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EFFECT OF DEPTH ON SALINITY, JAMES RIVER ESTUARY 575 

MODEL CONSTRUCTION AND INSTRUMENTATION 

The model was built inside a hangarlike shelter on a 1-hectare site at the 
Waterways Experiment Station, Vicksburg, Mississippi. The bed was molded in 
concrete (Fig. 2) to a horizontal scale of 1: 1,000 and a vertical scale of l: 100. 
The tenfold vertical scale distortion is unavoidable; however, river inflow, tidal 
currents, and time are interrelated inasmuch as they are scaled according to 
Froudian scale relations (Simmons, 1959). At these geometric scales, the 
salinity scale is conveniently 1: 1. Table l summarizes the model scales. Bottom 
geometry of the model was made to conform to the bathymetry delineated on 
recent "boat" sheets of the U.S. Coast and Geodetic Survey dated 1945-195 2; 
the floor of the shipping channel was based on bottom topography surveyed by 
the U.S. Army District Engineers, 1956. To discover if any large depth changes 
had occurred since these surveys, the estuary was resurveyed in 1964 on nine 
selected cross transects, the same as those used for hydrographic observations. 
The model reproduced approximately 2,340 square kilometers of the estuary, 
including tidal reaches of major tributaries, plus a portion of Lower Chesapeake 
Bay and its entrance reaches in the Atlantic Ocean, and extended 27.2 kilometers 
offshore (Fig. l ). 

The proposed shipping channel was built in sections to facilitate later 
alterations. The channel would cut segments of the natural channel along a 140-

Figure 2. Model bed during construction showing different stages of molding. Metal 
resistance tabs protrude from the bed in the foreground. (Photo by Waterways Experiment 
Station, Vicksburg, Mississippi.) 
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kilometer (prototype) course at a con­
trolling depth of 10.7 meters and a 

TABLE 1. MODEL SCALES 

width of 91.4 meters. Figure 3 shows 
how the proposed channel would 
"smooth out" the naturally rough chan-
nel profile by lowering segments of the 
channel floor. In the saline reaches, one 
of the major cuts (16 kilometers) would 
run through the main oyster-producing 
reach near Rocklanding Shoal (Fig. 1 
and Fig. 3). Another channel-deepening 
that was tested in the model, though 

Scale 

Horizontal 
Vertical 
Velocity 
Presh-water inflow 
Volume 
Salinity 
Time 

Ratio 

l: 1,000 
1:100 
1: 10 
1:1,000,000 
l: l 00,000,000 
l: l 
1: 100 

not fully reported herein, called for a 3-meter deepening (from I 0. 7 meters to 13. 7 
meters) for a distance of 6.4 kilometers seaward from Newport News (U.S. 
Congress, 1965). (For all tests reported herein, except for tests 1 A, 2A, and 3A 
referred to in Table 2, the Newport News Channel through Hampton Roads was 
established at a depth of 13. 7 meters.) These changes of the channel floor are part 
of a series of alterations, now here, then there, that have proceeded with 
development of the estuary over the years. Although each improvement has been 
relatively small and without appreciable effect, the cumulative effect, if additive, 
may be great. 

Fresh water was introduced into the model through the James River at 
Richmond and through each of the primary tributaries, the Appomattox, 
Chickahominy, and Nansemond. The combined discharge of the minor tribu­
taries, the Elizabeth, Pagan, and Warwick, was introduced at the head of the 
Nansemond (Fig. 1). Inflow was controlled manually and rates of inflow were 
measured by either a flowmeter or a Van Leer weir. Source "sea" water with a 
relatively constant salinity of 24.2 parts per thousand was prepared in a 
rectangular sump, 12.2 meters x 14.6 meters and 2.1 meters deep, by introducing 
sodium chloride in the form of rock salt. When fed to the estuary, the salty 
water was mixed with freshened water near the Chesapeake Bay entrance, so that 
water flowing in the mouth of the James had a salinity close to that in the 
prototype. 
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Figure 3. Longitudinal profile along the course of the present shipping channel at the 
25-foot (7.7 m) depth in relation to the proposed 35 foot (10.7 m) deepening and 45-foot 
(10.7 m) deepening near Newport News, oyster production reach, and the average upstream 
limit of salty water. 
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The rise and fall of the tide was produced by alternately pumping water into 
the model and draining by gravity flow; the action was regulated by an 
automatic, electrically controlled valve in the outflow line. Tidal amplitude and 
corresponding tidal times were reproduced continuously to scale at the control 
station, Sewells Point, Hampton Roads. Farther upstream, tidal heights were 
measured intermittently on stationary point gages at 11 stations. Current 
velocities were measured manually with miniature Price rotating cup meters. 

At periodic intervals water samples were drawn by vacuum through small 
intakes set in the model at 2- to 3-centimeter depth intervals and collected in 
vials. Samples were obtained simultaneously at all depths and at a series of 
stations in each cross section. Inasmuch as the rate of water withdrawal was 
usually faster than the flow of water past the intake, the sample water probably 
contained an admixture of water from above and below the intake depth. 
Salinity of water samples was determined by titration with silver nitrate using 
potassium chromate as an indicator following the Mohr method. Figure 4 shows 
a general view of salinity sampling apparatus in the model. 

Field Measurements 
In order to supply data required to reproduce hydraulic characteristics in the 

model, an extensive hydrographic survey was carried out in the estuary between 
May and October 1964, a time of relatively low and steady river inflow in the 
range 25 to 4 7 cubic meters per second at Richmond. Sixty-four anchor stations 
were occupied, including stations on transects across the estuary and along the 
channel course (Fig. l ). On each transect, simultaneous observations were made 

Figure 4. View of model looking upstream from Hampton Roads, showing salinity 
withdrawal apparatus on frames athwart the estuary. (Photo by Waterways Experiment 
Station.) 



578 MAYNARD M. NICHOLS 

during mean stage of tide when wind speeds were generally less than 6 meters 
per second. At each station observations of current speed and direction, salinity, 
and temperature were made every 30 minutes, at 2- to 3-meter depth intervals 
thr~ughout one tidal cycle. During the observation period, measurements of tidal 
amplitude were recorded concurrently on 12 tide gages. River discharge was 
recorded daily at Richmond and near the head of each tributary (Fig. l). Salinity 
was monitored on a conductivity meter installed at one station ("Miles," number 
65) in the middle estuary. Most measurements of current velocity were made 
with a Savonius rotor and vane; salinity of water samples returned to the 
laboratory was determined on an Industrial Instruments conductivity unit RS-7a. 
Procedural details and prototype data are given in Shidler and MacIntyre (l 967). 

Verification and Operating Characteristics 
Before testing the effects of channel deepening, the hydraulic behavior and 

the salinity characteristics of the model were made to correspond to those in the 
prototype at the proper inflow and time scales. 

First, the model was made to duplicate the natural propagation of the tide by 
successive adjustments of the resistance strips. The agreement of the tidal ranges 
was within 5 centimeters at all stations, as illustrated in Figure 5. Tidal 
elevations, that is, high and low water, based on mean low water at the Hampton 
Roads tide station, were made to agree to within 0. 15 centimeter for stations 
downstream of Hog Point and within 0.3 centimeter upstream from this point. It 
is supposed that these . departures in tidal elevations were due to a difference 
between the Hampton Roads data and the local bench mark elevations to which 
the tide staves were referred in the prototype. The tidal similitude was deemed 
adequate inasmuch as the model reproduced the main features of the tide, 
particularly the tidal range. 

Current velocities were then measured at each station and resistance strips 
were readjusted to make the flow agree with that in the prototype. A comparison 
of predominant flows after final adjustment, calculated by the method of 
Simmons ( 1955), showed that differences averaged less than plus or minus I 0 
percent throughout the estuary. Reproduction of representative prototype and 
model time-velocity curves is shown in Figure 6 for Station 2, Hampton Roads. 
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Figure 5. Comparison of tidal range in the model (test 6) and in the prototype, from 
Hampton Roads to Richmond, August 16-17, 1964. 
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Figure 6. Time-velocity curve in the prototype at Station 2, depth 8 m, September 11, 
1964, and the corresponding curve in the model, verification test number l. 

Inasmuch as the model was constructed for the main purpose of predicting 
salinity changes, it was important to accurately reproduce all characteristics of 
salinity. Both the horizontal and the vertical distribution of salinity throughout 
the estuary, as well as the temporal variation at a single station, were reproduced 
in the model under controlled conditions of river inflow, source salinity, and .. 
tide. 

In contrast to many estuaries that empty into the ocean with a nearly 
constant salinity of about 34 parts per thousand, the James drains into Lower 
Chesapeake Day, which varies in salinity annually from about 21 parts per 
thousand to 26 parts per thousand. Sump salinities were varied by "cut and 
trial" until salinity of water flowing into the mouth of the James along the 
bottom was close to that measured at the corresponding location in the 
prototype. Figure 7 shows the variations of sump salinity, which were pro-
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Figure 7. Comparison of salinity variations in the model sump and corresponding 
variations at Thimble Shoals for verification test number 2 through an annual cycle; salinity 
sampled at low slack water on the surface. Salinity in parts per thousand (0 

/ 00 ). 


