
Conclusions and Future Work

The U.S. Naval Academy (USNA) is continuing to work with the U.S. Naval Research 

Laboratory (NRL) and Pearl Harbor Naval Shipyard (PHNSY) to improve the use of pierside

Chlorination Units (CU) to reduce or control biofouling of submarine seawater cooling systems. 

Results from previous research (Caniban, 2019) supported sodium thiosulfate (Na2S2O3, NaTS) 

as an alternative dechlorination agent in shipyard systems but left questions as to the optimal 

levels of chlorination required to reduce or control biofouling and any potential effects on 

shipboard systems materials from dechlorination with NaTS to levels that allow PHNSY to 

meet regulatory discharge requirements. In this study, copper-nickel (Cu-Ni) plates simulating 

U.S. Navy heat exchanger materials were deployed in the brackish Severn River for one month 

and regularly subjected to different chlorination/dechlorination treatments to investigate the 

efficacy of chlorination (> 2 ppm Total Cl2) in preventing or reducing biofouling and to 

investigate potential impacts of dechlorination with NaTS on Cu-Ni surfaces. Results of this 

study were inconclusive but suggest the need for similar, more rigorous and controlled follow-

on studies better simulating conditions in U.S. Navy submarine seawater cooling systems 

circulating full-salinity seawater at times with high biofouling growth rates. An engineering 

design for a testing system to conduct such studies is proposed.   

• Wintertime biofouling growth rates were low. No 

significant difference in biofouling growth was noted 

between the control plates and plates regularly soaked in 

Severn River waters chlorinated to  > 2 ppm Total Cl2 or in 

chlorinated waters dechlorinated to < 0.1 ppm Total Cl2

with NaTS .

• No significant variations in pH were noted in the control or 

treatment tanks between the start and end of 2-3 hour soaks 

but increased Cu concentrations were noted in select 

treatment soaks that may warrant further study.  

• Results were inconclusive but suggest the need for similar, 

more rigorous, controlled follow-on studies that include 

organism-specific toxicity assessments conducted utilizing a 

specialized testing rig (Fig. 5) that better simulates U.S. 

Navy submarine seawater cooling systems circulating full-

salinity seawater at times with high biofouling growth rates. 
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Figure 1. Map showing the study area and location 

for test plate deployment in the lower Severn River 

estuary, a brackish sub-estuary of Chesapeake Bay, 

near the U.S. Naval Academy (USNA) Hendrix 

Oceanography Laboratory, Annapolis, MD from 14 

February - 20 March 2020.  

A biofouling study was conducted in the brackish lower Severn River estuary near the USNA 

Hendrix Oceanography Laboratory (HOL), Annapolis, MD (Fig. 1).  The study utilized 

gridded 3” x 5” Cu-Ni plates to simulate the material surfaces of a typical U.S. Navy 

heat exchangers and employed a 3 x 3 experimental set-up (Fig. 2). 

Results and Discussion

Date
Free Cl2 (ppm)

Total Cl2
(ppm)

Cu (ppm) pH

i f i f i f i f

18FEB

C 0.01 0.01 0.01 0.01 0.09 0.12 7.81 7.93

T1 0.81 0.06 0.99 0.12 0.01 0.19 8.12 8.12

T2 0.01 0.00 0.01 0.01 0.06 0.30 8.11 8.18

21FEB

C 0.01 0.01 0.01 0.01 0.08 0.13 7.92 7.96

T1 3.16 2.13 3.60 2.52 0.08 0.12 8.40 8.28

T2 0.01 0.01 0.01 0.00 0.10 0.13 8.54 8.43

25FEB

C 0.01 0.01 0.01 0.00 0.11 0.14 8.09 8.10

T1 2.24 0.39 2.46 0.63 0.10 0.06 8.31 8.17

T2 0.15 0.01 0.24 0.04 0.02 0.14 8.23 8.17

28FEB

C 0.01 0.01 0.01 0.01 0.05 0.09 8.22 7.99

T1 2.03 0.60 2.35 0.83 0.19 0.20 8.07 8.15

T2 0.01 0.01 0.01 0.00 0.16 0.12 8.27 8.21

03MAR

C 0.01 0.01 0.01 0.01 0.02 0.10 7.98 7.92

T1 2.30 0.55 2.72 0.75 0.03 0.10 8.26 8.02

T2 0.06 0.01 0.13 0.01 0.06 0.12 8.21 8.02

06MAR

C 0.00 0.01 0.02 0.01 0.02 0.17 7.99 8.04

T1 1.93 0.51 2.33 0.69 0.04 0.16 7.95 8.15

T2 0.01 0.00 0.02 0.00 0.25 0.25 8.23 8.17

10MAR

C 0.01 0.01 0.01 0.01 0.14 0.06 8.22 8.19

T1 1.55 0.18 1.76 0.30 0.10 0.46 8.29 8.22

T2 0.01 0.01 0.01 0.01 0.04 0.08 8.29 8.25

13MAR

C 0.00 0.01 0.00 0.01 0.00 0.10 8.05 7.99

T1 1.10 0.63 1.35 0.79 0.03 0.12 8.14 8.06

T2 0.02 0.01 0.02 0.01 0.02 0.31 8.19 8.12

16MAR

C 0.00 0.01 0.02 0.01 0.04 0.05 8.07 7.89

T1 1.36 0.63 1.64 0.78 0.06 0.18 8.11 7.98

T2 0.02 0.01 0.02 0.01 0.03 0.16 8.09 8.01

Figure 2. Set-up and deployment plan for biofouling 

experiment consisting of control plates (x3) and 2 sets of 

treatment plates (T1 & T2, 3x each).

Figure 3. (A) Midshipman 1/C Pia 

Mackie, Midshipman 1/C Brennen Means, 

and Midshipman 1/C Lauren Vernazza 

deploying test plates in the Severn River 

near HOL and (B) Picture of soak tanks.

Table 1. Measured Free Cl2 (ppm), Total Cl2 (ppm), Cu (ppm) and pH values 

in control and treatment tank waters measured at the start (i) and end (f) of 

soaks conducted between 18 FEB - 20 MAR 2020.

Figure 4. Measured Temperature (°C), salinity, pH, Turbidity (NTU), 

Chlorophyll-a (Chl-a; ug/L), and dissolved oxygen concentrations (DO; mg/L) 

at the 2-3 m depth of the Severn River over the course of the study from 14 

FEB - 20 MAR 2020. Also shown are images of control (C, red) and treatment 

plates (T1, blue & T2, yellow) before soaks over the course of the study: 18 

FEB 2020; 03 MAR 2020; and 20 MAR 2020.  Magenta circles indicate plate 

grids that has some visual sign of macro-biofouling.

Figure 4 shows water column conditions at 2-3 depth in the Severn River from 14 FEB 2020 to 20 MAR 2020. After 28 FEB 

2020, water temperatures began to rise as do Chl-a concentrations indicating conditions more favorable for biofouling growth. 

There were some indications of early macro-biofouling starting in early March, but no significant difference in growth was noted

between the control (C) plates and plates regularly soaked in Severn River waters chlorinated to  > 2 ppm Total Cl2 (T1) or in 

chlorinated waters dechlorinated to < 0.1 ppm Total Cl2 with NaTS (T2). Research by others has shown a wide range of 

organism tolerance to chlorination that is a function of chlorine concentration and time of exposure. The amount of Free Cl2

available to control biofouling can be affected by water temperature, particulates, and organic matter (OM), and intermittent

dosing, like the 2-3 hour soaks used in this study, have been shown to be less effective than continuous dosing (Wegand et al., 

2015). Table 1 shows measured Free and Total Cl2, Cu concentrations, and pH values in tank waters measured at the start (i) and 

end (f) of soaks conducted from 18 FEB - 20 MAR 2020. A significant reduction in Total and Free Cl2 can be seen during all T1 

soaks likely due to volatilization and/or loss to OM (Caniban, 2019). No significant variations in pH were noted in the control 

(C) or treatment tanks between the start and end of 2-3 hour soaks but increased Cu concentrations (+ > 0.1 ppm) (noted in bold)

in select treatment soaks warrants further study to include detailed post-treatment material analysis of Cu-Ni surfaces.

Figure 5. Engineering diagram of a proposed testing system for follow-on 

chlorination/dechlorination studies to improve the use of pierside CUs to 

reduce or control biofouling of submarine seawater cooling systems (modified 

from drawing by C. Brady, Azimuth Technical Consultants, Inc.).

Control and treatment plates were deployed off a pier at 2-3 m depth in the lower Severn River 

near HOL from 14 February - 20 March 2020 (Fig. 3A). Plates were recovered ~2x per week 

for 2-3 hour tank soaks (Fig. 3B). Control plates (C) were soaked in Severn River water. 

Treatment 1 (T1) plates were soaked in Severn River water chlorinated to > 2 ppm Total Cl2

with concentrated Clorox beach. Treatment 2 (T2) was the T1 solution dechlorinated with NaTS 

prior to soak to the PHNSY regulatory discharge limit of < 0.1 ppm Total Cl2 at an 

overburdened dechlorination agent-to-chlorine weight ratio > 1.5 (Caniban, 2019). Pictures 

were taken of test plates on a white background next to a non-test Cu-Ni plate to document 

visual signs of biofouling. Free Cl2, Total Cl2, Cu, and pH were measured at the start (i) and end 

(f) of soaks using a Hach SL1000 - PPA Portable Parallel Analyzer- Portable Colorimeter with 

Chemkey reagents. Water quality of the Severn River at the 2-3 m depth was measured between 

plate recovery and re-deployment using a Hach DS5X multiparameter water quality sonde.   

References: Caniban, 2019, USNA Oceanography Department Independent 

Research Report, 26 p.; Wegand et al., 2015, U.S. NRL Report, 33 p. 
.
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