 
This information was needed to estimate the 
need for conservation releases from a pro
posed water-supply reservoir in the Pine 
Brook subbasin. Stream yields were not 
expected to be proportional to surface drain
age areas at low flows because of local varia
tions in soil permeability, geology and differ
ences between surface water and ground-
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FIGURE 1. The location of the Jones River basin study area and measurement, sites. 
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FIGURE 2. Comparison of 1983 monthly precipitation totals with mean monthly totals for the 
precipitation gage at Plymouth recorded over 95 years. 

water divides. 

Conditions 
Sets of streamflow measurements were made 
August 2, 22 and September 12, 1983. For this 
basin, base flow was assumed to have been 
reached at least three days after a precipita
tion event. A very wet spring contributed to 
high groundwater levels throughout the 
summer. Monthly precipitation totals for the 
period of January to September 19831 were 
compared with mean monthly totals for the 
same months for the past 95 years2 as 
recorded by a National Oceanic and Atmos
pheric Administration precipitation gage 
located four miles southeast of the study area 
in Plymouth (see Figure 2). Groundwater lev
els are illustrated in Figure 3, which compares 
the 1983 monthly groundwater level observa
tions with the average observed monthly lev
els for the same months since October 1956 at 
the Plymouth 22 observation well six miles 
south of the study area.3 This 42-foot deep 
well is in a water-table aquifer consisting of 
glacial outwash. 

During this period, streamflow was 
higher than the historical average streamflow 
recorded at the U.S. Geological Survey gaging 

station on the Jones River at Kingston (see 
Figure 4).4 Mean monthly discharges for 1983 
were compared with the average mean 
monthly discharges recorded since August 
1966. The mean monthly discharges for 
August and September 1983 were 21.4 and 
17.8 cubic feet per second (ft3/s), respectively; 
whereas the median recorded monthly dis
charges for these same months were 16.0 and 
1.7 ft3/s since August 1966. 

Duration of flow at the U.S. Geological 
Survey gage on the Jones River at Kingston 
(the Kingston gage) was determined for the 
measurements that were made in order to 
show the percentage of time that these mea
sured discharges were equaled or exceeded 
historically. Duration of flow can yield a pers
pective of how measured flow compares with 
the historical flow records without having to 
give consideration to seasonal variations in 
flow. Figure 5 shows a flow-duration curve of 
the Jones River at Kingston with the mea
sured discharges of the study period plotted 
on the curve. This curve was based on the 
mean daily streamflow discha,rge record col
lected from August 1966 to September 1983. 
The duration of flow of the Jones River at the 
time of the streamflow measurements was 60, 
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FIGURE 3. Comparison of 1983 monthly groundwater level observations with average monthly 
groundwater level observations since October 1956 for the Plymouth 22 observation well. 
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FIGURE 4. Comparison of 1983 monthly mean discharge with average monthly mean 
discharges since August 1966 for the Jones River near Kingston. 
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FIGURE 5. Flow duration curve for the Jones River near Kingston. 

65 and 75 percent on August 2, 22 and Sep
tember 12, respectively. 

Surface runoff is generally low and infil
tration capacity is high in the Jones River 
basin because of the low topographic relief 
and soil composition of the area. The topo
graphy is flat to gently sloping. The basin is 
composed of approximately 95 percent strati
fied drift that consists of permeable sand or 
gravel, underlain at shallow depth in some 
places by layers of less permeable silt and 
clay.5 The permeability of surficial sand or 
gravel is 100 or more times greater than till or 
bedrock.5 Evapotranspiration in the area 
averages about 22 inches per year, of which 
about 4.1 inches and 2.8 inches occur in 
August and September, respectively.5 

Base-Flow Measurements 
Streamflow measurements were made at nine 
sites along the Jones River and its tributaries 

• 

on August 2, 22 and September 12, 1983. The 
locations of these measurement sites and their 
respective drainage areas are shown in Figure 
1. Sites were selected at, or the near mouths 
of, tributary streams in order to assess their 
flow contributions above the Kingston gage. 
Additional sites at intermediate points along 
the main stem were selected to provide 
information on the intervening areas. Site 
selection was difficult because of the swampy 
nature of the area and the potential for irriga
tion pumpage across the drainage subdivides. 
Swampy conditions limited the number of 
potential measuring sites considerably be
cause there were few reaches where the flow 
was confined to a single channel, or to a few 
channels in a small area, instead of flowing in 
multiple channels through wide, low, grassy 
areas. The cranberry bog area contained irri
gation pipes that crossed drainage divides. 
These pipes, if in use, could divert water 
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TABLE 1 

Summary of Base-Flow Measurements at Selected Sites 

August 2, 1983 

Percentage Discharge Percentage 
Drainage of total in cubic of 

Site Station Stream name area in drainage feet per total 
no. no. & location square miles area second discharge 

011058561 Jones River below 
outlet of Silver 
Lake, near 
N. Plympton 0.09* 0.6 0.06 0.3 

2 011058565 Jones River 
tributary near 
N. Plympton** 

3 01105857 Jones River 
at N. Plympton 0.65* 4.1 0.64 3.2 

4 01105859 Pine Brook near 
N. Plympton 4.72 29.7 1.25 6.3 

5 01105861 Jones River Brook 
near Kingston 4.75 29.9 2.44 12.3 

6 01105862 Jones River 
near Kingston 10.6* 66.7 3.35 16.8 

7 01105863 Jones River 
tributary near 
Kingston 0.62 3.9 

8 01105869 Furnace Brook 
at Kingston 2.23*** 14.0 3.20 16.1 

9 01105870 Jones River 
at Kingston 15.9* 100.0 19.9 100.0 

*Excludes 4.09 mi.2 above the outlet of Silver Lake, from which flow is diverted for municipal water supply. 
**All data included in Site 5 due to unknown pumping to and from cranberry bog pond. 
***Topographic or surface-drainage area only, additional groundwater drainage area of about 0.9 mi.2 not included. 

across the divides. Therefore, sites were 
selected to minimize such complications. 

Measured discharges were compared to 
the drainage areas of the measurement sites, 
and to the discharge and drainage area for the 
Kingston gage (see Table 1). Similar compari
sons were made for the intervening areas (see 
Table 2). The intervening areas are presented 
to demonstrate flow contributions from areas 
along the main stem. The intervening flow 
contributions were determined by subtracting 
the measurements for subdrainages upstream 
from those of the main stem sites; the results 
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were the intervening contributions. 
Because streamflow might be expected to 

vary directly with the size of the area from 
which it drains, flow from large and small 
areas was compared by converting the total 
flow from each area to flow per square mile of 
drainage area, with the resulting unit dis
charge expressed in cubic feet per second per 
square mile. Because streamflow is sustained 
primarily by discharge from groundwater 
storage during base flow, large unit discharge 
values represent large amounts of ground
water discharge and small values represent 



August 22, 1983 September 12, 1983 

Cubic feet Discharge Percentage Cubic feet Discharge Percentage Cubic feet 
per second in cubic of per second in cubic of per second 
per square feet per total per square feet per total per square 
mile second discharge mile 

0.67 0.07 0.4 0.78 

.98 0.62 3.5 0.95 

0.26 1.83 10.3 0.39 

0.51 4.63 26.0 0.97 

0.32 6.03 33.9 0.56 

0.04 0.2 0.06 

1.43 3.30 18.5 1.48 

1.25 17.8 100.0 1.13 

small amounts of groundwater discharge. 
Although Pine Brook (Site 4) drains 29.7 

percent of the Jones River basin above the 
Kingston gage (Site 9), it contributed less than 
10 percent of the discharge at base flow. Pine 
Brook contributed 0.26, 0.39 and 0.15 cubic 
feet per second per square mile ((ft3)/mi2) on 
August 2, 22 and September 12, respectively. 
On the same dates, the lower reach of the 
Jones River (intervening area C in Figure 1) 
contributed 5.45, 3.44 and 2.83 (ft3)/mi2, which 
represents 47 to 67 percent of the total flow 
from 15.4 percent of the total drainage area. 

second discharge mile 

0.02 0.1 0.22 

0.52 3.7 0.80 

0.70 5.0 0.15 

2.10 15.0 0.44 

4.41 31.5 0.42 

0.01 0.1 O.Q2 

2.65 18.9 1.19 

14.0 100.0 0.88 

Furnace Brook (Site 8), a tributary immediately 
above the lower reach of the river, contributed 
1.19 to 1.48 (ft3)/mi2, or from 16 to 19 percent 
of the total flow from 14.0 percent of the total 
surface drainage area. On August 2, the unit 
discharge of Pine Brook was 0.26 (ft3)/mi2, and 
the reach of the Jones River above Site 9 
(intervening area C) was 5.45 (ft3)/mi2, a 
difference of about 2,000 percent. 

Interpretation of Measurements 
The measurements were made at base flow, 
when streamflow is derived from basin stor-
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TABLE 2 

Summary of Calculated Base-Flow Contributions From Intervening Areas 

August 2, 1983 

Drainage Percentage Discharge Percentage Cubic feet 
area in of total in cubic of per second 

Area 
square drainage feet per total per square 

Location miles area second discharge mile 

A Jones River 
below Site 1, 
& above 
Site 3 0.56 3.5 0.58 2.9 1.04 

B Jones River 
below Sites 2, 
3, 4, 5 & 
above Site 6 0.48 3.0 (-0.98) 

C Jones River 
below Sites 6, 
7, 8 & 
above Site 9 2.45 15.4 13.35* 67.1 5.45 

*Site 7 not measured. 
( ) Indicate net losses. 

age. Other factors affecting streamflow could 
be the diversion of water for irrigation or from 
pumpage of water-supply wells. There was no 
known diversion. for irrigation of cranberry 
bogs at the times of measurements, although 
conversations with bog operators indicated 
irrigation may have taken place early in the 
morning, but more than three hours before 
the streamflow measurements were made. 
The water-supply test wells for the town of 
Brock ton located near Pine Brook were not 
pumped at times of the measurements, but 
Kingston's supply wells, located near Furnace 
Brook, withdrew a total of 2.58, 0.67 and 1.90 
(ft3/s)/d on August 2, 22 and September 12, 
respectively. These flow figures, when added 
to the measured discharge from the Furnace 
Brook subbasin, indicated an even greater 
water yield from the lower part of the Jones 
River basin. 

Groundwater-flow divides do not neces
sarily coincide with surface-drainage divides. 
For example, the high yield per square mile of 
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Furnace Brook (see Table 1) indicated that 
some groundwater captured by Furnace 
Brook originated outside its topographic sub
basin. Indeed, water levels in several kettle 
hole ponds showed that the southeasterly 
groundwater divide was a few thousand feet 
southeast of the surface-drainage divide, and 
in the intervening area of about 0.9 square 
miles (see Figure 1) the water table slopes 
northwest toward Furnace Brook. The upper 
(southern) reaches of Furnace Brook basin 
have thick, permeable stratified drift. How
ever, near the mouth, the brook flows 
between two ridges of till, and the surficial 
sand is thin beneath its valley. This geometry 
suggests that there is restricted underflow in 
the lower reaches of the Furnace Brook basin. 
Therefore, nearly all basin yield would be 
forced into the channel. 

The low values of unit discharge shown 
in the upper part of the basin and the high 
values in the lower part could be caused by 
groundwater underflow through the permea-



August 22, 1983 

Discharge 

September 12, 1983 

in cubic 
feet per 
second 

Percentage 
of 
total 
discharge 

Cubic feet 
per second 
per square 
mile 

Discharge 
in cubic 
feet per 
second 

Percentage 
of 
total 
discharge 

Cubic feet 
per second 
per square 
mile 

0.55 3.1 0.98 0.50 

(-1.05) 1.09 

8.43 47.4 3.44 6.93 

ble sandy glacial deposits of the basin. Precip
itation falling on the upper part of the basin 
infiltrates the ground, drains down to the 
water table, and flows as groundwater, much 
of which discharges into the river in the reach 
immediately above the Kingston gage. 

A quick approximation of the high-eva
potranspiration area (swamps, lakes, cran
berry bogs and streams) in each subbasin 
shows that swamps, lakes and low-lying flat 
areas make up a small fraction of the Furnace 
Brook basin and intervening area C. However, 
they constitute a much larger fraction of the 
subbasins in the upper reaches of the basin. 
The area of lakes and swamps is negatively 
correlated with low-flow indices.6 The large 
areas of swamps, lakes and bogs in the sub
basins in the upper reaches of the basin may 
be partly responsible for the below average 
yields of those subbasins. 

These data represent base-flow conditions 
only. At high flows, distribution would be 
expected to be more nearly proportional to 

3.6 0.89 

7.8 2.27 

49.5 2.83 

the surface-drainage areas. However, high
flow contributions in this basin may also be 
variable because of the high potential for 
groundwater recharge in sandy soils and the 
lack of coincidence between groundwater and 
surface-water divides. The nature of the surfi
cial deposits in the basin provides the domi
nant control on the base-flow runoff charac
teristics of the streams in the basin. Other 
researchers have shown this relationship 
exists in Connecticut, 7,8 and other areas of 
southeastern Massachusetts.9 The gentle slope 
of the Jones River flow-duration curve is 
representative of a stream in terrain with rela
tively high infiltration and storage capacity 
(see Figure 5). In this type of terrain, a signifi
cant amount of precipitation is held in storage 
and then gradually released, thereby provid-
ing a relatively high base flow.7 · 

The effects of diversions - withdrawals 
from wells, groundwater underflow - and 
evapotranspiration on basin yield will not be 
as great during high flow as opposed to low 
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flow. Withdrawals and diversions probably do 
not increase in winter or spring; therefore, 
they comprise a lesser fraction of basin yield 
at high base flow. Since the downvalley 
groundwater gradient component does not 
significantly change · seasonally, neither will 
underflow. Therefore, underflow constitutes a 
lesser fraction of basin yield at high flow than 
at low flow. 

The variability of hydrogeologic condi
tions exhibited in the Jones River basin is 
probably fairly typical of other small basins in 
glaciated areas. Therefore, these conditions 
should be considered when attempting to 
determine streamflow distribution. 

Conclusion 
Discharge measurements made in the Jones 
River basin showed that at moderately low 
base flow, streamflow was not proportional to 
the surface-drainage area. The unit area yield 
from some subbasins varied as much as 2,000 
percent during the measurements. Flow con
tributions were small in the upper reaches of 
the basin and large in the lower reaches. This 
disproportional distribution of streamflow can 
be largely attributed to the permeability of 
the sandy soils and groundwater underflow, 
partly to the incongruence of groundwater 
and surface-water drainage divides, and pos
sibly to the predominance of high evapo
transpiration areas (impoundments and wet
lands) in the upper reaches. 

Estimates of streamflow distribution, 
based solely on surface-drainage area without 
an analysis of area geology could lead to sig
nificant errors as had happened for the Jones 
River basin. Geology is of primary importance 
in determining streamflow distribution in a 
basin. Hydrologic measurements, such as 
those made in this study, can be considered 
very reliable for estimating flow distribution, 
especially in areas where the effect of drain
age-basin characteristics are poorly known or 
understood. 
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