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Dredging Research

Technical Notes

Production Meter System Evaluation
on the Dustpan Dredge Jadwin

Purpose

This technical note describes the experiences and results of the use of a
production meter system on the US Army Corps of Engineers dustpan
dredge Jadwin. Data interpretation and usage, along with lessons learned,
are included in the information and will prove helpful to potential and new
users of production meter systems.

Background

Production meter information can be used to increase dredge production
and improve overall dredging efficiency. The data also can be used to im-
prove the understanding of the dredging process and the effect of specific
parameters on an individual dredge. As part of the Dredging Research Pro-
gram (DRP) work unit “Production Meter Technology,” a laboratory evalua-
tion of production meter components was conducted (Pankow 1989). This
evaluation was followed by a field demonstration in which a production
meter system was installed on a dredge to evaluate system reliability, repeat-
ability, and usefulness under actual dredging conditions. This technical note
summarizes the lessons learned in the installation and use of a production
meter and illustrates some of the ways in which the data can be used. Pro-
duction meter accuracy will be addressed in a separate field exercise on a
hopper dredge in which all the material can be captured in the hopper and
measured.

Additional Information

This note was written by Ms. Virginia R. Pankow, formerly manager of
DRP Technical Area 3. For further information, contact Mr. Steve Scott,
(601) 634-4286, or the DRP manager, Mr. E. Clark McNair, Jr., (601) 634-2070.

Note: The contents of this technical note are not to be used for advertis-
ing, publication, or promotional purposes. Citation of trade names does not
constitute an official endorsement or approval of the use of such products.

US Army Engineer Waterways Experiment Station
3909 Halls Ferry Road, Vicksburg, MS 39180-6199



In a cooperative research etfort, the US Army Engineer District, Vicks:
buraj, encouraged Dredo'ng Research Program researchers to use the Jadwin
to gain tield O\porlmue with the installation and use of a production meter
system. A preduction meter system consists of a density gage; a velocity
meter; an easy to visualize and understand output display; and a means of
recording, storing, and totaling the data. Since this was to be a temporary
ins'talia'tion the decision was made to use a doppier velocity meter which,
along with the nuclear aens,lty gage is uampea to the exterior or the als-
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The Jadwin (Figure 1) is a dustpan dredge operated by Vicksburg District
on the M1551551pp1 River, generallv between the mouth of the White River
near Rosedale, M1551551pp1 (river mile 599 above Head of Passes (AHP)), and
Kenner, Louisiana (river mile 115 AHP). The dustpan head is fitted with nu-
merous water jets to loosen and fluidize the sediment being dredged. The
slurry is discharged against a baffle plate at the end of a 1,000-ft-long float-
ing discharge line (Figure 2).

The production meter was used to evaluate the effect of pump speed and
water jet pressure on dredge production. In addition to removing sediment
from the navigation channel through the pipeline, some other process associ-
ated with the water jet fluidization of the sediment appears to be responsi-
ble for material movement. On this dredge, evaluating meter accuracy
would be imprac¢tical because there was no means of verifying the meter

Figure 1. Dustpan dredge Jadwin
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Figure 2. Jadwin discharge line

results. Collection of the dredged material in a confined site in which it
could be measured occurred only once when, unfortunately, the meter was

: \ lu \eter measures only that material which
passes through the discharge pipe, while the pre- and postdredging survey
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measures the total amount of material removed (or deposited) in the chan-
nel through both direct dredging and river action. The data were evaluated
for repeatability and reliability and were compared to the dredge logs to de-
termine how closely the production meter results replicated the volumes de-
termined by the dredge logs.

Installation

,_,.
o
cLag
o
]
Q
C
»
Y.
o
QO
=
Q.
—
[¢°)

Q‘ L Y
)]
[¢°]
o
=
Q.
se]
=
@]
[oN
c
o
g
=]
3
[¢°)
o
)
1
o]
el
]
=
ja¥)
j=
@]
5
=9
jo
=}
Q
¢}
~
»
@
O
=
Q.
=
aQ

¢
)
t

)
@]
o
Q)
(72
(¢®
ja¥

L
U

a
o
v

s o]
]
o]
[¢v])
A
[g°]
>>
(@)
(@]
=
-
=
faV]

Yy O
—r
b3
&
o
oV
3
QU
Low
@
[¢v]
@
-
@]
<
<
<
wn

=

3 <
.
o0
o0
O

—+
=
Q

—t
o
C
o)
oo
—
¢}
=
n
o

<)
W aq
[

aQ

o

w
]
-

7}

[y

)
jo
3

¢}
-
~
o
w
=g
aQ
bt
3

< T

=
o
n
.O 0O
3
o
-t
Q
LS
(=g
3
Q.
Y
Q.
Q
e
3

® o
W

[

~
L0

£

—
;
&
=2
o~
S
3
=~
S,
)
[»)
o
)
3
a

1

»

;
Qg

{

In the interim, a Nuclear Regulatory Commission (NRC) license was se-
f ¢ ive source (2,000-millicurie Cesium-13 i
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phase, and specific gravity was required. Desired output units of measure-
ment, accuracy, alarms, and response time information also were included
in the contractor’s information survey. During this time several planning
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ion meetings were held between the DRP l’rincipal Inves-

and coordina

F‘V‘

tigator (PI), the Vicksburg District and Jadwin key personnel, and the con-
tractor to share information and plan how the production meter information
would be used. Previous work (Pankow 1989) with ‘pi‘(‘»duCtiOI‘l meter com-
ponents and systems enabled the PI to anticipate potential areas of contlict.

The initial installation of the production meter system took place in mid-
August 1989 while the dredge was working in the Mississippi River below
Baton 1(ouge at Red I:ye Lrossmg (river mile 223.4 AHP). The installation
did not interfere with the dredging process since all sensors were mounted
he discharge pipe. The installation was ac mpusned by

echnician from Berthold and the DWS con-
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zontal (instead of the Dreferred 45 deg) because of room constramts (Fig-
ure 3). The velocity gage was mounted between the 7 and 8 o’clock posi-
tions on the discharge pipe about 4 ft downstream from the density gage.
The signal cables were run from the sensors to the wheelhouse and con-
nected to the Berthold signal processor unit.

The Chief Eng nee nd the
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to the Captain, and radlatlon safe 1nstruct10n
vided to the Captain and key dredge personnel.

) )
Calibration

The velocity gage was factory calibrated on a pipe section of the same ma-
terial and size as the Jadwin for a Velocity range of 0 to 26 ft/sec with 4- to
20-mA output s1gnal Only one measuring point was necessary for start-up
of the dens1ty gage, but the system has the capab111ty to accept additional

1brat10n values for 1ncreased accuracy A densrty gage is best calibrated

I'e

s of known density tnrougn tne plpe, 1deauy the car-
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meter was calibrated with river-wat
ing river water an automatic averaging program lcula ted th
pulses detected. This was equated toa measured volume and welzht of the
same water sample. Another required input value is the in-situ den51ty of
the bottom material. For the type of river dredging done by the Jadwin, a
simple field procedure was used to provide a good approximation of in-situ
density. This procedure can only be used with predominantly sandy mate-
rial containing very little mud or silt.
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22 ft/sec, but varies up to 26 to 28 ft/sec. The meter was returned to the fac-
tory for recalibration for a velocity range of 0 to 32 ft/sec. This enabled the

e to operate closer to mid d prevented the cage i

gage to operate closer to midrange and prevented the gage from exceeding
the scale range when velocities reached 26 ft/sec or greater. In July 1990,
after operating flawlessly since installation, the velocity meter be egan reading

an erroneous slurry velocity of 7 ft/sec when the dredge was pumping at
normal velocity of 20 to 22 ft/ sec. After troubleshootmg of all parts of the
system and circuitry (according to instructions received | with the velocity
meter and from telephone conversations with the service technician), the ve-
locity meter transducer and transmitter were returned to the factory for fur-
ther evaluation and repair. The meter was initially repaired with some ad-
justments to the circuit board. After a few weeks back in operation, the
same probiem reappeared' this time the entire circuit board was replaced. It
is possmle that the 4- to 20-mA driver circuitry became temperature sensi-
tive or that the vibrations of the dredge affected th The
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This was traced to a factory ratio setting in the detector that divided all radi-
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essage appeared. The
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The Berthold nuclear density gage has three basic parts—the nuclear

v

was giving counts of 260 to 300 pulses/sec which underranged the original

M
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meter, resulting in the probe failure message. A further problem developed
when the second detector continuously failed to operate properly, reading a
constant density value of 1.4 even with the dredge pumping only water.
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lem was solved by the installation of a second detector with a counting
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range of 0 to 5,000 pulses/sec. The density of the Arkansas River material

more frequent opening and closing than is normally encountered in the pro-
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source, the detector, and the signa1 processor massilow unit.
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assembly was replaced with some minor modifications to accommodate

shallower water, a density meter probe failure
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The divided counts became very low and resulted in
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ation counts by four.
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underranging the circuitry at the specific gravity limit of 1.4.
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lv both needs.

Technical Note DRP-4-05 (August 1991)

upp

AR}

jo)

h

h |

the signal to s

signal processor massflow unit receives inpu

'R}

N

e installation of a third detector with proper counting

1
i

11
(o4

s the output

1

i

I IR T |
eda witn
13
ola

1.
1

as so
€ Dr

massflow unit as well
vided a means of splitting or repeatin

w
erat



I 1¢ - o od in heo ont vigit tn tho drodeoe and niltimately all
1 h’nf) was aQaressea In a supseguent visit (O tne UITURT, allll Wilidiialcly ail
Q1OY ’]] '\(—‘L’(q ATore mot
Sipadi TCUS WL T

The operation of the signal processor massflow unit depended upon the
input of certain values to be used in the production rate calculation. Some
values such as plpe cuameter remam con@tant but others such as water and

e
c

—
o
r=

Q
—

o ®
-~
v

job)

Q.
ot

)

W

1)

]

(g

o

o«

1
cubl yards and Droductlon rate in cub1c Vard r hour of in tu mater1a1
rather than metrlc tons of solids. This svstem worked very well and pro-
duced several good data sets for evaluation. Other than some minor pro-
gram improvements, the computer and interface components performed as
designed.
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lighting for mghttlme v151b111tv was installed. Unfortunately, these meters
prov1ded percent of scale rather than units of density, Veloc1ty, and produc-
tion. Another problem was that the backlighting was too bright, with no
means of dimming, for the darkened pilot house during nighttime dredging.
This display was replaced by three 4- to 20-mA analog display meters (dial
gages) mounted in triangular fashion (Figure 4) and calibrated for velocity
(0 to 32 ft/sec), density (1.0 to 1.4 specific gravity), and production (0 to

100 cu ya /hr x 100). They were not backlit and were located about eye
level and to the right of the dredge operator. This output display was in ad-

A ool o X Y P IR PR m L ) PR IR Tl I SR R
aiuon to e computer ulSpldy screen, wnicn was lULa(E(.l penina ine areage
Armaratar it thy anaanan it 10 L oss Aalls; Alacad Aiiring Hia ttisma sy A sino
Uptratul, wiiil uic Lo lll.)ultfl 11 ubuduy 105U uuuug lllgllllllll uu:ug,ul

The system included a small printer that could either print the screen as
the values were recorded or print files from the data acquisition program
when that program was not running. Installing a quiet printer would be
advisable if data are to be printed while the dredge operator is working,.
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With the originally installed system, the production meter information ot

slurry v o]outv, densltv, and Droduahon rate were availabie on the analog
output display. The massflow unit digitatly displayed the density or
production rate, which could be recorded on the printer when desired.
With the enhancement of the system to include a small portable computer
with data logging and storing software, the production meter system met
the needs of all data users. The capability to retrieve and analyze data to
properly evaluate meter performance was achieved.

In addition to the analog output display, the software would display on
the screen the date, time, slurry specific gravity, calculated instantaneous
production in cubic yards per hour, slurry velocity in feet per second, and
total cubic yards dredged since the counter was reset to 0. A program

called PMETER was used to acquire the density and volume flow data from
the massflow unit. It calculated product1on rate and total yardage dis-
played information to the screen, and stored aata in two separate mes Data
for meter evaluatlon was recorde '
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Figure 4. Production meter readout display
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izer are input to the PMETER program.
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r measures only the sediment that

passes through the discharge line, while the Daily Dredge Report estimates
all the material removed from the channel with both direct and indirect (flu-
idization/agitation) dredging. The Jadwin’s average production rate for the
period May 1 through May 17, 1990, calculated by the production meter was
2,736 cu yd/hr, while the average rate from the Daily Dredge Reports was
3,429 cu yd/hr. The difference may be due to indirect dredging and report-
ing system inaccuracies. This difference appeared to vary with location and
type of sediment, but no statistical analyses were performed. For a dustpan
dredging operation, allowances must be given for the amount of material
that may be removed by the water jets on the dustpan head.

There also were differences in the pumping time/lost time recorded by
the Dredge Inspector and the values calculated by the software. The Dredge
Inspector uses the lost time values recorded by the dredge operator, while
the software was programmed to regard density levels below a designated
amount as nonproductive time. The value used in the software was low but
arbitrary and, ultimately, incorrect. The software will be modified and reap-
plied to the data, and these results will be included in the final report. This

Technical Note DRP-4-05 (August 1991)



10

ability to continuously monitor slurry density enables the verification of
dredging time and time lost (to activities such as clearing the head, allowing
river traffic to pass, and resetting the anchors) and is a valuable source of in-
formation when monitoring a contract dredge

MNeadaging Davassenlae Toot

LTeAagIiing raraimeer 1est

The production meter information was used to better understand the ef-
fects of dredge pump speed and water jet pressure on the Jadwin’s dredging
ability. With the water jet pump operating in the normal mode of 70 p51 at
1,000 rpm’s, the dredge pump speed was varied from 150 to 190 rpm’s and
production meter data of slurry density and velocity were recorded. The
data show that slurry Veloc1ty is 1n1t1a11y directly related to dredge pump
speed but reaches a maximum and then remains constant as shown in
Table 1.

Table 1

Influence of Dredge Pump Speed on Production

urry
Pump Density Velocity Production Rate
rpm’s (specific gravity) ft/sec cu yd/hr
150 1.15 i7.5 2,400
160 1.18 17.7 2,900
170 1.16 18.7 2,700
180 1.22 21.0 4,300
190 1.20 21.0 3,727
The slight decrease in slurry density at 170 rpm’s is inconsistent, and even
though the slurry velocity increased (from the 160-rpm value), a decrease in
production rate is observed. These data illustrate that density is the more im-
portant factor in the production equation.

To evaluate the effect of water jet pressure on dustpan dredging, the
water jet pump pressure and speed were varied from 0 to 70 psi with the
dredge pump speed held constant at 190 rpm’s. The data listed in Table 2
and displayed in Figure 5 show that a water jet pump pressure between 16
and 38 psi (500 to 750 rpm’s) is needed before a pipeline slurry den31ty
above 1.1 specific gravity can be obtained. There appears to be a minimum
water jet pump pressure necessary to fluidize and expand the sediment for
creating a sediment environment for the dustpan head to dredge Figures 5

and 6 illustrate the inverse relat1onsmps between Veloc1ty and den31ty, and
velocity and production, while Figure 7 shows the direct relationship be-
tween density and production

Technical Note DRP-4-05 (August 1991)



- wray
Pressure Density Velocity Production Rate
psi (specific gravity) ft/sec cu yd/hr
0 1.05 23.1 1,240
6 1.09 22.6 1,945
16 1.09 22.3 1,867
38 1.15 21.7 2,930
50 1.17 21.4 3,274
70 1.19 21.2 3,728
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Figure 7. Jet pump pressure versus slurry density and production rate
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A production meter system consisting of a doppler velocity meter, a nu-
clear density gage with signal processor and production calculation unit, an
analog output display, and a printer was installed on the dustpan dredge
Jadwin. It was enhanced with computer hardware and software to record
and store production meter data. The purpose of this effort was to evaluate
the reliability and repeatability of the system and its components. The data
proved to be consistent and reasonable. Instrument malfunctions were easy
to recognize and, once understood, uncomplicated to correct. The meter

IS I R PR | _A.‘lli R --__‘l_'l

manufacturers were avauabie and involved, and they corrected all instru-

The data were used to better understand the effects of water jet fluidi-
zation and pump speed on the dredging process. Preliminary data from
one location and depth indicated that direct dredging accounted for about
tell) percent ot the total dredging tor that time period and location. Data
from other locations indicated a value as low as 40 percent. The data also

1 1 1
were used to identify the jet pump pressure needed to produce the neces-
PRUSRS N Y . I L < L T A ~ax ~LL2 . PR D < PR [
sary level of sediment fluidization for efficient dredging. It was demon-
ctsntnad Elant classmrcr v7alamitsr anm A dwnadan mrimnm cmannd ava Aivantlyy walatad A A
stiatcu uidtl Luu_y VCIULIL)’ dIlii ulcugt‘ Pu.llll.) DPCCU dic UlIceClly icialtcu ditu
reach a maximum value, while slurry velocity remains constant even with
an increase in pump speed.

Data were gathered that illustrated the direct relationship between den-
sity and production, and the inverse relationships between slurry velocity
and density, and siurry velocity and production. As the density of the
slurry increased 'tn

elocity decreased with the energy being used to move
al through the pipeline.

.._.. >—-l

These dredging parameter tests illustrated that current dredging practices
employed on the Jadwin are well suited for the dredging equipment. The
use of production meter data to customize dredging practices for specific
site characteristics of sediment and water depth can make the dredging pro-
cess more uniform and efficient.

These observations were based on preliminary data recorded throughout
the dredging season at selected times when the system was working well.
To fully substantiate these findings, further tests should be conducted over
longer time periods. The final values undoubtedly will vary with the spe-
cific dredging sites and conditions, but the trends identified above are ex-
pected to remain essentially the same.
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Recommendations

The experience with the production meter system on the Jadwin provided
a beneficial learning experience. The information in this technical note will
enable others to-avoid similar problems and proceed quickly with the
planning, purchasing, installing, and functioning phases of operation. Some
areas of consideration are:

® Include the users of th 1 d ir
process. Each user may have different needs, and all needs should be

addressed.

® Decide on the units of measurement for the output gages and identify
the realistic ranges of readings that will be obtained.

[ ] Re crire the contractar 11ndercetandce the individiial neede and nravidec
Be sure the contractor understands the individual needs and provides
an explanation of all equations used to calculate dredge production.

® Have the output readout display calibrated so the normal operating
range is about midscale and specify the scale of values such that
changes of 2 to 5 percent can be detected.

a ocon tho niitniit dignlavy 1imeamnlicatod en tho ryrei Arys 118or ~an nacilys
T ANETP i Uutpud Uispiudy uniluddipulailcl SU Ui priilidly Uustt Ldit Casiu
nhcp“"ﬂ ﬂhA 1‘“{4‘31"C"Qﬂ{" tho TQQAIY\(YC
LrsCIVE alliv unllisuani Uik icalings.

® Decide where the output gage(s) will be located; identify the accept-
able parameters of instrument height, light, noise, and other

parameters.

- T£ tlhn axrobntn 10 Armdlamamrnad ciriblh msmmsmsabam mmammad oo v ~asmmlatlits Aan 2o~

- 11 Ui OLCIIL 15 ClH1AIILCU WiLll LUllllJul,Cl cCorul 15 LdeUlllllUb, usc
cenftirare that can hao oacilyy madifinod and that wrill moot all 11core noenda
OSULILYYALT uiwdL Ldll T CTdadoill 111IVUULILICU dlilud Al ¥vill 111ITCL dil UoTi1O 11CCuUo.

® Fully understand the operation and maintenance of the equipment
and take advantage of manufacturers’ training courses when offered.
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e Verify that meter service is available and that the manuals on the
dredge are the same as the ones used by the service technician; deter-
mine the hours when this service is available.

Preplanning and good communications with the instrument vendor are es-
sential to minimize problems that may arise during the installation of new
equipment
equipment.
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