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NAOPL-E January 1986 

COMMENTS ON WATER LEVELS AND DISCHARGES IN THE 

DISMAL SWAMP CANAL 

Operation of the Dismal Swamp Canal project is directed toward 

maintaining a water level in the canal that is suitable for navigation 

which is about elevation 11 NHD (Norfolk Harbor Datum). Water is 

released from the spillways at Deep Creek and/or South Mills whenever 

necessary to prevent overfilling of the canal. Water is released from 

Lake Drummond (a) as necessary to prevent overfilling of the lake above 

its normal elevation at gage height 5.0 feet (18.65 NHD) and (b) 

withdrawing water from the lake to supplement natural inflow to the canal 

as necessary to provide a water level in the canal suitable for 

navigation. 

Area and storage capacity of Lake Drummond are shown in the following 

table. 

Table 1. LAKE DRUMMOND AR.EA AND CAPACITY 

Elevation 
GH Ft. NHD 

6 
5(a) 
4 
3.6(b) 
3 
2 
1 
0 

19.65 
18.65 
17.65 
17.25 
16.65 
15.65 
14.65 
13.65 

Normal gage height. 

Area, 
acres 

3,340 
3,265 
3,200 
3,152 
3,060 
2,850 
2,450 
1,660 

(a) 
(b) Gage height below which no water 

Acre-ft 

17,990 
14,690 
11,450 
10,190 
8,320 
5,360 
2,690 

595 

Capacity 
Million gallons (MG) 

5,865 
4, 789---------
3, 733 
3,322---
2,712 
1,747 

877 
194 

is withdrawn from Lake Drummond. 

Storage in the 22-mile canal and 3-mile Feeder Ditch from Lake 

Drummond is relatively small with an estimated area of roughly 300 acres 

or 300 acre feet (100 million gallons) per foot of elevation. 



Pertinent elevations and spillway ~ata are shown in the following 
table. 

Table 2. PERTINENT ELEVATIONS AND SPILLWAY DATA 

Item 

Dismal Swamp Canal 
(Deep Creek & South Mills) 

Normal water level 
Gage zero 
Spillway crests 

(8-4 ft. H X 6 ft L gates) 
Downstream water level 

Lake Drummond 
Normal water level 
Minimum level for navigation 
Gage zero 
Spillway crest 

(10- 3 ft. sq gates) 

Gage 
height 

1.0 
0 

-2.44 

5.0 
3.6 

0 
-0.65 

(a) NHD is Norfolk Harbor Datum which is 1.5 ft. 
(b) National Geodetic Vertical Datum of 1929. 

Elevation 
NHD(a) 

11 1/2 
10.44 

8.00 

1.5+ 

18.65 
17.25 
13.65 
13.00 

lower than NGVD. 

Elevation 
NGVD(b) 

10 
8.94 
6.50 

0+ 

17.15 
15.75 
12.15 
11.50 

Exhibit 1 is a graph indicating the elevation of the water surface of 

Lake Drummond from 1926 to date. It also indicates periods in which the 

Dismal Swamp Canal was closed to navigation. Note the very infrequent 

closings but frequent low lake levels prior to 1977 and the reverse 

situation from 1977 to date. The chart also shows the canal levels which 

occurred during periods of closure to navigation from 1976 to date. 

During other periods, the canal level would be near normal level at gage 

height of about 1.0 feet. 

Prior to 1977, the level of the lake was drawn down to relatively low 

levels in order to provide water for navigation. Public Law 93-402, 93rd 

Congress, HR 3620, August 30, 1974, provided for establishment of the 

Great Dismal Swamp National Wildlife Refuge. This act specified 
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navigational or other uses of the canal should not adversely affect the 

refuge. Consultation with the Refuge Manager led to the conclusion that 

the water ievel be maintained above a gage height of 3.0 feet in order 

that the refuge not be seriously affected. It was considered necessary 

to stop withdrawals from the lake when the water level reached 3.6 feet 

to be reasonably sure it would not drop below 3.0 feet during the 

continuation of the drought period. Consequently, withdrawal of water to 

support navigation is stopped when the lake level falls to a gage height 

of 3.6 feet. The level has fallen as low as 2.8 feet since 1976. This 

occurred in 1980 when withdrawal was stopped at 3.6 feet. 

It can readily be seen that if the present procedure would have been 

followed, the number of closures would have been much greater--actually 

about 25 times in 51 years. On the other hand, if unrestricted use could 

have been made from 1977 to date, there would have been no closures, but 

the lake level would have fallen to about 2 feet in the droughts of 1977, 

1980, and 1985. 

The volume of water released from the lock chamber had previously 

been estimated at 1.25 million gallons based on a maximum head of about 

10 1/2 feet. However, recent investigations to estimate the possible 

leakage through the lock gates led to the realization that the average 

difference in elevation between the canal and river level is about 8.5 

feet at both South Mills and Deep Creek. This represents about 1.00 

million gallons instead of 1.25 million gallons previously used in these 

analyses. Also, as noted in the prior memorandum, the lock chamber is 

frequently filled in locking boats into the canal and then emptied in 

locking boats out of the canal on the next locking. This results in the 

use of one lockful of water for two recorded lockings. Examination of a 

typical year of record indicates that only 80 lockfuls of water are used 

in 100 lockings. Therefore 80% or 0.8 million gallons are considered 

appropriate for each recorded locking in this analysis. This is not 

reflected in the computer runs made up to this time and illustrated in 

exhibits 2 through 4. 
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A daily record of canal and lake releases and water levels were 

developed by a computer program for the period 1955 to date. The 

following sample of data tabulated is attached as follows: 

Exhibit 2 - November 1984 by days 

Exhibit 3 - 1984 by months 

Exhibit 4 - 1955-1984 by years 

Examination of the record indicates· that during periods when Lake 

Drummond is releasing water for navigation only (no water being spilled 

from the spillway) the amount of water being released from Lake Drummond 

is more than actually used in locking operations. This indicates loss of 

water somewhere in the system below Lake Drummond. Exhibits 5 and 6 are 

graphs showing pertinent data in drought periods in 1977 and 1985, 

respectively. The apparent loss is shown in the following table: 

Table 3. APPARENT WATER LOSS 

Period 
Item Jun-Jul 77 Apr-Aug 85 

Number of days 43 68 
Water volume in MG 

Release from Lake Drummond 988 1,347 
Used in locking 287 356 

Apparent loss 
Million gallons 701 991 
Million gallons per day 16.5 14.6 

Similar losses are indicated in analysis of other drought periods. 

Further indication of loss is evident from the fall in level of the 

canal when there is no inflow from Lake Drummond or water spilled or used 

in locking operations. Exhibits 5 and 6 indicate the canal level falls 
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about 4 feet in a month immediately following closure of the canal to 

navigation. Assuming a storage of about 100 MG per foot in the canal a 

drop of 4 feet represents an apparent loss of 400 MG or 13 MGD. 

The advance memorandum furnished in October 1985 inferred that this 

loss was principally due to infiltration to ground water. Since the 

canal was filled at the end of October it has been possible to make 

some observations of water levels in the canal, lock chamber and river, 

with the lock gates closed under filling and emptying conditions. 

Investigations indicate that there is leakage from the gates. 

Since the canal has been filled and there have been few lockings of boats 

to interfere with the procedure, it has been possible to make reasonable 

approximations of the amount of such leakage. A staff gage has been placed in 

the lock chambers and with the existing gages in the canal and river it is 

possible to determine the relative elevation of the water surfaces in the 

canal, lock chamber and river. Observations are made to determine the rate at 

which the water level falls in the lock chamber following a filling of the 

lock chamber and all valves closed. It has been determined the total leakage 

from canal is about 17 million gallons per day. It is believed that this 

could be reduced to 8 MGD if the gates and valves were overhauled. A number 

of other Corps offices were contacted. While no specific measurements have 

been made, information from those offices indicated that losses of 3 to 7 MGD 

would be expected under normal conditions at these types and size of locks. 

There is no way to estimate other losses except that due to evaporation 

which is about 1 to 2 MGD. There are losses due to infiltration into the 

sides of the canal which cannot be measured. There are also unmeasurable 

quantities of groundwater entering the canal as well as unknown quantities 

which enter the canal from the west. In drought periods, ground water level 

in the Lake Drummond area is near the level of Lake Drummond and that in the 

canal area is near that in the canal. This would indicate the likelihood of 

continued inflow into the canal from the upper end of the feeder ditch and 
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other ditches draining into the canal from the west. Therefore, it is likely 

that there is a continuous inflow into the canal from ground water and loss 

due to infiltration both of these being of varying amounts and not capable of 

being measured. 

It appears to be a coincidence that the estimated leakage from the lock 

gates closely approximates that indicated by the difference between the 

amounts released from Lake Drummond and that utilized in locking operation. 

This would indicate that the amount of water entering the canal from 

groundwater from the west and leaving the canal by infiltration are about 

equal. 

A further indication of the difficulty in analyzing the movement of water 

in the canal system is based on analyses by the U.S. Geological Survey in 

1978-81 which was based on three series of surface water inflow-outflow 

measurements. It was concluded that the measured outflow was 10 times greater 

than the inflow during the drier summer and late fall months. In other words, 

about 10% of the water enters the system by surface means with the other 90% 

entering by sub-surface or ground water flows. 

The effect increased storage space and possible leakage would have on 

periods navigation would have to be stopped in recent drought periods have 

been studied in some detail. The effect in the 1985 drought period is shown 

on this exhibit which is a copy of that furnished with the advance 

memorandum. Data pertinent to the various operations are shown thereon. 

The solid, dark line represents recorded data. Shortly after 1 July the 

water level in Lake Drummond fell to near 3.6 feet, navigation was stopped, 

release from Lake Drummond was stopped, the canal level began to fall rapidly 

and no more water was used in locking operations. lake Drummond water level 

rose slightly then fell to a minimum gage height of 3.3 feet. 

The performance of pertinent elements of the canal is shown if navigation 

would have been continued regardless of lake elevation. The lockages after 

canal closure was estimated based on other years and water used is shown on 
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the bottom graph. Water released from Lake Drummond to support this continued 

navigation was based on the recorded losses and water required for locking 

operations. The canal would have remained at normal level. The lake would 

have fallen to a gage height of 2.3 feet. 

Also shown is the performance if it is assumed the losses could be reduced 

by 50%. In this case navigation would be extended to 1 September if stopped 

at 3.6 gage height and fallen to gage height 3.1 if navigation had been 

continued. 

A similar analysis was made of all drought periods from 1977 to date and 

is summarized on table 4 which shows the periods of closure and the number of 

days navigation could be extended under various alternate operations. This 

table shows that in 1983 and 1984 the canal would not have been closed if any 

of the alternatives were followed. Some extension of the navigation period 

would have been made with reduction to losses by 50%. However, closure in the 

1977, 1980, and 1985 drought periods in 1977, could not have been avoided 

under the operations shown. 
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Table 4. POSSIBLE INCREASE IN NAVIGATION 

Number of dais navisation misht be extended in recorded 

Status 7/30/77 10/18/78 
~riods of closure 
7 23/80 8/26/83 11/8/84 7/4/85 

to to to to to to 
11/25/77 11/30/78 2/27/81 10/4/83 1/8/85 11/1/85 

118(a) 43(a) 219(a) 39(a) 6l(a) 119(a) 

Lake Drummond at GH 5.5(b) 21 7 18 39(c) 6l(c) 42 
Navigation stopped at GH 3.6 
recorded losses 

Lake Drummond at GH 5.0(b) 27 7 9 39(c) 6l(c) 34 
Navigation stopped at GH 3.3 / 

recorded losses 

Lake Drummond at GH 5.0(b) 26 43(c) 8 39(c) 6l(c) 58 
Navigation stopped at GH 3.6 
50% recorded losses 

Lake Drummond at GH 5.0(b) 43 43(c) 23 39(c) 6l(c) 73 
Navigation stopped at GH 3.3 
50% recorded losses 

(a) Total number of days navigation stopped (at GH 3.6) as recorded. 
(b) Gage Height indicating elevation of water surface in Lake Drummond at beginning of drought 
period. 
(c) Closure to navigation not necessary. 



LIST OF EXHIBITS 

1. Lake Drummond Outlet Gage (in two sheets). 

2. Daily Summary for November 1984. 

3. Monthly Summary for 1984. 

4. Yearly Summary for 1955-1984. 

5. Dismal Swamp Record, 1977. 

6. Dismal Swamp Record, 1985. 
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_ _l98i_ 505 SOSe _-2..'J~.t.B~._, _ _1" __ 499,_ ---3.JJJ'le ______ D,J ___ .61282._ ____ lQH.A. .. __ .12.JQ.1.._--'_.. l 57 el 

___ .... __ _ - - -----===--:.--::-:-:-- - ----- l~lf-G --~~-~--.-'.'!'.'!~------ '." _____ AV.G_-:.------~~~--~-----~-- - ____ . __ _ ... A~W.G---~= ~--
TOTAL 0. 7 2~231 2'J,2 5le 778_.701. Oe6 l,38~801. 65,328. 1JD84,Jlle 4e6 
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