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STANDARD OPERATING PROCEDURE 
Procedure for Injecting Organisms and Solids into the  

GSI Land-Based RDTE Facility 
 
BACKGROUND 
 
The Great Ships Initiative (GSI) is a collaborative effort to end the problem of ship-mediated 
invasive species in the Great Lakes-St. Lawrence Seaway System through independent research 
and demonstration of environmental technology, financial incentives and consistent basin-wide 
harbor monitoring. To that end, GSI has established research capabilities at three scales—bench, 
land-based, and shipboard. Each scale is dedicated to addressing specific evaluation objectives, 
with protocols as consistent with IMO and federal requirements as practicable. Developers of 
ballast treatment systems apply for GSI research services online, and awards are offered based 
on an objective review process. GSI incubation/testing will allow meritorious ballast treatment 
systems to progress as rapidly as possible to an approval-ready and market-ready condition. 
 
The GSI’s Land-Based Research, Development and Technology Evaluation (RDTE) Facility in 
Superior, Wisconsin is used to conduct full-scale biological evaluations of prospective ballast 
treatments suitable to Seaway-sized vessels. The facility draws raw intake water and entrained 
organisms from Duluth-Superior Harbor at up to 680 m3/hr. After initial transport through 16 
inch HDPE line to the facility, a carefully designed “Y-split” in the intake piping simultaneously 
channels one half of the flow (up to 340 m3/hr) to a treatment track and one half (up to 340 
m3/hr) to a matched control track (figure 1). Water in the treatment track passes through the 
experimental ballast treatment system and into one of the 200 m3 cylindrical treatment retention 
tanks (test tank #1 or #2; figure 1). Water in the control track by-passes the treatment system and 
is channeled directly into a matched control retention tank (control tank #1 or #2; figure 1). After 
storage (duration dependent on test requirements), the water is discharged sequentially from the 
treatment and control retention tanks at up to 340 m3/hr. Depending on the test scenario, the 
water is either discharged to the harbor or sewer system, into an alternate retention tank, or 
through the treatment system again for discharge or retention.   
 
Treatment and control intake and discharge water is sampled at pressure/flow controlled in-line 
sample points (SPs). Intake samples are collected concurrently on the control and treatment 
tracks respectively (using SP2 and SP3, figure 2). Post-treatment samples are collected from 
SP15 (figure 1). Discharge samples are collected from one of two discharge sample points (SP9, 
or SP10; figure 2), with sequential sampling of control and treatment water. At each of these SPs 
there are three replicate sample ports with a center-located 3.8 cm internal diameter (ID) elbow-
shaped pitot tube (figure 3) connected to a 3.8 cm ID PVC transfer pipe that carries the sample 
water to one of six collection tubs located at a centralized sampling station (figure 2). Other SPs 
shown on figure 1, with one port per SP, are used for calibration testing the facility itself and not 
typically used for sample collection during a treatment system evaluation.   
 
A mobile field laboratory provides bench-scale facilities to support time-sensitive assays 
associated with tests conducted at the GSI Land-Based RDTE Facility. The laboratory is located 
at the facility during testing but may be moved to other sites in the Great Lakes-St. Lawrence 
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Seaway System to support GSI shipboard tests when required. It is climate-controlled, and has 
enough desk and counter space to allow for simultaneous microscopic and analytical analysis of 
zooplankton, phytoplankton and bacteria samples.  In addition, laboratories of the University of 
Wisconsin-Superior’s Lake Superior Research Institute (LSRI) and the University of Minnesota-
Duluth’s Natural Resources Research Institute provide non-time sensitive analysis of samples 
from the land-based tests. Since both facilities are only a few miles from the facility, samples can 
be easily transported for rapid analysis. 
 

Figure 1. Simplified Schematic of the GSI Land-Base d RDTE Facility. 
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Figure 2. Schematic of the GSI Land-Based RDTE Faci lity Showing the Location of the Intake and 
Discharge Sample Points (SPs), Sample Ports, and Co rresponding Sample Collection Tubs. 

 

 
 

 
Figure 3. Schematic of a Sample Point (SP) Showing the Design of the  

Three Sample Port Pitots.  
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INTRODUCTION 
 
This GSI Standard Operating Procedure (SOP) describes the procedure used to operate the GSI 
Land-Based RDTE Facility in Superior, WI. It details how levels of TSS and organisms found in 
the natural harbor water can be increased by using the organism pressure injection system (OPIS; 
see figures 1 and 2) and the solids injection system (SIS; see figure 3).  The two systems are kept 
separate to reduce the risk of mortality in the organisms.  The OPIS is used to inject surrogate 
organisms into the facility in a way that causes as little mortality in the organisms as possible. 
Air pressure is used to push organisms into the main facility, no pumps are used.    
 
EQUIPMENT 
 

·  Solids Diaphragm Pump 
·  200 Gal Cone Bottom Solids Tank  
·  Solids Injection Pitot 
·  Mechanical Agitator 
·  100 Gal Pressure Vessel 
·  Flow meter 
·  Organism Injection Pitot 
·  Diaphragm valve 
·  Dust mask 
·  Protective glasses 
·  Test Particulates 
·  Sump Pump 
·  Sieve No. 7 (2.83 mm openings) 
·  Plankton nets (20-50 µm mesh) 
·  50 mL plastic bottle 
·  Pipette. 

  
PROCEDURE 
 

Solids Injection System 
 

1. Prepare and weigh the solids in jars off site. Use ISO 
12103-1 A2 Fine test particle.. Bake the test particles at 
190o C for one hour to insure the facility is not 
introducing any foreign organisms. 

 
2. Test harbor water for TSS at the bay pump on the day 

prior to the trial. 
 
3. Use the TSS reading of the ambient bay water (TSSb) to 

determine the volume of water to be used in the SIS tank. 
The flow rate injected from the SIS tank is a constant; 
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the TSS in the facility is controlled by diluting the TSS in the SIS tank so that after 
injection the main system TSS is expected to be 60 mg/L. The dilution uses the following 
equation. 

 
 

Where: Bay Pump Flow (l/min)  = Qb 
TSS reading of the Bay (mg/l) = TSSb  
TSS in SIS Tank (mg/l) = TSSs  
SIS Flow Rate (l/min) = Qs 
Where Qs is a constant of 0.81 m^3/hr (3.6 GPM) when a 
system flow of 340 m3/h (1500 gpm) is used. 

 
4. Close SIS valves 1,2,3,4, and 5 prior to filling the tank; SIS valves 6, 7, and 8 should be 

open. 
 
5. Fill the tank to a volume that will cause a concentration of 

TSSs in the SIS tank once the solids are added.  Once the 
tank is full, start the mechanical agitator.  

 
6. Open the pre-measured jars of test particles and pour 

contents one by one into the tank. Do not add the next jar 
until there are no visible clumps of test particles from the 
previous jar.  After all solids are added, mix the solids are 
for a minimum of twenty minutes before the trial is started 
and the solids are injected into the facility.   

 
7. Open SIS valve 1 just prior to starting the trial. Open valve 3 briefly to let a small amount 

of the solid rich water to leak out and show that there is no clogging of the lines. 
 
8. Turn the automatic solids injection “on” on the control panel. 
 
9. Once the trial is started the controls automatically flush water through the intake piping 

and discharge back to the bay for three minutes before water goes into the tanks during 
the trial. 30 seconds after the flush has ended, the diaphragm pump starts and solids are 
injected into the facility for the duration of the trial. At the end of the trial the diaphragm 
pump will automatically shutoff.  

 
10. Flush the remaining water and solids from the SIS tank and pump after the trial is 

complete.  
  

 Organism Collection 
 

Before filling of the tanks can begin, it is critical to ensure that the intake density of organisms in 
the 10-50 µm size class is at least 1000 cells/mL. This is achieved by maintaining a concentrated 
“soup” of phytoplankton collections that can be injected during filling to supplement the ambient 
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concentrations in the harbor water. The soup is collected as soon as possible prior to filling to 
minimize mortality. 
 

1. Repeatedly collect phytoplankton using a plankton net with mesh size of 20-50 µm. 
Several hours of collection and backwashing may be needed to provide several hundred 
gallons of soup for injection. 

 
2. Approximately one hour prior to injection, stir the phytoplankton soup using a canoe 

paddle, ensuring the soup is fully mixed, including resuspension of any sediments. 
Collect approximately 10 mL from the soup in a 50 mL plastic bottle, approximately 10 
cm below the surface of the soup. Using a pipette, subsample 0.5 mL from the bottle and 
add it to a 25 mL sample bottle. Dilute the subsample to 20 mL (40X dilution) with 
filtered harbor water (see GSI/SOP/LB/RA/SA/1 to derive filtrate). Assess the sample for 
viable cell density according to GSI/SOP/LB/RA/SA/1, ignoring taxonomic 
considerations (i.e., simply count living cells and do not assess entities or taxonomic 
information). 

 
3. Approximately a half-hour prior to injection, collect a 1 L sample of harbor water from a 

collection tub. Assess the sample for viable cells according to GSI/SOP/LB/RA/SA/1 
without taxonomic consideration (i.e., simply count cells and do not assess entities or 
taxonomic information). 

 
4. Based on the concentrations of cells in the soup and in the harbor, calculate the volume of 

soup needed for injection in order to derive a final, conservative concentration of 1500 
cells/mL in the intake water. 

 
Organism Pressure Injection System 

  
1. Close OPIS valves 1, 2, 6 and 9.  
 
2. Stir the concentrated culture water in the retention pond using a plastic paddle the add the 

culture to the tank by either of two methods: 
 

a. Direct transfer from one of the organism collection pools using a submersible 
pump. The water is poured through the #7 sieve to protect the injection equipment 
from larger particles.  

b. If concentration is required the water, first concentrate into a 20 micron net and 
then transfer the water from the caught end to the pressure vessel.  

 
3. Once all the organisms have been added to the pressure 

vessel using either method, fill the vessel to the 100 gallon 
mark with bay water. 

 
4. Open the air release valve (OPIS valve 10) on the tank lid. 

Also open OPIS valves 4, 5 and 8 to bubble water through 



Procedure No.                 GSI/SOP/LB/G/O/5 
Issue Date:  September 1, 2009 

Number of Pages:  10 
 

the pressure vessel and keep the water agitated. Replace the tank lid and bolt down. Plan 
operations so that the tank sits in this state for as short a period of time as possible.  

 
5. Enter a flow rate on the control panel so that the entire OPIS tank can be discharged into 

the facility at a constant rate throughout the length of the fill.  Enable automatic injection.  
Set valve FCV-500 to 0 % open. Open OPIS valves 1 and 3 between the pressure vessel 
and the main system.  

 
6. Just before the trial is about to start close the release valve (OPIS valve 11) and open 

valve 10. This will pressurize the pressure vessel. Adjust the regulator so that the pressure 
vessel maintains a pressure of 25 psi over the planned system pressure. Once the pressure 
differential is reached the OPIS is ready and the trial can begin.   

 
7. Flush water automatically through the intake piping and discharge back to the bay for 

three minutes in the main facility before water goes into the retention tanks. 30 seconds 
after the flush ends the diaphragm valve starts to open and organisms are pushed into the 
facility by the pressure differential.  Note: On the SIS discharge line there is a diaphragm 
valve and flow meter.  The flow meter reports and records the flow rates in the injection 
piping. From that flow rate the diaphragm valve will automatically adjust itself to reach 
the flow rate entered at the control panel.   

 
8. Once the retention tanks have been filled and the bay pump shuts down the diaphragm 

valve FCV-500 also shuts. 
 
9. Close OPIS valve 10 and open valve 11 to release the pressure inside the vessel. Check 

the pressure gauge on the top of the vessel to confirm that it reads 0 gauge pressure.   
 
10. Unbolt and remove the top hatch of the OPIS pressure vessel. Remove and dispose of the 

remaining organisms. Clean the vessel and flush the lines with potable water. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. OPIS Valves 
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Figure 2. OPIS Lid Valves 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 3. SIS Valves 
 
QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 
 

1. Conduct all quality assurance/quality control procedures according to the GSI/QAPP/1 - 
Quality Assurance Project Plan (QAPP) for Great Ships Initiative Bench-Scale and Land-
Based Biological Tests (2009).  

 
2. Follow all procedures outlined in this SOP. Any deviations known ahead of time must be 

approved by the GSI Principal Investigator or one of the two Lead On-Site Investigators. 
Any deviations made during the experiment must be recorded and also approved by the 
GSI Principal Investigator or one of the two Lead On-Site Investigators as soon as 
practicable. 
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DATA STORAGE AND ARCHIVING 
 

1. Store and archive data according to GSI/QAPP/1 - Quality Assurance Project Plan 
(QAPP) for Great Ships Initiative Bench-Scale and Land-Based Biological Tests (2009).  

 
2. Archive all hard- and electronic-copies of data and records generated for a period of five 

years. 
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