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Oblique aerial photograph of the lower Dungeness River as it crosses the Sequim-Dungeness peninsula, Clallam County, In-stream Piezometers Off-stream Well Transects Vertical Hydraulic Conductivity of Streambed Sediments
Washington. Photo courtesy of Jennifer Bountry, U.S. Bureau of Reclamation. Twenty-seven in-stream piezometers were installed in the streambed of the Dungeness River to define the vertical hydraulic gradient and direction of flow between the Off-stream well transects were installed at two locations to verify the in-stream piezometer results, and to assess horizontal hydraulic gradients between the river and Darcy’s Law was applied to the in-stream piezometer and stream seepage data from April 10-11, 2001, to estimate average vertical hydraulic conductivity values for the
river and the water-table aquifer. The piezometers for this study were constructed from 7-foot lengths of 1/2-inch diameter galvanized pipe. One end of the pipe was ground water within a typical losing reach (Dungeness Meadows transect) and gaining reach (Schoolhouse Bridge transect). A total of 6 wells were installed at each site ~ streambed sediments within each of the reaches. Darcy (1856) demonstrated empirically that the volume rate of discharge (Q) through a porous medium is equal to the
% crimped shut to form a drive point and was then perforated within the bottom 6 inches with several 1/8-inch diameter holes to allow water entry. The piezometers were using a Stratoprobe™ truck mounted, direct-push drilling system. Three wells were installed on each side of the river to depths of 15 to 30 feet and consisted of 1.25-inch product of the hydraulic gradient (/) and the cross sectional area (A) through which water moves, times a constant of proportionality (K), which describes the hydraulic
hand driven into the streambed 3 to 5 feet from the streambank using a fence post driver. Each piezometer was installed to a depth of approximately 5 feet. diameter PVC casing with a standard 5-foot length of PVC well screen. properties of the porous material.
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A manometer board was used throughout the study to measure differences between water levels in the piezometers and water levels in the river. The difference in water ~ Continuous river stage and river temperature data were collected at both sites between June 16, 2000 and July 20, 2001. Water-level sensors (pressure transducers) and When rearranged to solve for vertical hydraulic conductivity Darcy’s Law becomes:
i level between the piezometer and the river provides an indication of the vertical direction of water flow. When the piezometer water level (ground-water head) is higher temperature sensors (thermistors) were inserted into the three off-stream wells closest to the river stage sensor. At each site, all sensors were hard-wired to a data logger K,=-(Q/l, A)
than the river stage (surface-water head), ground water discharges into the river in the immediate vicinity of the piezometer. Conversely, when the water level in the and set to record hourly water levels and temperatures. Where,

is the average vertical hydraulic conductivity of the streambed material contained within a reach (feet per day);

is the total volume of water gained or lost by the river between the two transects that define a reach (cubic feet per second);

I, isthe average vertical hydraulic gradient between the river and ground water, as determined from in-stream piezometer measurements (dimensionless); and
is the estimated streambed area across which water exchange occurs (square feet).

piezometer is lower than the river stage, water seeps from the river and recharges groundwater in the immediate vicinity of the piezometer.
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Typical in-stream piezometer installation and How a manometer board is used for measuring hydraulic Surface- and ground-water relations and thermal response in streams during summer and early fall with gaining reaches
insream Pezometer manometer configuration hed Iffere“ce bEtweAen surfa_gce water and‘ gmund watﬁ?r' and losing reaches o _ For this study, the streambed area (A) in a reach was calculated by averaging the widths of the upper and lower river transects that defined the reach and then
e Manomete . S s A R 1 TR NG TR G Gammg Stream Losmg Stream multiplying the average width by the reach length. The gain or loss of flow from the stream (Q) for each reach was determined during the seepage run of April 10-11, 2001.
. > i The average vertical hydraulic gradient (/,) for a reach was determined by averaging the individual gradients for all piezometers in the reach. The results of these
SRRFTEEEE calculations yield an approximation of the average vertical hydraulic conductivity (K,) for the streambed within the reach as represented by the April 2001 data.
dh
Watefeve'l o bom In order to use this approach, it was necessary to make several simplifying assumptions:
e 1)  Flow between the Dungeness River and water table aquifer occurs only in the vertical dimension (no horizontal flow component).
o 2) The net seepage volume (Q) is equal to the total volume of water exchanged between the river and water table aquifer.
3) The average gradient derived from the in-stream piezometer data accurately represents the average vertical hydraulic gradient for the reach.
/. Tubing Shallow aquifer R 4)  Averaging the upper and lower transect widths provides a good approximation of the average stream width.
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In the Sequim-Dungeness peninsula, to enhance endangered salmon and trout populations, increasing competition for ground-water resources, changing 3P12\§ s ; “Dezomete an number § . 2 “*"1222‘;2? & SIS condition Schoolhouse Bridge USGS gage oLAN VIEW 5 ol % Reach 4: Dungeness at Old Olympic Highway to Dungeness below Woodcock Road
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water-use patterns, and recent requirements to maintain minimum in-stream flows, have severely strained the peninsula’'s water resources and necessitated a ro 3 2\po I Tl g 5  _—e— 51501 4 PLAN VIEW g Reach 5: Dungeness below Woodcock Road to Dungeness at Schoolhouse Bridge
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