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AN EXPERIMENTAL AIR-PRESSURE DEPTH-METER 
FOR USE WITH MIDWATER TRAWLS 

By Keith A. Smith* 

Wh'le conducting experimental midwater trawling for herri~g in the Gulf of 
Maine d1urin the spring and summer of 1956, an experimental alr-p,r ~sure depth-

d
g 1 db the Service's Maine Herring Exploratory Flshmg and Gear 

meter was eve ope y , , if' 11 d 
h St t

' t Boothbay Harbor Maine, ThlS lllstrument was spec lea y e-
Researc a lon a ' ' d ' ted signed to meet the program's need for a shallow-water net depth III lea or, ornpare 

T~ Ll JA VE, 
NO ? 

FIG. 1 - AIR SUPPLY, REGULATOR GAUGE, CONTROL VALVES AND DEPTH -PRESSURE I DICATOR GAUGE ASSEMBLEJ 

TO INDICATE DEPTH. 

to existing electronic devices for this purpose, it is simple and inexpensive to con
struct. The method of operation involves towing one end of an air-pressure tube at 
the same depth as the net. When used for the deeper tows the tube is cumbersom,e, 
but it is expected that this device will fill a transient need until a simple electroDlC 

depth meter can be developed, 

Necessity for a depth -meter became apparent during the early midwater traw! 
tests and fishing trials, because fishing success depends upon knowledge of the eX 
act fishing depth of the net. A midwater trawl is towed neither at the surface of t~e 
water nor on the sea's bottom but somewhere between these two extremes, and it IS 

not possible to know by direct observation through what stratum of water the trawl, 
is moving. Measurement of depression angles of the towing warp gives an approxl-h 
mate net depth, but when great lengths of towing warp are out and thin schools of fls 
are detected, this method of determining depth is not sufficiently accurate, 
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To meet the practical need for midwater trawling, an experimental depth -meter 
built that would meet the following conditions: 

1. It must be dependable and accurate within narrow limits. 

2. The design and operation of the instrument must be simple 
and easy to understand. 

3. Construction of all components of the equipment must be rug
ged and resistant to breakage to insure trouble -free operation. 

4. The complete unit should be of low cost and made of materials 
readily available. 

It is known that the pressure in a body of water varies directly with the increase 
depth. Determination of the pressure at any certain point in an open body of sea 

water of a given density is 
tantamount to knowing the depth 

IG. 2 - 100 FATHOMS OF PRESSURE HOSE. IN ORD FR TO SUPPORT 
HE PRESSURE HOSE WIT HOUT CONST R I CT I NG IT, A i /I D I AMET ER 

L?N ROPE WAS FASTENED TO THE HOSE WITH PL AST IC ELECTR IC
N S TAPE AT SPACES OF APPROXIMATElf 18 INCHES. THE BA THY-· 

HERMOGRAPH WAS USED FOR CHE CKING DEPTH REA DINGS. 

at that point. This direct pro
portion seemed to offer the 
best basis for an indicator of 
the depth of a trawl in mid
water. 

If a continuous and unob
structed column of air confined 
inside a tube could be main
tained from the foot rope of 
the trawl to the deck of the 
fishing vessel, the air pres
sure at the top of the tube must 
equal the pressure at t h e bot
tom of the tube (minus the 
ne g ligible weight of the air in 
the tube). If such a tube wer e 
open to the water at the b ot
tom end, the press ure through
out the tube must the n be equal 
t o t h e water pressur e at the 
depth of the bottom end of the 
t ube, p rovided sufficient air 
remained in the tube at all 
times to p revent any water 

m entering the tube. It was decided that the best method of insuring that such a 
e ,remained clear of water would be to add air continuously at the top of the tube, 

rcmg a small amount of air out of the tube at the open bottom end. 

This method of determining depth seemed to offe r the best solution t o the p rob
encountered. After several preliminary tests, the following gear c omponents 

re assembled: 

1. A Source of compressed air. (A standard compressed air 
cylinder containing 300 cubic feet of air at a maximum pres
sure of approximately 2,000 pounds per square inch (p. s. i.) 
was used. A regulator valve was added to give a reduced and 
constant pressure. ) 

2. A group of three needle valves to control the flow of air into 
the pressure tube. 
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3. A simple air pressure gauge. (The gauge originally used was 
calibrated in five p . 6. i. s t e ps , but it was found that a more 
sensitive gauge with finer graduatio ns was ne ded. For best 
results, the gauge s hou ld be graduate d in s teps no greater than 
two p. s. i. 

4. 100 fathoms of fall inside diameter re inforced rubber hose de
signed for a maximum working press ure of 300 p. s. i. 

5, 100 fathoms of ~r' diameter rope to support the hose. 

This gear was assembled as shown in figures 1 a nd 2 . 

The gear is operated in the following sequence: 

1. All valves are closed at the start. 

2. The air tank valve is opened and the pres
sure regulator valve setto deliver air at 200 p. s. 1. 
pres sur e. 

3. The open end of the hose is put into a buck
et of water, Valve No. 1 (fig. 1) is opened wide and 
Valve No.2 is opened very slightly until a very 
thin stream of air bubbles comes out the open end 
of the hose. The opening of Valve No. 2 is adjust
ed c a refully at this point so that although some air 
is flowing through the hose, the back pressure show
ing on the depth -indicator gauge is very close to 
zero . T he pressure reading obtained at this point 
is due to air friction within the tube and must be 
subtracted from the reading later when the gauge 
is indicating depth . After the setting of Valve No. 
2 is made it should not be disturbed throughout the 
tow. 

4. The open end of the hose is attached to the 
midwater trawl or other object on which depth data 
is desired and then lowered into the water. As the 
open end of the hose is lowered, air pressure builds 
up until it approximately equals the water pressure 
at the hose opening. This pressure will show on 
the indicator gauge and will not be exceeded because 
the open end will allow any excess air to exhaust 
out into the wate r. 

5. When the net has been lowered to the ap
proximate working depth, Valve No.3 is opened 
momentarily allowi ng a strong flow of air to by
pass Valve No.2. T he purpose of this is to blow 
an excess of air through the hose to insure that 

the hose is free of any water that may have enter' 
ed it as it was lowe r e d . The reading on the indica' 
tor valve rises conslderably during the operation 
and does not indicate depth. After the hose is 
"blown out, " Va lve o . 3 is c losed and ti"e pointer 
of the depth -ind !cator gauge settles back and slops 
at the value of water press ure a t the end ofthe hose 
plus the very s mall reading obta ined in step 3 ' 
which should be subtracted to obtain the actual 
water pressure . The press ure thus obtalned, di' 
vided by 2.66 gives the depth at the hose end in 
fathoms. 

0.43 = lbs./sq. in . p r ess ure per foot 
depth of pure water 

1.025 = density standard sea water 

6 ft . = 1 fa thom 

(0 . 433 (1.025) (6)= 2.6 6 pounds of pressure 
per square inch per fa thom depth . 

6. Valve No. 1 may be closed after the tow' 
ing depth has become stable, i . e. the net has set· 
tled at a certain depth . The po interofthelndicator 
gauge should then settle back a pound or two and 
indicate the exact water pressure at the open end 
of the hose since no air is m oving and air friction 
inside the hose is not invo lved. The initial read' 
ing in step 3 should be dis regarded when taking 
this reading . After a reading is obtained, Valve 
No . 1 should be opened allowing a trickle of air 
to pass through Valve No . 2 again into the hose 
to insure that no water e nters the hose should the 
net sink deeper. Valve No . 2 should not be dis
turbed after the init ia l sett ing is made in step 3. 

T.wo t ypes of tests have been made on this equipment. 
lowermg~ on a measured line, and (2) towing tests using a 
a s a testmg standard. ' 

They are (1) vertical 
0 -200' bathythermograp 

tive :::Ult~ of the fi.rst type of test a r e s hown in tables 2 and 3 . Note that a posi' 
ins ' d t~r ~s shown m each test. T hese errors a re apparently due to air friction 

1 e e o!"e caused by ~he flow of air. The error was greater in test 1, probabl 
~~:~o lth~ t~~~kle valve bemg ope ne d slightly more in this test It was not possible 
readi~; e

t
'
l 

IS error at th e .s t a rt of the tests because the gauge used shows no 
la un 1 ~ press ur:e of fIve p .s. i. is reached, Since these tests were made, a 

rger
t 

m or e fmel.y cahbr.ated gauge has been employed (fig 1) and has been found to 
opera e more satlsfactorlly . . 
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Table 1 - Pressure in Pounds Per Square Inch 
(Considerine- Surface 000' 1 Atmosphere = 14.7) 
Depth Pressure Depth Pressure 

IFathoms Lbs.{::;g. Inch Fathoms Lbs./Sg. Inch 
1 2.7 26 69.2 
2 5.3 27 71.9 
3 8.0 28 74.6 
4 10.7 29 77 . 2 
5 13.3 30 79.9 
6 16.0 31 82.6 
7 18.6 32 85 .2 
8 21.3 33 1:17 .-9 
9 24.0 34 90.5 

10 26.6 35 93.2 
11 29.3 36 95.9 
12 32.0 37 98 . 5 
13 34.6 38 101. 2 
14 37.3 39 103.9 
15 40.0 40 106.5 
16 42 . 6 41 109.2 
17 45.3 42 111.8 
18 47 .9 43 114.5 
19 50.6 44 117.2 
20 53.3 45 119.8 
21 55.9 46 122.5 
22 58.6 47 125.2 
23 61. 2 48 127.8 
24 63 .9 49 130 . 5 
25 66.6 50 133.1 

A towing test was made to check the ac
curacy of the device while moving through 
the water. In this test, a towline and the pres
sure hose along with its supporting line were 
let out 100 fathoms to a skiff that was towed 
behind the testing vessel. The open end of 
the pressure hose with a bathythermograph 
and depressor attached were lowered from 
the skiff on a ~ 11 wire rope to various depths 
while the skiff was being towed. Results of 
this test are tabulated in table 4. Note that 
a positive error also resulted in this test. 
Since this error is consistently present and 
always positive, two pounds pressure repre
senting approximately i fathom should be 
subtracted from the gauge reading. The read
ing thus obtained in all tests is accurate with
in less than one fathom. 

The above -described equipment might find 
practical application where underwater fish
ing or sampling devices are used on which 
depth data is required. Within close limits, 

able 2 - Depth -Indicator Test (Vertical suspension Table 3 - Depth -Indicator Test (Vertical suspension 
test starting at 2 fathoms and lowering to test starting at 33 fathoms and raising) 

29 fathoms) Line Pressure Pressure Error Line Pressure Out Depth Indicated 
Out Pressure Depth Indicated Error Fathoms Lbs. !SQ. Inch ...... (Fathoms) .. ... . 
~ Lbs. /Sg. Inch ...... (Fathoms) ....... 33 90 33.8 +0.8 

I - - 32 88 33.0 +1.0 
2 8.0 3.0 +1.0 31 85 31. 9 +0.9 
3 11.5 4.3 +1.3 30 82 30.8 +0.8 
4 14.5 5.5 +1.5 29 79 29.7 +0.7 
5 17.0 6.4 +1.4 28 77 28.9 +0.9 
6 19.5 7.3 +1.3 27 75 28.2 +1.2 
7 22.0 8 .3 +1.3 26 73 27.4 +1.4 
8 24.5 9.2 +1.2 25 70 26.3 +1.3 
9 27.0 10 . 1 +1.1 24 68 25.6 +1.6 

10 29.5 11. 1 +1.1 23 65 24.4 +1.4 
11 32.0 12.0 +1.0 22 62 23.3 +1.3 
12 35.5 13.3 +1.3 21 59 22.1 +1.1 
13 38.0 14.3 +1.3 20 55 20.7 +0.7 
14 41.0 15.4 +1.4 19 51 29.2 +0 .2 
15 44.0 16.5 +1.5 18 49 18.4 +0.4 
16 46.5 17.5 +1.5 17 46 17.3 +0.3 
17 49.0 18.4 +1.4 16 44 16.5 +0.5 
18 51.0 19.2 +1. 2 15 41 15.4 +0.4 
19 54.0 20.3 +1.3 14 38 14.3 +0.3 
20 56.5 21. 2 +1.2 13 35 13.2 +0.2 
21 59.0 22.2 +1.2 12 33 12.4 +0.4 
22 61.5 23.1 +1.1 11 30 11. 3 +0.3 
23 64.0 24.1 +1.1 10 27 10.2 +0.2 
24 67.0 25.2 +1.2 9 24 9.0 +0.0 
25 70.0 26.3 +1.3 8 22 8 .3 +0.3 
26 73.0 27 . 4 +1.4 7 19 7.1 +0.1 
27 75.5 28.4 +1.4 6 17 6.4 +0.4 
28 78.0 29.3 +1.3 5 14 5.4 +0.4 
29 80.5 30.2 +1.2 4 11 4.1 +0.1 
30 - - - 3 8 3.0 +0.0 

2 6 2.3 +0.3 
Average error = +1.27 fathom 

Averae-e error = +0.62 

. 
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F G. - DIA GRAM OF DEPTH -I NDICATOR AS USED WITH MIDWATER TRAWL . 

Table 4 - Depth -Indicator Test 
(Towing test using bathythermograph as standard 

depth -indicator) 

BT 
Pressure 

Pressure 
Reading Depth Indicated Error 

Fathoms Lbs . /S9,. Inch ..... . {Fathoms} ...... 
5.7 18 6.8 

10.7 31 11. 6 
15.5 42 15.8 
20.2 56.5 20.8 
25.0 70 26.3 
30.0 82 30.8 

A verage error 

FIG. 4 - A ~ IN. NYLON ROPE WAS USED 
TO SUPPOR18 THE PRESSU'RE HOSE. THIS 
PROVIDES A MEANS OF ATTACHING THE 
HOSE TO THE TRAWL WARP ALONG ITS 
ENT~RE LENGTH. ALtHOUGH CONSIDER
ABLE TENSION IS APPLIED TO THE ROPE, 
NO CONSTRICTION OR BINDING OF THE 
HOSE IS EFFECTED. A SUPPORT ROPE IS 
NECESSARY FOR PROPER OPERATION OF 
THIS GEAR. 

This equipment is limited 
to a maximum depth of 113 
fathoms by the pressure ca
pacity of 300 p.s.i. of the hose 
used. When used with a 0 to 
200 p. s. i. pressure gauge the 
maximum depth limitation is 
75 fathoms. While these depths 
are sufficient for the specific 
use for which ·this equipment 
was d~signed, greater depth 
capaCIty may be attained by 
using a hose and gauge of greater 
pressure capacity. 

+1.1 
+0.9 
+0.3 
+0.6 
+1.3 
+0.8 

= +0.8 fathoms 

the depth indicator is accur' 
ate and dependable. It is of 
simple design, easy to oper' 
ate, and trouble free. Com' 
pared to some other types of 
depth -telemetering equipment, 
the cost is low. The prices 
of the components of gear as' 
sembled are: 

A i r cylinder ................ S 
Regulator valve . . .....•...... 
300 cubic feet of a ir .......... . 
i in. needle valves 3 @ $2.26 ea .. . 
Pressure ga~e ..... .•....... 

100 fathoms ttl in. hose 300 P.s.i. cap. 
100 fathoms -it in. nylon rope •.... 

Total .•. ................ 




