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EXECUTIVE SUMMARY 

Subsequent to the October 2015 sinking of the Steamship (SS) EL FARO with loss of life, a Coast Guard 
(CG) Marine Board of Investigation (MBI) reviewed why searchers could not relocate the remains of a 
victim in an immersion suit.  A board member requested CG Research and Development Center (RDC) help 
in determining the extent of previous immersion suit experiments (separate from the testing requirements in 
Title 46 Code of Federal Regulations (CFR), Section 160) and whether the immersion suits EL FARO 
carried retained flotation capability after extended time in the water. 

The RDC planned and conducted a test to see if weighted mannequins in the same type of immersion suits 
showed any loss of flotation after a two-week period.  Researchers used mass-distribution information from 
the Tri-Service Aeromedical Research Panel to ballast a “plus-size” male mannequin to best reflect the 
weight distribution of a large, adult male.  After a “trial run” at the RDC in New London, CT, including 
floating a weighted mannequin in a swimming pool, the test team disassembled and moved all the gear and 
equipment to the Joint Maritime Test Facility (JMTF) in Mobile, AL for actual deployment. 

The RDC test team selected the JMTF’s Little Sand Island Basin for deployment location due to its 
relatively-close, but out-of-the-mainstream location near the JMTF, so the experiment would have a better 
chance to succeed without the risk of having the mannequins disturbed by commercial and recreational 
vessel traffic, and so US Naval Research Laboratory (NRL) contingent transiting to Little Sand Island and 
the ex-USS SHADWELL test vessel could conduct regular, twice-daily observations of the mannequins’ 
condition.  

The test team spent a full day attaching and reattaching the ballast to the mannequins, inserting the weighted 
mannequins into the immersion suits, outfitting each suited mannequin with a chlorinated polyvinyl chloride 
(CPVC) measurement-reference frame, and determining a “dry weight.”  On 8 June 2016, with the 
assistance of the NRL contingent and their landing craft,  the RDC team moored two weighted mannequins 
in immersion suits in the basin at Little Sand Island, Mobile River, AL.  The tethered, but free-floating 
mannequins remained in the water for a two-week period. 

Throughout the two-week period, observations indicated no-to-little loss of flotation, with an extremely 
small amount of water intrusion into each suit (less than one liter of water).  However, the suits did accrue a 
significant amount of marine vegetative growth that masked the apparent waterlines of the immersion suits. 

On 23 June 2016, RDC used Aids to Navigation Team (ANT) Mobile’s vessel CG 64350 with crane to 
recover mannequins.  Initial recovery weight (measured with a 50,000-lb load cell (dynamometer)) showed 
an estimated 20 and 30 pounds increase in weight for each mannequin. Once reweighed (on the same 
electronic platform scale initially used on 8 June), each weighted mannequin and immersion suit 
combination did reflect an approximate ten-pound increase in weight.  However, when the test team drained 
the immersion suits, they recovered less than one liter of water from each suit.  The team surmised that the 
heavy, wet marine vegetative growth significantly affected the weight. 

Though environmental conditions were benign for the two-week period, the test team concludes that the 
Coleman-Stearns I590 immersion suits did not appreciably lose flotation during the test. 
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1 BACKGROUND 

On 1 October 2015, the Steamship (SS) EL FARO, a 790-foot, U. S. Flag, combination roll-on, roll-off-
container (RO-CON) vessel sank in the Atlantic Ocean, northeast of Crooked Island, Bahamas during 
Hurricane Joaquin. On 4 October, searchers located an unidentified, deceased crewmember in an immersion 
suit.  On subsequent searches, searchers were not able to relocate the victim and suit. 

1.1 Introduction 

Though finding an object at sea, especially in post-hurricane conditions, and subsequently relocating that 
same object is inherently difficult, investigators for the Commandant Marine Board of Investigation raised a 
concern as to whether an immersion suit in general, and the make and model said to be aboard the SS EL 
FARO, in particular, would retain flotation capability after 5 days (and possibly as long as fourteen days). 

The investigator initially inquired of the CG Headquarters Lifesaving and Fire Safety Division (CG-ENG-4) 
as to whether there are any models, studies or anecdotal evidence that would indicate how long a survival 
suit with a deceased body would or could be expected to float.  CG-ENG-4 is responsible for the 
development and implementation of regulations and standards for Lifesaving Equipment under Title 46 
Section 160 of the Code of Federal Regulations (46 CFR 160).  Though they are involved in immersion suit 
standards development, and have participated in wave-tank demonstrations as seen in Figure 11, CG-ENG-4 
did not have background information on development of the existing immersion suit performance standard, 
which includes “The measured buoyancy must not be reduced by more than 5% after 24 hours submersion 
in fresh water.”2 

CG-ENG-4 recommended the investigator contact the Research and Development Center (RDC) as another 
source of background information.  After an initial discussion, the investigator specifically posed the 
following question to RDC: "How long a survival suit with a deceased body would or could be expected to 
float. The water temperature was reported to be approximately 81 degrees." In response to the investigator’s 
request, the RDC planned and conducted a test to see if weighted mannequins in the same type of 
immersion suits used aboard EL FARO showed any loss of flotation after a two-week period.   

                                                 
 
1 CG-ENG-4 email, 11 Apr 16 
2 46CFR160.171-11.  Immersion Suits, Performance 
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Figure 1.  Immersion-suit clad CG-ENG-4 representative in wave tank. 

1.1.1 The Coleman-Stearns I590 Immersion Suit 

The Coleman-Stearns I590 immersion suit is designed to provide both flotation and prevention from water 
ingestion/aspiration, and also provides protection against hypothermia.  

 

Figure 2.  Coleman-Stearns I590 immersion suit. 
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To comply with 46 CFR 160.171, the “suit must have a stable floating position in which the wearer’s head 
must be tilted to a position between 30° and 80° above the horizontal, with the mouth and nose at least 120 
mm (4 ¾ in.) above the surface of the water.”3 

As the Coleman-Stearns I590 Immersion Suit is available in sizes from “Adult Oversize” to “Child/Small 
Adult,” we chose the “Adult Universal,” which is rated for a chest size of 30-52 inches (in) (76-132 
centimeters (cm)) and weight from 110-330 pounds (lb) (50-150 kilograms (kg)). 

Appendix A is the Coast Guard Certificate of Approval for the I590 Adult Universal immersion suit. 

For this test, RDC used one, approximately five year-old suit that saw occasional use for training aboard a 
local CG cutter, and a second, fresh from the factory, brand-new suit.  RDC staff carefully inspected the 
older suit, and found no signs of wear, abrasion, tears or rips, nor material failure, including adhesive seals.  
Because we received this suit from the CG Cutter ALBACORE, throughout the test we referred to this suit 
as “suit-A,” and later “mannequin A.” 

2 PROCEDURES 

2.1 Test Concept Development and Preparations 

Within two days of the request, the project lead proposed the following:   

 Conduct a two-week observation/exposure period, in the vicinity of Joint Maritime Test Facility, 
Little Sand Island, in Mobile Bay, AL.  

 Use weighted mannequins to simulate human body mass proportions inside the specific immersion 
suits. 

  Conduct two separate, concurrent trials: one weighted mannequin in a brand-new suit, another in an 
older (used) suit, appearing undamaged to visual inspection. 

The suited mannequins would be marked to note change in apparent waterline. 

The team would tether and moor the test gear in the basin near ex-USS SHADWELL. Mooring/tethering 
would allow for change in tide and swing with wind. 

An observer would note and monitor the suits’ apparent waterline twice daily, and after 14 days, the team 
would retrieve test gear and drain/measure quantity of water (if any) from suits. 

The test team made clear that this effort would be completely outside the regulatory performance 
requirements of 46CFR160.171. 

                                                 
 
3 46 CFR 160.171, Ibid. 
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2.1.1 Review of Available Information 

The team looked into how to best-simulate the person in the water, in an immersion suit.  Informal queries 
indicated that other lifejacket and thermal protective testing used types of instrumented mannequins, 
however RDC did not have one available, and the project team considered both articulated and rigid 
mannequins.  Review of multiple sources showed that articulated mannequins were relatively small for 
filling out the universal adult suit, so the team settled on a “plus-size,” male, rigid display mannequin. 

Additionally, the team needed to find appropriate guidance for how to “weight” or “ballast” the mannequins.  A 
search provided the reference “Anthropometry and Mass Distribution for Human Analogues, Volume I: Military 
Male Aviators;”4 this provided a basis for how-best to ballast the mannequins. 

The project team also considered appropriate venues for the experiment.  Ideally, the project desired a site 
with relatively warm water, ability to moor and tether the mannequins in a fairly “obscure” area to deter the 
curious from disturbing the devices, and a relatively shallow area so as to allow a simple mooring 
arrangement, both in weight and hardware requirements. 

2.1.2 Venue Selection 

In the Joint Maritime Test Facility, RDC has access to vessels and personnel to conduct various types of 
field testing, including access to the ex-USS SHADWELL, a landing-ship hull used for vessel related 
testing, and a “burn pan” available for fire testing.  Being in Mobile, AL, the project could expect relatively 
warm water as noted in the original request, a strong probability of daily, late-afternoon thunderstorms with 
associated rain and wind gusts, and an area subject to surveillance that was somewhat separated from 
commercial and recreational vessel traffic.  

2.1.3 Outfitting the Mannequins 

As noted above, we used the information from Anthropometry and Mass Distribution for Human 
Analogues.  The table from the manuscript (Appendix B) provided values for “Mass Distribution of the 
Body Segments.”  From this information, we created a table that took into account the mannequin weight 
distribution (gross assumption) and the amount of ballast per body segment needed to reach an approximate 
210 lb male (Table 1). 

A standard RDC experiment process is to try out all equipment and gear arrangements at RDC before field 
deployment.  This held true in the case of outfitting the mannequins.  Before deployment, we wanted to be 
sure that the weighted mannequin and suit combination actually did float, and did have a margin of stability 
so as not to invert.   

As the mannequins were rigid, and we would need to “muscle” them into the immersion suits; we fastened the 
individual ballast weights to the mannequins with nylon webbing and diver’s belt buckles, then over-taped the 
buckles so as not to puncture the immersion suit from the inside.  Figure 3 shows a partially ballasted 
mannequin, and Figure 4 shows the ballasted mannequin in the immersion suit prior to initial flotation testing. 

                                                 
 
4 Anthropometry and Mass Distribution for Human Analogues, Volume I: Military Male Aviators, Tri-Service Committee of the 
Tri-Service Aeromedical Research Panel, Ft. Rucker, AL, March 1988. 
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Table 1.  Weight distribution for mannequin and ballast combination. 

 
 

 

Figure 3.  Partially ballasted mannequin at RDC before initial flotation trial.  

Sum Sum

Mannequin 

weight 

distribution

Ballast 

weight 

desired

Body Segment lb % lb lb 6 lb 4 lb 2 lb

Head 4.4 9.7 9.7 4.5% 1.7 8.0 1 1

Neck 1.2 2.6 2.6 1.2% 0.5 2.2

Thorax 30.5 67.2 67.2 31.3% 11.9 55.4 10

Abdomen 2.9 6.4 6.4 3.0% 1.1 5.3

Pelvis 14.6 32.2 32.2 15.0% 5.7 26.5 4 1

Upper Arm (L‐R) 2.4 2.4 5.3 5.3 10.6 4.9% 1.9 8.7 2

Forearm   (L‐R)  1.6 1.6 3.5 3.5 7.1 3.3% 1.2 5.8 2

Hand   (L‐R)  0.6 0.6 1.3 1.3 2.6 1.2% 0.5 2.2

Thigh   (L‐R)  11.8 11.8 26.0 26.0 52.0 24.2% 9.2 42.8 6 2

Calf   (L‐R)  4.5 4.5 9.9 9.9 19.8 9.2% 3.5 16.3 4

Foot   (L‐R)  1.1 1.1 2.4 2.4 4.9 2.3% 0.9 4.0 0 2

Total 97.6 215.2 215.2 100.0% 38.0 177.2 126 lb 52 lb 2 lb

Boots 2.0 2.0 4.0 2

kg lb

Body‐mass Distribution 

from Appendix A 

Conversion 

to pounds

Number of diver 

weights (by size) per 

body segment
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Figure 4.  Ballasted mannequin in immersion suit.  

2.1.4 Ballasted Mannequin in Immersion Suit Flotation Test 

The project team wanted to test the gear in a relatively-benign environment, and one that would provide 
clear, clean water for observations.  The team arranged with the Coast Guard Academy Physical Education 
department to use the Billard Hall pool.  Though the actual experiment test area in Mobile Bay is brackish 
water, the less-dense, chlorinated pool water provided a conservative estimate as to the depth to which the 
weighted mannequin would sink. 

The initial flotation test (see Figure 5) indicated conditions that differ from a “real world” situation.  First, in 
“normal” immersion-suit wear, the wearer’s posture is often different than shown in Figure 5.  In a resting 
position, a wearer’s body would exhibit a bend at the waist-pelvis region, where the rump would sink lower, 
with the feet and legs tending upward.  This, in-turn, would cause the wearer’s torso and head to rest at a 
greater angle with respect to the surface of the water.  Second, for our mannequin, both weighted arms 
appeared to swivel or detach from their initial positions alongside the mannequin torso.  The immersion suit 
kept the arms captive, but did not provide the rigidity as initially desired.  For comparison, Figure 6 gives an 
example of an actual wearer’s position in the water.  For our purposes, we accepted the difference in 
flotation aspect as an experiment constraint.  

 

Figure 5.  Weighted mannequin/immersion suit flotation trial. 
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Figure 6.  Actual person in immersion suit5. 

2.1.5 Mooring Arrangement 

The project team needed to develop a mooring arrangement so as to let the weighted mannequin float freely, 
yet remain in one place.  To accomplish this, we constructed a relatively-standard, shallow-water mooring 
as shown in Figure 7.  Of note, so as to allow relatively free flotation and rotation about the mooring float, 
we used a tether connecting the mooring to the built-in immersion suit harness, reeved through a section of 
CPVC pipe so as not to wrap the tether around the mooring itself (a “stand-off” tube).  Expecting tidal and 
wind-generated motion, we used a 75-pound, pyramid anchor, with 20 feet of 3/8 inch mooring chain. 

As with the ballasted mannequin, the team fully assembled the mooring arrangement at RDC before field 
deployment. 

2.1.6 Test Plan and Final Preparations 

Preparing the mannequins and moorings for deployment gave the team an opportunity to understand how 
unwieldy the weighted, suited mannequins were.  This knowledge gave a basis for deployment and retrieval 
procedures incorporated in the experiment test plan (Appendix C).  After equipment assembly and testing at 
RDC, we disassembled everything, packed it and shipped it to JMTF Mobile where the team would 
reassemble the gear for in-water deployment.  This included both 75-pound anchors, 350 pounds of lead 
diver weights, two mannequins, mooring chain, floats, and ancillary hardware.  

                                                 
 
5 http://www.setsail.com/survival-training-part-5-immersion-suits/ 



Immersion Suit Flotation Testing REACT Report 
 

8 
UNCLAS//Public | CG-926 RDC | M. Lewandowski & LT Clark 

Public | Aug 2016  

 

Figure 7.  Mooring arrangement. 

2.2 Equipment Mobilization and Deployment 

The plan was to assemble all equipment on the first day, deploy equipment on the second day using a Naval 
Research Laboratory (NRL) vessel assigned to JMTF; then conduct an initial, follow-up observation 
approximately 24 hours after deployment. 

2.2.1 On-site Outfitting and Preparation 

The first step was to re-ballast the mannequins as before, using the divers’ weights, belts and buckles, and 
over-taping (Figure 8).  After initial ballasting, a problem occurred.  During a logistics run for PVC tubing, 
the fiberglass thigh stub-end for a removable leg mount detached at the seam due to shear force created by 
the weights.  Though the display mannequin was not designed for anything but a “stand-up” mode, the 
failure indicated the joint relied only on a narrow, resin and filler seam (Figure 9).  We tried, unsuccessfully, 
to find a fiberglass repair-kit at one of the CG units at the Mobile facility, so decided to try to “bandage” the 
seam with duct tape, applied parallel to the axis of the leg, then wrapped circumferentially (Figure 10).   
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Figure 8.  Weighted mannequins before taping at JMTF. 
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Figure 9.  Mannequin leg-joint separation. 

 

Figure 10.  Mannequin duct-tape “bandage.” 

After ballasting and suiting the mannequins, the team constructed a frame of ¾-in CPVC tube and fittings 
around each mannequin to support vertical “measurement posts.”  One-inch red and greed retro-reflective 
tape strips, spaced one inch apart, provided a means to tell whether the mannequins lost buoyancy during 
the deployment (Figure 11). 

 

Figure 11.  Mannequin in suit with measuring posts. 
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Upon completing the outfitting, the team realized that the plan for attaching the tether and “stand-off” tube 
needed reconsideration.  As planned, the team intended to have the tether/stand-off tube attach to the swivel-
shackle beneath the mooring buoy.  When the team had the suited mannequin on the outfitting bench, they 
recognized that the angle for the immersion suit harness clip to the bottom of the buoy would impart a 
downward force and bind up, preventing a free swing.  Instead, the team decided that attaching the tether-
stand-off tube to the mooring-buoy’s top ring would provide a better lie.  Though attaching to the top ring is 
not standard mooring practice, for the anticipated two-week deployment, the team did not expect any 
excessive wear. 

The team then weighed each fully-outfitted mannequin on an electronic platform scale, being extremely 
careful not to puncture the suits on the sharp edges of the scale, by using an immobilization backboard, as 
seen extending past the mannequin in Figure 11, above.  Pre-deployment weight was 210 pounds for each 
mannequin, including suit. 

2.2.2 Deployment 

Using a telehandler and pallets, JMTF staff and test team loaded all gear onboard the 35-foot NRL Landing 
Craft Mechanized (LCM-3), and proceeded to the test site in the Little Sand Island basin.  The NRL LCM 
operator recommended a site closer to the east side of the basin than indicated on the test plan due to recent 
dredge-pipe staging activity (Figure 12).  Estimated water depth was 12 feet.  

For deployment, the LCM crew lowered the bow ramp, the test team and JMTF staff staged the first  
mooring on the ramp, put the tethered buoy in the water, then put the anchor over the side, allowing the 
chain to run free.  Next, the team used the immobilization backboard to carefully slide the mannequin into 
the water; then attached the tether/stand-off to the mannequin, making sure that the tether/stand-off did not 
foul (Figure 13).  Figure 14 shows the mannequins shortly after deployment, at approximately 0830 Central 
Daylight Time (CDT) on 8 June 2016.  The initial readings on the measurement posts were: 

Mannequin A-Green Bands:  Left side: 8 bands visible.  Right Side: 8 bands visible 
Mannequin B-Red Bands:  Left side: 8 bands visible.  Right Side: 8 bands visible 
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Figure 12.  Actual versus intended deployment site, Little Sand Island basin. 

 

Figure 13.  LCM-3 at deployment location, bow ramp lowered, mannequin ready for deployment. 
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Figure 14.  Mannequins shortly after deployment. 

2.3 Observations and Measurements 

Over the two-week deployment period from 8-23 June, observers recorded the general aspect of the 
mannequins, the visible number of measurement bands, and weather conditions.  We planned for twice-
daily observations during the workweek by an NRL temporary employee.  On weekends, CG Sector Mobile 
provided either an Auxiliarist or active duty member, to take observations, operations permitting.  

With someone making observations in the morning and in the afternoon, the observer could rapidly detect if 
any significant change occurred in the mannequins’ flotation.  If this were to occur, the observers were to 
contact RDC immediately.  Throughout the test, one person, an NRL temporary employee, took most of the 
observations.  For weekends, CG Sector Mobile active duty and Auxiliarist members took measurements on 
routine harbor patrols. 

Figure 15 gives an example of a completed Flotation Testing Data Sheet that was specified in the test plan.  
The RDC team encouraged the observers to provide any and all input they thought might indicate conditions 
and possible changes. 

Appendix D lists all observations, copied verbatim from the individual flotation testing data sheets.  RDC 
also provided a digital camera for the observers to photograph the mannequins, daily. Appendix E is a daily 
photo record of the mannequins. 
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Figure 15.  Example of completed Flotation Testing Data Sheet. 
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On 23 June 2016, at approximately 1000 CDT, immediately before recovery, the RDC team made final 
visual measurement readings: 

Mannequin A:  Left side: 8 bands visible.  Right Side: 8 bands visible 
Mannequin B:  Left side: 8 bands visible.  Right Side: 8 bands visible 

Figures 16 and 17 taken just before the time of recovery clearly indicate that both mannequins exhibit 
significant grassy marine growth about their “waterlines,” especially over the legs and arms.  

 

Figure 16.  Mannequin A – pre recovery 23 June 2016. 

 

Figure 17.  Mannequin B – pre recovery 23 June 2016. 
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2.4 Mannequin Recovery and Post-recovery Measurements 

After deployment with the NRL LCM-3, the RDC test team fully realized the need to conduct retrieval 
using a vessel equipped with a davit or crane, and enough clear deck space to carefully maneuver the heavy 
mannequins.  The RDC’s JMTF staff conducted liaison with Aids to Navigation Team (ANT) Mobile to 
arrange for recovery assistance on a not-to-interfere with primary mission basis.  Conveniently, ANT 
Mobile had availability on 23 June 2016, allowing a full, fourteen-day-plus experiment period.   

In the interim, the RDC test team updated the recovery procedures in the test plan, and forwarded to the 
ANT for input and suggestions. 

2.4.1 Recovery Preparations 

ANT Mobile had two different types of vessels available for equipment recovery (Figure 18), a 25-foot, 
outboard-powered Trailerable Aids to Navigation Boat (TANB) with side access port and davit 
(foreground), and a 64-foot, twin engine, large buoy boat (CG 64350), with telescoping crane.   

 

Figure 18.  ANT Mobile TANB (foreground) alongside CG 64350 at Sector Mobile moorings. 

The RDC test team and JMTF staff member met with ANT Mobile staff on 22 June 2016 to discuss the next-
day’s evolution, review procedures, and evaluate alternatives and contingencies.  As the test plan called for using 
a Stokes litter (frame and mesh) (Figure 19) to minimize any disturbance to the mannequins, e.g., any amount of 
water in the suit or accrued marine growth, the ANT staff and RDC test team readily concluded that the TANB 
was not large enough to accommodate personnel, two stokes litters with recovered mannequins, and any 
mooring equipment.  Further, the favored, low freeboard of the TANB would not be realized, as the lower side 
access port panel could not be removed (for stability purposes) if the weight on the davit exceeded 200 pounds, a 
definite given, since pre-deployment was 210 pounds for each mannequin. 
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Figure 19.  Stokes litters for mannequin recovery. 

 

Figure 20.  CG 64350 deck with Stokes litters. 

As Figure 20 above shows, the amount of clear, working deck space and the large boom available on CG 
64350 more than made up for the TANB’s low freeboard.  One other additional benefit (not shown) is 
CG64350’s ability to “spud-down” into the bottom by lowering two columns near the deck edge, providing 
an extremely stable recovery platform, and minimizing the effect of wind and current. 

2.4.2 Recovery Operations 

On 23 June 2016, CG 64350 got underway with the RDC team and JMTF member embarked.  On arrival at 
the Little Sand Island basin, CG 64350 maneuvered to a location between the moored mannequins, and 
spudded down.  As part of ANT Mobile’s cooperative effort, ANT leadership considered this an opportunity 
to conduct crewmember swim qualifications, and offered to have the swimmers assist in maneuvering the 
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mannequins into the Stokes litters.  The ANT deck supervisor conducted an extremely thorough safety 
briefing, specifically detailing procedures, potential hazards and risks, and mitigation strategies before 
beginning the recovery operation.  Extremely calm conditions in the basin favored the operations. 

The swimmers first safely and successfully completed their swim qualification tests, and waited until a Stokes 
litter was lowered into the water.  We had installed a dynamometer (load cell) between the crane whip-hook and 
lifting shackle, to weigh the Stokes litter without mannequin, then once clear of the water, with mannequin. 

Once the litter was afloat after lowering to the water, the swimmers disconnected it and maneuvered 
mannequin A into the litter, secured the mannequin with side straps, hooked the litter to the shackle, then 
swam clear before the crane operator hoisted the litter and mannequin.  The operator brought the litter and 
mannequin over the deck, with the combination at an approximately 30-degree angle from horizontal.  The 
RDC team recorded the load-cell weight; then pierced one immersion suit heel while over a collection 
bucket.  After no water flowed out, the team put a second bucket under the other heel, pierced it, and again 
waited for water to flow out.  None did. 

The crew, RDC and JMTF team then recovered mannequin B by the same procedure.  Again no water 
drained.   

The swimmers came aboard, and with both Stokes litter/mannequin combinations lying horizontally on deck 
CG 64350 recovered the two mooring arrangements, secured all gear to deck, then returned to the Sector 
Mobile docks. 

We must reemphasize the amount of marine growth that formed on the mannequins during the two-week 
deployment.  Though clearly visible in the pre-recovery photographs above (Figures 16 and 17), Figure 21, taken 
immediately after recovery of Mannequin A, provides further documentation the extent of the marine growth. 

 

Figure 21.  Mannequin A, post-recovery, extensive marine growth. 
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2.4.3 Demobilization 

At the dock, CG 64350 used its telescoping crane to move the suited mannequins and mooring systems to 
pallets on the dock.  From there, the JMTF staff transferred all test equipment to the apron at the JMTF 
building for further analysis and disassembly. 

The team reweighed the mannequins at JMTF on the same electronic platform scale used before 
deployment.  As the amount of marine growth on the immersion suits began to attract insects in the 90-
degree F midday temperatures, the team decided to remove the immersion suits as quickly as possible, 
cutting the suits apart to expedite mannequin removal with as little human contact with the marine growth as 
possible.  While removing the suits, the test team noticed small amounts of water pooled in the immersion 
suits in the area of the buttocks and feet, so the team collected and measured that water using the buckets, 
for which the team had a sounding rod, graduated at one liter increments. During disassembly, the team 
recovered less than one liter of water per suit.  Also, while removing the diver weights, the team did notice 
that most of the weight belts were slightly damp to touch, but without any measureable quantity of water. 

3 RESULTS 

The test relied on two distinct methods for determining whether any loss of flotation occurred, comparison 
of twice-daily readings on the measurement tubes along with twice-daily photographs, and net weight 
changes pre-deployment and post-recovery.  

3.1 Daily measurement records and images 

Appendix D includes all daily measurement records.  Table 2 excerpts initial readings, final readings, record 
of maximum excursion, and average readings into a summary table. 

Table 2.  Summary of daily measurements. 

Event Date/Time 

Mannequin A 
visible marks 

Mannequin B 
visible marks 

Left Side Right Side Left Side Right Side 

Deployment 8 Jun 16 - 0800 8 8 8 8 

Retrieval 23 Jun 16 - 0930 8 7.5 8 8 

Max Excursion 15 Jun 16 – 0720* 8 7 8 8 

Average ----- 8 7.3 8 8 

 
Initial readings on “measurement posts,” with one-inch tape bands, one-inch apart, indicated that both 
mannequins were floating higher than the lowest mark.  At this stage, there was nothing to do about the 
measurement marks, however the accompanying photos for each reading allowed a good comparison of 
flotation height.  Comparison of Figures 22 and 23 indicate a distinct “list” for Mannequin A.  
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Figure 22.  Mannequin A- deployment 0800 8 June 2016. 

 

Figure 23.  Mannequin B – deployment 0800 8 June 2016. 

The notes in the daily measurement record (Appendix D) frequently indicate an almost continuous list to the 
right for Mannequin A.  Though not reflected in the flotation testing data sheet notes, photos starting on 15 
June (Appendix E) document the appearance of marine growth at the approximate waterline for both 
mannequins.  As pre-recovery photos (Figures 16 and 17, earlier) show, over the final seven days, the 
marine growth became quite significant. 

Regarding Mannequin A’s list, the test team believes that as they fastened the ballast weights, they may 
have skewed the weight to one side of the mannequin torso.  From the photos or the observation records, we 
cannot determine if Mannequin B’s “broken leg” affected its list or trim.  What is apparent in all photos is 
the overall trim of the mannequins (torso higher than the legs) due to the nature of the rigid mannequins 
used. 
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3.2 Weighing and Draining Mannequins, Post Recovery 

Table 3 below provides a comparison of mannequin/immersion suit weights.  As we used the same 
electronic platform scale for pre-deployment and post-recovery weighing, and checked calibration with a 6-
pound weight, the RDC team is fairly confident of those two readings.  On CG 64350, while assured of the 
load cell’s accuracy, we did not check it against a known weight.  Another issue is that the Stokes litter and 
mannequin combination were shedding excess water from the scrim of the immersion suit and the acquired 
marine growth before, during, and after reading the load cell. 

Table 3.  Mannequin weight comparison. 

Event Date/Time 

Mannequin A Mannequin B Tare 

Gross 
weight

Net 
Weight 

Gross 
Weight 

Net 
Weight 

Device Weight

Pre-deployment 
at JMTF 

7 Jun 2016 – 1705 
7 Jun 2016 - 1720 

223 lb 210 lb 223 lb 210 lb backboard 13 lb 

Retrieval 
(on CG 64350) 

23 Jun 2016 – 0958 
23 Jun 2016 - 1024 

240 lb 240 lb 230 lb 230 lb 
Zeroed 
load cell 

n/a 

Post-recovery 
at JMTF 

23 Jun 2016 – 1200 
23 Jun 2016 – 1205 

266 lb 220 lb 269 lb 221 lb 
Stokes 

litter 
46 lb 
48 lb 

 
After the post-recovery weighing, the RDC team opened the immersion suit for Mannequin A, and noticed 
pooled water in area of lower back/buttocks, as mentioned earlier.  As best possible, we collected this and 
any additional water from the legs and arms into a six-gallon bucket.  Using a pre-marked tube section 
(smallest gradation of one liter), we measured approximately three-quarters liter (approximately 1.7 pounds) 
from Mannequin A.  We followed the same procedures, and recovered less than one-third liter 
(approximately 0.7 pounds) from Mannequin B.  Figures 24 and 25 show the measure results. 

 

Figure 24.  Mannequin A- post-recovery drained water. 
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Figure 25.  Mannequin B- post-recovery drained water. 

Due to the extreme mid-day temperatures and gathering insects, RDC did not weigh the damp, heavily 
fouled immersion suits.  Also, nylon webbing that held weights to mannequins was “damp” to touch.  RDC 
team did not weigh the damp webbing. 

3.3 Results Summary 

After reviewing all flotation testing data sheet entries and the associated, twice-daily photographs, and 
comments from observers; the immersion suits did not lose a significant amount of buoyancy.  We 
recovered more “measured” water from older suit (Mannequin A) than from the new suit; but even so, it 
was less than two pounds.  The significant amount of marine growth fouling, especially on arms and legs, 
obscured the actual suit material from view during the second-week’s observations; and most likely 
contributed to the net gain in weight from pre-deployment to post-recovery. 

Throughout the two-week period, observers recorded conditions in the basin as relatively calm, with only 
one day’s observation recording “light chop.”  These conditions would not necessarily lead to water 
intrusion around the face seal.  Further, though climatology indicates long-term, average June rainfall totals 
of 6.1 inches; during the test period 8-23 June 2016, Mobile Regional Airport (approximately 11 miles from 
the test site) recorded only 0.68 inches of rain.  (This definitely did not match up to the “daily, late-
afternoon thunderstorms that locals told the test team they could expect.) 

RDC estimated the salinity for the Little Sand Island basin from NOAA PORTS conductivity measurements 
at Mobile State Docks, approximately 3 miles upstream. The maximum for the period was 16.7 practical 
Salinity Units (PSU), with a specific gravity of 1.0125 (medium brackish water), only on daily tidal peaks.  
The buoyancy difference between freshwater and the medium brackish water experienced daily would not 
have been easily detected by visual observation, especially when once obscured by the marine growth 
fouling. 
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4 CONCLUSIONS 

For the conditions tested, the Coleman-Stearns I-590 immersion suits did not lose apparent buoyancy over a 
two-week period.  The test team found only small amounts of water in either suit after the testing. 

The placid test conditions in no way replicated storm conditions, and did not offer insight as to whether 
water could enter the suit around the face seal. 
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APPENDIX A. IMMERSION SUIT CERTIFICATION  
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APPENDIX B. MASS DISTRIBUTION OF BODY SEGMENTS 

Excerpt from “Anthropometry and Mass Distribution for Human Analogues” 
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APPENDIX C. EXPERIMENT TEST PLAN 
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APPENDIX D. DAILY FLOTATION TEST OBSERVATION RECORDS 

Table D-1.  Daily observation records. 

 
 

Left

Side

Right

Side

Left

Side

Right

Side

8‐Jun‐16 0800 KT SSE 6 <12 8 8 8 8 A‐left foot lower in water, both‐waterline 3‐4 in below marks

8‐Jun‐16 1305 CC VAR LIGHT 3 8 8 8 8 Both appear same as morning obs

8‐Jun‐16 1500 KT SSW 10 8 7 8 8 8

A‐right shoulder approx 4 in lower than left. Left foot still lower than 

right.  

B‐right foot under water

9‐Jun‐16 0730 KT NW 2 2‐3 8 7‐1/2 8 8

A‐Left foot almost completely submerged; left side bands 4‐5 inches 

out of the water

B‐ Tilted to the right; both feet more submerged than 6/8 w/right foot 

lower; left side markers 4‐5 inches out of water; right ‐side markers 2‐

3 inches out of water

9‐Jun‐16 1500 KT SW 1 <3 8 7 8 8

A‐Tilted to left side with right foot almost completely submerged; 

right‐side bands 5‐6 in out of water 

B‐Still fairly level with hands approx 3 in out of water; feet 1/2 

submerged

10‐Jun‐16 0900 KT E 1 2 8 8 8 8

A‐Left foot almost completely submerged; last band on right side at 

water level but completely visible; left‐side bands clear of water by 

~5in

B‐level; shins under water w/toes out of water; bands out of water by 

4 inches

10‐Jun‐16 1300 KT NW 2 6‐8 8 8 8 8

Not much change since 9:00 am. Both mannequins have submerged 

arms

11‐Jun‐16 1220 LP S 2 2‐4 8 8 8 8 Green mannequin is listing to the right

11‐Jun‐16 1645 LP N 6‐8 6 8 8 8 8 Green mannequin is listing to the right

Date Time Observer
Wind

direction

Wind

speed

 (Kt)

Observer Comments

Mannequin A 

(Green Marks) 

Marks Visible

Mannequin B 

(Red Marks )

Marks Visible

Wave

height

(in)
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Table D-1.  Daily observation records (Continued). 

 

Left

Side

Right

Side

Left

Side

Right

Side

12‐Jun‐16 0945 LP NE 2‐4 calm 8 8 8 8

Green mannequin is listing to the right.  The left calf of the leg is 

submerged, only the toes of the boot above water

12‐Jun‐16 1315 LP SSE 6‐8 4‐6 8 8 8 8

13‐Jun‐16 0730 KT SSE <1 2 8 7‐1/2 8 8

A‐Left foot: only toes above water; greatly tilted on right shoulder

B‐still fairly level; arms submerged; ankles submerged

13‐Jun‐16 1230 KT ESE <1 3‐4 8 7‐1/2 8 8

Not much change in band visibility or submersion from 0730.

A‐Still tilted to right side

B‐Still fairly level; feet almost completely submerged

14‐Jun‐16 0730 KT VAR <1 <1 8 7‐1/2 8 8 No change from 6/13/16

14‐Jun‐16 1445 KT SW <1 calm 8 7‐1/2 8 8

A‐no notable change

B‐slighrt right‐side tilt (by maybe 1/2‐1 in)

15‐Jun‐16 0720 KT NE calm 1‐2 8 7 8 8

A‐More tilted to right side

B‐Still slightly tilted to right side

Legs of both mannequins submerged except for toes of boots as well 

as arms submerged except for fingers of gloves and shoulders

15‐Jun‐16 1500 KT N calm 2‐3 8 7 8 8

A‐Leaning more to right side

B‐Leveled out again

16‐Jun‐16 0730 KT E 2 5‐6 8 7‐1/2 8 8 No notable changes

16‐Jun‐16 1400 KT NE

barely 

breezy 2‐3 8 8 8 8

A‐Still greatly tilted to right side

B‐No significant change

17‐Jun‐16 ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ ‐ No log sheets

18‐Jun‐16 0800 PW 350T 2.1 smooth 8 7 8 8

18‐Jun‐16 1550 PW 254T 1.8 smooth 8 7 8 8

Date Time Observer
Wind

direction

Wind

speed

 (Kt)

Wave

height

(in)

Mannequin A 

(Green Marks) 

Marks Visible

Mannequin B 

(Red Marks )

Marks Visible Observer Comments
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Table D-1.  Daily observation records (Continued). 

 

 

Left

Side

Right

Side

Left

Side

Right

Side

19‐Jun‐16 0745 PW 080T 10.2 light chop 8 7 8 8

19‐Jun‐16 1600 PW 141T 12.8

light‐mod 

chop 8 7 8 8

20‐Jun‐16 0900 KT NW calm 3‐4 8 7‐1/2 8 8 Arms and legs under water save for tips of gloves and boots

20‐Jun‐16 1345 KT N calm 1‐2 8 7‐1/2 8 8

Both show signs of legs and arms more under water: both heads still 

above water; not much change in tilt for either

21‐Jun‐16 0730 KT S <1 2‐3 8 7‐1/2 8 8

A‐Right thumb of glove only out of water; left arm‐only finger tips of 

glove out of water; not change in legs

B‐Finger tips of gloves only out of water; no change in legs

21‐Jun‐16 1439 KT N <1 1‐2 8 7‐1/2 8 8 No notable change since morning

22‐Jun‐16 0730 KT N <1 1‐2 8 7 8 8

A‐left arm and leg barely still above water: right arm completely 

submerged

B‐no noticeable change

22‐Jun‐16 1444 KT N calm calm 8 8 8 8 Not much change in status

23‐Jun‐16 0930 ML WNW 8 4 8 7‐1/2 8 8 Lots of slime/growth

Wave

height

(in)

Mannequin A 

(Green Marks) 

Marks Visible

Mannequin B 

(Red Marks )

Marks Visible Observer CommentsDate Time Observer
Wind

direction

Wind

speed

 (Kt)
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APPENDIX E. DAILY PHOTO RECORD 

 

Figure E-1.  8 June Afternoon – Mannequin A. 

 

Figure E-2.  8 June Afternoon - Mannequin B. 

 

Figure E-3.  9 June Morning - Mannequin A. 
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Figure E-4.  9 June Morning - Mannequin B. 

 

Figure E-5.  10 June Morning – Mannequin A. 

 

Figure E-6.  10 June Morning - Mannequin B. 



Immersion Suit Flotation Testing REACT Report 
 

E-3 
UNCLAS//Public | CG-926 RDC | M. Lewandowski & LT Clark 

Public | Aug 2016  

 

Figure E-7.  11 June Afternoon – Mannequin A. 

 

Figure E-8.  11 June Afternoon - Mannequin B. 

 

Figure E-9.  12 June Morning – Mannequin A. 
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Figure E-10.  12 June Morning - Mannequin B. 

 

Figure E-11.  13 June Morning – Mannequin A. 

 

Figure E-12.  13 June Morning - Mannequin B 
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Figure E-13.  14 June Afternoon – Mannequin A. 

 

Figure E-14.  14 June Afternoon – Mannequin B. 

 

Figure E-15.  15 June Morning – Mannequin A. 
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Figure E-16.  15 June Morning - Mannequin B. 

 

Figure E-17.  16 June Afternoon – Mannequin A. 

 

Figure E-18.  16 June Afternoon - Mannequin B. 
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Figure E-19.  17 June Morning – Mannequin A. 

 

Figure E-20.  17 June Morning - Mannequin B. 

 

Figure E-21.  18 June Afternoon – Mannequin A 
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Figure E-22.  18 June Afternoon - Mannequin B. 

 

Figure E-23.  19 June Afternoon – Mannequin A. 

 

Figure E-24.  19 June Afternoon - Mannequin B. 
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Figure E-25.  20 June Afternoon – Mannequin A. 

 

Figure E-26.  20 June Afternoon – Mannequin B. 

 

Figure E-27.  21 June Morning – Mannequin A. 



Immersion Suit Flotation Testing REACT Report 
 

E-10 
UNCLAS//Public | CG-926 RDC | M. Lewandowski & LT Clark 

Public | Aug 2016  

 

Figure E-28.  21 June Afternoon - Mannequin B. 

 

Figure E-29.  22 June Morning – Mannequin A. 

 

Figure E-30.  22 June Morning - Mannequin B. 


