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INTRODU C TION

This is a final report on the shipboard technical evaluation of the Carlson
Mark 10 chlorinator/macerator (C/M) sewage treatment system to determine its
capability to pass the performance and mechanical reliability tests as required in

MIL-S-24201 B (SHIPS) of 7 April 1972, and the test and evaluation plan provided by
NAVSEC. Compliance with the Environmental Protection Agency (EPA)1 and United
States Coast Guard (USCG)2 performance standards for marine sanitation devices
will also be discussed brietiy.

The system that was evaluated is installed aboard USS FIDELITY (MSO 443),

home ported at the Charleston Naval Base, Charleston, South Carolina.

OBJECTIVES

The objective of the evaluation is to provide data to determine whether the
chlorinator-macerator complies with the following performance and reliability/
maintainability criteria.

The unit under evaluation must:

* Be capable of collecting, treating, and discharging sanitary waste.

* Pass performance tests as required by MIL-S-24201B (SHIPS) of
7 April 1972.

* Demonstrate a mean time between failure (MTBF) of 500 hours at a
90% confidence level.

j Demonstrate a maximum repair time of 5 hours during the
reliability evaluation.

* Demonstrate a maximum time to repair (MTTR) of 5 hours, based
upon the analysis of 10 corrective maintenance (CM) actions performed for the
maintainability demonstration.

BACKGROUND

The Navy has been developing shipboard sewage treatment systems for over 8
years. The early stage.• '-is n. •)ram included the development of military speci-
fications for the O)'r:. ,iator/macerator systems under the U.S. Public
Health Guidelines of

Superscripts refer to similarly numbered entries in the technical references at
the end of the text.

28-939 1
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Initial specifications were developed as MIL-S-24201A(SHIPS) of 10 December
1968. The effluent bacteriological standards contained therein required a most
probable number (MPN) coliform density count of zero for each of 10 chlorinated
effluent samples tested. An extensive evaluation a.nd statistical study in 1969
recommended the specifications be revised and proposed new specifications on the
performance of MIL-S-24201(SHIPS) type C/N systems. These required a reduction
in 90% of the sample runs from a coliform density of 107/100 ml* in untreated sanitary
wastes to a density no greater than 1000/100 ml in the chlorinated effluent. 4

Military specification MIL-S-24210(SHIPS) of 10 December 1968 was later
revised to MIL-S-24210B(S HIPS) of 7 April 1972. This new specification which is
currently in effect requires that a C/i be able to reduce the expected coliform MPN
density of raw macerated sanitary w•aste from a magnitude ranging between 107 and

108/100 ml to 240 (or less)/100 milliliters.

Current EPA performance standards for marine sanitation devices require
existing treatment systems on vesse!s to reduce fecal coliform bacteria to no more
than 1000/100 ml and prevent the discharge of an effluent with visible floating solids.

DESCRIPTION OF SYSTEM

EQUIPMENT

The Carlson Mark 10 sewage treatment system consists of three basic sub-
systems, the control, chlorination, and maceration systems.

The control subsystem operates as follows: a control panel receives an
electrical signal indicating operation of a water closet or urinal. Through a series of
timers and relays, the panel governs the running time of the chlorine injection pump
and macerator motors. A liquid-level contxol box monitwv• the di.-,iticctant level in
the chlorine storage tank. It provides the operator with a visual and audible alarm

and deactivates the macerator if the disinfectant level in the tank runs low. This
acts as a fail-safe device by preventing unchlorinated waste from being discharged
overboard. An overload-jam relay shuts down the macerator motor if a foreign
object enters the macerator tank and jams the blades. A "jam relay tripped" pilot
light and reset button are located on the face of the control panel along with macerator
and injection pump on/off switches, figurc 1. Activation of a tr,,atment cycle is
accomplished by flow switches, figure 2, installed in the salt-water flushing line of
each water closet or urinal connected to the system.

The chlorination subsystem consists of a 35-gallon disinfectant mixing tank,
a 15-gallon storage tank, and a disinfectant injection plump, as shown in figure 3.
The chlorine disinfectant solution is prepared by dissolving 29. 2 pounds of granular

*Abbreviations used in this text are from the GPO Style Manual, 1973, unless

otherwise noted.

"_8-939 2



calcium hypochlorite (70' available chlorine) in 25 gallons of water. After settling for
24 hours, the clear liquid is decanted from the mixing tank to the storage tank as
needed. The storage tank is a reservoir for the chlorine disinfectant. From here it
is pumped to the macerator/detention tank in controlled volumes for each flush.

The macerator subsystem consists of a 15-gallon macerator/detention tank,
motor, and shaft equipned with three cutting blades to comminute the influent waste
into fine particles. A trap is connected to the inlet side of the macerator to prevent
heavy foreign objects from entering the tank and damaging the macerator, see
figure 4.

OPERATION

Sanitary waste is collected in the urinals or water closets. When a flusho-
meter is depressed, the flow switch signals the control panel that waste is entering
the drain line. At the same time, disinfectant is injected into the macerator/
detention tank. The volume of disinfectant is controlled by a relay which determines
the running time of the injection motor and pump. The injection rate is preset to I
deliver approximately 225 ml of hypochlorite solution per flush. Immediately after
the disinfectant is injected, the macerator motor begins to rotate shaft and blades
at 3450 r/min for 55 seconds. The cylindrical housing around the macerator shaft
acts as a baffle. When the blades are spinning, waste is forced along the axis of the
shaft to the bottom of the tank, as illustrated in figure 5. This ensures thorough
mixing of the influent w'ith the disinfectant.

",he macerator/detention tank has a 15-gallon capacity. Waste passes through
the tank on an equal displacement basis. The degree of treatment is dependent upon
the time interval between flushes and flush volumes. A long interval and small flush
volume would increase detention time and improve treatment.

EVALUATION SITE

The primary reason for the selection of the Carlson 'Mark 10 chlorinator/
macerator installed on USS FIDELTY was a scheduled period of restricted availability
(RAV) prior to the anticipated start of the evaluation. It was, therefore, convenient
for the required servicing of the equipment and the installation of a sample valve to

be part of the RAV work.

The C/M system was originally installed in USS FIDEIITY in 1969. It
has forward and aft macerator tanks and control panels with a common chlorine
mixing and storage tank. Each macerator has an individual chlorine injection pump

mounted on the one chlorine supply tank.

For the purpose of this evaluation, the aft macerator was disconnected from
the system and only the forward macerator was evaluated. This in no way affected
the operation of the forward macerator or the conduct of the evaluation. Throughout
this report, UJS FIDELITY installation discussed is a single macerator unit
serving the forward part of the ship only.

28-939 3
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The C/M treats sanitary wastes from three water clobuts and two urinals in the
crew's head, and one water close' in ite captain's head. The equipment is located in
a storage locker adjacent to the crew's berthing area. The treated effluent is dis-
charged through a scupper vaive. A schematic of the shipboard installation and piping
diagram are shown in figures 6 and 7, respectively. The equipment was installed in
existing plumbing with only the maceraturidetentiou tank and trap being added to the
ship's waste-water lines.

INV STIGATION

TEST AND EVALUATION PL'ýN

The test and evaluation plan for thu Carlson Mark 10 chlorinator/macerator
was prepared by NAVSEC (SEC 61391]) in collaboration with Center personnel; see
Administi-ative Information, page iv. The plan provides the methods for testing and
delineates responsibilities for conduct of the performance test and reliabilit-y/
maintainability x equirements.

Evaluation criteria require the y3 ste• to pass the performance tests as

required in MIL-S-24201B (SHIPS) of April 1972. This was to be demonstrated by
operating the system for 10 consecutive runs per day (excluding weekends) treating
waste of human origin, at the peak morning period for a minimum of 10 days to obtain
samples, for bacteriological examination. Th. MPN (co•nfirmied) of coliforms in raw

macerated waste ranging between 107 and 10`3 100 ml must be reduced to 240 (or less)
/100 11l in at least 90% of all samples by maceration and dosing wiLh a liquid solution

containing 10'% available chlorine by weight.

Further criteria required a MrTITF of 50) hours at a 90"'% confidence level, a

maximum repair time of 5 hours for each CM action performed during the reliability
test, and a MTTR with 90% probability thi't ai least 95'- of the logs of the repair times
will be less than the log of 5 hours, based upon the analysis of 10 CM actions performed
for the maintainability' demonstration.

PRETEST PREPARATION AND 01.CATION

Prior to the start of the evaluation, the C/M had been secured due to a lack
of spare parts needed to repair the equipment. These parts were procured and the
equipment repaired through the assistance of SUPSiilPS SIX, Charleston, South
Carolina, as part of on-going RAV work. C.M fixes included: replacement of the
existing stainless steel chlorine injection line with neopremn hose that is more
resistant to the corrosiveness of the disinfectant, replacement of a damaged
chlorine Injection pump, servicing the overboard discharge scupper valve, and
installation of a sample valve between the macerator and overboard discharge..

Water meters wcrc installed in t],, bva-,Natcr flush iines to the water closets

and urinals, as shown in figure 6. EIlectromuchanical flush counters and a macerator
motor elapsed-time indicator were, installcd cn the control ptncl.

4"
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An initial shake-down period was necessary to "break in" the equipment
following its return to on-line treatment. Problems encountered in the automatic
operation of the system during this period were as follows:

* The flow switches in the sea-water flush lines would not activate the
equipment. Corrosion and deposits were discovered in the flow-switch springs and
magnets exposed to the sea water. These parts were cleaned and/or replaced.

9 The stainless steel check valve that connected the chlorine injection
line to the top of the macerator tank was no longer functional. Its purpose was to
prevent the back pressure generated in the tank during maceration from forcing waste
into the injection line. The stainless steel valve was replaced by a polyvinyl chloride
(PVC) valve.

* The PVC check valve located in the disinfectant storage tank on the
end of the chlorine injection line was clogged. Ihe valve was cleaned and restored
to working order.

* The heavy neoprene hose used as the chlorine injection line was
replaceu by cleai PVC hose of equivalent size. This was done only to facilitate the
diagnosis of futrLher chlorination problems by permitting the operator to observe the
chlorine being pumped through the injection line. This change did not affect or alter

system performance.

METIIODS OF EVALUATION

Laboratory analyses were performed on samples collected by personnel of
this laboratory during each macerator cycle for 10 consecutivte cycles per day for 10
days. The samples were collected between 0600 and 0800 which was considered the
peak morning use period. Fourteen additional samples of unchlorinated, macerated
waste were also collected to assess the degree of treatment obtained by chlorination.

The sample port was located between the macerator tank and the overboard
discharge on the underside of the effluent line.

Chlorinated effluent samples were collected during a macerator cycle immedi-
ately after chlorine injection. flalf of the sample was collected in a sterile bottle
containing sufficient sodium thiosulfate to ncutralize residual chlorine. The other
half of the sample was collected in a large container and a subsample was taken for
analysis of residual chlorine. All samples were refrigerated between the collection/
chlorine neutralization step and analysis.

The chlorine solution injection rate was maintained at 225 ml per flush. A
10% by weight solution of chlorine was obtained by dissolving 29.2 pounds of granular

calcium hypochlorite (70 7 availabie chlorine) in 25 gallons of lukewarm water.
Macerator running time was set at 55 seconds beginning immediately after chlorine
injection.

28-939 5
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Water meters were installed in the salt-water flush line, as shown in figure 6,
4.o determine the hydraulic load on the system. The meter in the water closet flush
line recorded the total flow to the three water closets in the crew's bead and the water
closet In the captain's head. Thc meter in the urinal flush line recorded total flow
to the two urinals and the deep sink in the crew's head.

The valve in the sea-watcr flush line to the urinals had been securod prior to
the start of the evaluation due to leaks in the drain lines. (n 17 .May tho luaks were
repaired and the valve was opened. It was then discovered that the flushomoters

leaked approximately 24 gallons of flush water per hour. Unsuccossful repair attmpts
resulted in the urinals being secured by the ship's crew •-. 7 June. It should also be
noted that due to the location of flow switch 5 (FI-5), aN shown in figure 0, the
C/M was activated when the salt-water faucet in the head dvuIl sink was opened. The
sink drain, however, did not lead to the mlaverlator tank. The flow switch was die-
connected on 17 may and remained Inoperable during the test. The Offects of faulty
urinal operation are apparent in ith resultm pctvntAed later in thUls report.

Flush counters were installed oln the C/.%I control punel to rcc•)rd total use of
the system. "ach time a water closet was flushed, the ulst- was r.•'ordud on its
counter.

Elapsed tine indicators were also installed on the C/M control panel. Total
system on-line time and macerator running tUit: wore rocorded.

During the perforrmance e!valuai,)on j'htC of the test, flush water volume, flush
counts, and elapsed tine were r-corded every 4 hourn by tho piers,ýnnul of this
laboratory orthe ship's crew on the log formns shown in aIppendix A. Hecordings
during the renmainder of the I J50-hour test 1•erlod were tj~ken ev,,ry 8 hours by ships
forct.: operating the uystem,

Reliability demonstratlon Inlormation was nitintained by both the. on.-lute
personnel of this laboratory and the ship's crew. CrItJaIl, nmajor, or inin,'r failureo
we-re, recorded on a maintainability/hUnIlLn fact•or failure report form shown in
appendix A, and each failurt' was vtvrtl.td 1)y tIh pr)oject ('lilgnwr.

MalnL iubtlity demonstatlon informaJon comprI•sd downtime for c'Jrrective
maint4-nance actions documenttd on forims shown in appendix A, both during the
reliability dcmonstration phase and tll'* following inainltinaubllty de(ionstrtion. The
CM actions i)Cruormed during Vihe test wotr, carried oul by th. tnhipl•' 'ew. The
additional C.1 repair actloii4 not obtained during the reliability th-f but required by
the test plan ier. induced or Niniulatt'd im• innedlately u1poii the ti-nilusion of the 1160-
hour perlo'd. Prtionnel nwvolvcd in th,, tlnIntlhliability, test Ircduced or simulated
fallurt's weu", eLther ship! t' crct or Center pcrsmonnel with skillm eompat-abl. to those
of a Navy Ut.chniclan who w(juld normally perform the malnterunm,_e.

Analyses were perfwrmed on I 0 CM actionH to dehonstra, compliance with the
nmaintainabillv rcquirei'tmnt. Sueection of the- mduced/,mimulalfd failureS was based

i a I ' (



on malfunctions and probable causes outlined in the troubleshooting tables of the
system operating manual. 5

RESULTS

PERFORMANCE EVALUATION

A summary of the laboratory analyses of samples collected during the
performance evaluation are presented in tables 1 and 2. All analyses were done in
conformance with procedures described in Standard Methods. 6

TABLE 1
SUMMARY OF LABORATORY ANALYSIS FOR COLIFORM BACTERIA

Macerated Influent Effluent

n r (• >0 >240 >1000 n r GF >0 >240 >1000

Total colifurm bacteria, 14 2.6Gx10 5 1. lx10 6 14 14 14 99 <10 19/ 44 27 19
hlF, culcnict/100 ml to to

4. Sx!0 6  106 67

Fecal colllorm bactorLu, 14 L. 6xi04 3.8x0-5 14 14 14 99 <10 11, 39 23 14
MF, colonjes/100 ml to to

2.5x,0 6  106 67

Total coliform bacteria, 14 >1100 - 14 14 14 99 <3 - 43 38 24
MI'N, c iniIrn.cd, culonleslI U0 ml to

>1100

Feoal coliform bacteria, 4 >11oo - 14 14 14 99 <3 - '!, 33 22
MPN. confirmcd, colondes/iO0 ml to

>1100 __

n Number of samples tested.

r =Range uf values for" P tropics tested.
Ug Estimates of the Geometric nican, mininiumi/ nia mumn.

>0 Number of saniples with counts greater than 0.
>240 Number of samples with countb greater t'.an 2,10.

>1000 Number of sampies with counts greater than 1000.

28-939 '



TABLE 2
SUMMARY OF LABORATORY ANALYSES FOR SUSPENDED SOLIDS,

SETTLEABLE SOLIDS, AND RESIDUAL CIILOIIINE

Macerated Influent Effluent

n • s 95"C' err n x s 95% cm

Total

suspended solids, 14 785 743 785.08t 19 773 579 773±1•14

mg/ ,_

Settleable solids, 14 63 50 63t26 99 69 36 69±7
ml/1

Residual chlorine, - - - - 99 156 129 156.t25
p/m

n = number of samples tested.
x arithmetic mean.

s = standard deviation.

95%, cm = 95% confidence of mean.

Coliform bacteria counts were determined by two mnthods. The multiple tube

fermentation technique yielding the most probable number (MPN) coliforni bacteria

results were used to determine system compliance with MIL-S-24201 B (,•SlPS) porfor-
manee criteria. The membrane filter (MF) technique was used to supplement results
obtained by the multiple tube method. For samples which had a coliform bacteria

concentration less than the detection limit of 10 MF colonies/100 ml, assume that

the true value approached 10 as an upper limit and 0 as a lower limit. Therefore, 10

is substituted to compute a maximum value for the geometric met.o (worst case) and
I was substituted to compute a minimum value (best case). Calculatiotis are shown

in Appendix B.

The results of effluent coliform determinations compared to requirements based
upon C/M militzry specifications and proposed USCO regulations are as follows:

* Military specifications require that no more than 1 (,',0 of the samples
show an MPN (confirmed) greater than 240. Analysis of 99 effluent samples Mhowed

38. 4% greater than 240.

* Coast Guard proposed regulations require that the g..omnetric mean
of 20 samples show a fecal coliform MPIN less than 1000. Mil" Vialyses showed a
geometric mean of 11 for the best case and 44 for the worst ease for 91) tamples.

Water closet use during the 1150-hour test period Is summarized in table J.
The data were obtained from meter reading, flush count, and elapsed time logs
maintained by the Center's engineer on-site and the crew of FIDE,; MIT'.

Total use of the system during the I I50-hour test period was as follows:

* 1, 150 hours of C/i on-line time.

• 47. 8 hours of macerator running time.

* 5, 258 flushes of th' iour water elosets.

28-939
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9 16, 600 gallons of water closet flush water entered macerator.

* 14, 900 gallons of water entered macerator through urinal drains
while on-line.

TABLE 3
AVERAGE WATER CLOSET USE DURING TEST

With Urgb in UVo Urinal. Secured

ship's Complement Ship's Complement
Gallons Flushes Using C/M1 System* Gallons Flushus Using C/M Systenf
Per Day Per Day 0700-1630 eman Pr Day Per Day 0700-1630 Remaining Time

Monday
tlhru 219 72.7 5"-0 8-0 444 147 58-60 8-9

Friday

Saturday
and lie 39.4 8-10 8-10 196 04.6 8-10 8-10

Sunday

eiFrom @b|lel' muster counts.

RELIABILITY EVALUATION

The reliabilty of the C/M system was demonstrated during the 1150-hour
test period. Critical and major failures and the total repair time spent from fault
looation through to final checkout are presented in table 4. The mean time to repair,
as computed in table 1-C of appendix C, was 27 minutes. The maximum repair time
was 2M0 minutes, which was within the 5-hour limit l)rescrlbed by the test plan. A
ch•onological summary of events for the 1150 hours, Including elapsed time and
flush count readings, is in appendix B,

Computation of the mean time between failure for the eight failures in table 4,
yield an MTBF of 88, 5 hours at a 9017 confidence level. 7 The teot plan requires
1150 operational hours with no critical or major failures.

MAINTAINABILITY EVALUATION

The maintainability of the C/M system was demonstrated at the close of the
1 150-hour test period. Analysis was performed on 10 corrective maintenance
actions, ap presented In table 5. The downtimes accumulated during the 1150-hour
test were charged as CM downtime, with downtimes for similar failures being
averaged and counted as one CM action each. The 10 actions and their associated
active repair iAnu& arc lilstd, In tablc 5.

38-939 9



TABLE 4
CRITICAL AND MAJOR FAILURES DURING THE

1150-HOUR RELIABILITY EVALUATION

Active Repair
Failure Time, min-

Critical, macerator clogged with paper 280
towels and mop strings

Critical, empty disinfectant storage ta1k 5

Critical, empty disinfectant storage tank 5

Critical, clogged chlorine injection line 10

Major, leaky chlorine injection pump, 30
pump still operational

Critical, macerator clogged with paper 120
towels

Major, macerator r/min reduced due 51
to electrician's tape tangled in blades

Critical, leaky chlorine injection pump, 19
pump inoperative

Total Repair 520
TimeA

Note: Fail-ire times for similar failures were averaged and
included as one failure for use in the maintainability
evaluation.

The six CM actions listed in table 5 that did not occur during the reliability
test were simulated or induced failures. Center personnel involved in the maintain-
ability demonstration were comparable in skill to the average Navy technician that
would normally have performed the maintenance. Active repair times included the
time spent from fault location through to final checkout.

An accept or reject decision is based upon a 900% probability that at least
95% of the logs of the repair times will be less than the log of the pcrmissiblc MTTII
of 5 hours. Computations yielding a reject decision based upon the 10 CIM actions
are shown in table 2-C of appendix C.

28-939 10



TABLE 5
CORRECTIVE MAINTENANCE ACTIONS FOR

MAINTAINABILITY DEMONSTRATION

Action Active Repair Time
minm5

1 - Correct liquid level in disinfectant holding ta.k 5
2 - Correct blockage in chlorine injection line 10
3 - Repair chlorine injection pump
4 - Correct macerator blade rotation 150
5 - Replace timer relay attachment on TRI2 34
6 - Replace magnetic relay 19
7 - Replace injection pump motor bearings 58
8 - Repair liquid-level probe control circuit 56
9 - Replace inoperative flow switch components 40

10 - Replace lower macerator shaft bearing 173

Total 570

Repair Time

1-4 inclusive - Performed during the reliability demonstration.
1-6 inclusive - Performed by the ship's crew.
7-10 inclusive - Performed by Center personnel.

DISCUSSION

ANALYSIS OF EFFLUENT COLIFORM BACTERIA DETERMINATIONS

Total and fecal coliform bacteria in the effluent were determined by the MPN
and MF techniques. The results were analyzed to indicate conformance with military
specifications as required by the test plan. The 10% limitation for samples with
greater than 1000 coliform per 100 ml was exceeded. Therefore, the criteria con-
tained in MIL-STD-24201 B(SHIPS) were not satisfied for total coliform bacteria.

USCG effluent coliform standards were developed under EPA requirements for
existing marine sanitation devices on United States owned and operated vessels. 1, 2

These require that the geometric mean of MPN fecal coliform bacteria dis-
charged in the effluent be less than 1000/100 ml of effluent and that no more than one

* - sample be collected during any consecutive 6-hour period. Additional criteria
require that test conditions simulate those found on a vessel for a similar strength
"influent.

28-939 11



The military standard, for which the C/M was evaluated as required by the test
"plan, requires collecting 10 samples on each of 10 consecutive days. If more than 10%
of the samples show E coliform MPN greater than 240/100 ml, the equipment should be
rejected.

Both standards require that coliform determinations be expressed as MPN/100
milliliters. For the sample volumes used in the analysis of the 99 samples listed in
appendix E, the detection limits determined by analytical sample volume were less
than 3/100 ml aud greater than 1100/100 milliliters. These limits presented no
problems in data analysis for the military standard, but a statistical evaluation based
on the USCG proposed standards is impossible when actual numerical values are not
obtained.

An evaluation of the C/IV against the USCG fecal coliform standard is possible
if three assumptions are made. First, the conditions of the evaluation are compar-
able to those required by the standard. Second, the sampling schedule and number
of samples can be accurately applied to the USCG formula. Third, the MF coliform
test data is substitutable for MPN test data for the same samples.

The geometic mean for fecal coliform bacteria was computed for the best and
worst cases as shown in appendix B. For the worst case in which the <10 values
were computed as equaling 10, the geometric mean was 44/100 milliliters. This was
well within the acceptable limit prescribed by USCG. However, the same coliform
values applied to the military standard greatly exceeded the maximum acceptable
values.

Therefore, for the Carlson Mark..0 chlorinator/macerator, the proposed
USCG standards for fecal coliform arc considerably more lenient than the current
military specification standards. Their adoption would create less stringent standards
than those currently enforced. This would result in accepting increased coliform
bacteria discharges which could lead to a reduction In the quality of receiving waters.

OTHER ANALYTICAL DATA

Chlorination provided very little change in suspended or settleable solids. The
mean value of total suspended solids, as shown in table 2, was only reduced 2% from
785 to 773 mg/liter. The mean value of settleable solids in the chlorinated samples
was approximately eqval to that obtained for the unchlorinated samples.

The residual chlorine present in the effluent could pose a potential threat to
marine wildlife. The chlorine injection rate was 225 ml per flush. Average
residual chlorine in the effluent was 156 p/m which greatly exceeded 0. 1 p/m stated
by the National Academy of Science as being hazardous to marine life. 8

28-939 12
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SYSTE M AND COMPONE NT RELIABILITY

The reliability of the C/M system was demonstrated during the 1150-hour test
period. A discussion of the failures during that pealed follows:

(1) Failure Mode - The macerator clogged on 17 May and 19 June. These
failures were caused by paper towels and mop strings being flushed down the waterclosets. The jam relay light Indicated that macerator shaft rotation was restricted,

but the stoppage was not observed until the operator entered the sewage treatment
room to read the flush counters.

Corrective Action - The problem was remedied by removing the macerator
blade assembly and cleaning the blades. An audible alarm should be installed to
signal a macerator failure. This would eliminate delays in recognizing that a failure
exists.

(2) Failure Mode - A low liquid-level condition in the disinfectant storage tank
on 18 and 25 May prevented chlorine from being pumped to the macerator/detention
tank. These failures were due In part to both human error and equipment failure.
The low level alarm for the disinfectant storage tank failed to indicate that the tank
needed refilling.

Corrective Action -- The low liquid-level problem was easily solved by
transferring disinfectant solution from the mixing tank. Ship's personnel were not
able to diagnose the reason for the alarm failure; so it was necessary to monitor the
liquid level in the storage tank more carefully through the remainder of the test period.

(3) Failure Mode - The chlorine injection line clogged at the .alet to the
macerator tank on 10 June. This was caused by the accumulation of granular,
undissolved calcium hypochlorite being pumped from the bottom of the storage tank.

Corrective Action - By more thoroughly dissolving the calcium hypochlorite
in the mixing tank and allowing the recommended 24 hours of settling before trans-
ferring the solution to the storage tank, the recurrence of this problem can be
eliminated.

(4) Failure Mode - The chloride injection pump began leaking on 15 June. The
problem was caused by a combination of seal wear caused by the pumping of the
granular, undissolved portion of the calcium hypochlorite mixture and the corrosiveness
of the hypochlorite solution on the impeller shaft.

Corrective Action - The leaking could be temporarily stopped by replacing
the pump seals. However, on 9 July the pump began leaking so badly that no chlorine
was reaching the macerator/detention tank. It was discovered that the pump impeller
shaft was now pitted so badly that It had to be replaced along with the pump seals.

28-939 13



(5) Failure Mode - A redruction in the macerator shaft rotation speed was
noticed by the operator during a routine Inspection of the system on 9 July. The
rotation was not yet restricted enough to trip the jam relay but it was audibly
apparent that a problem existed.

Corrective Action - After removing the macerator blade assemb!y,
electrician's tape was found tangled around the lower macerator blades. The tape
was removed and normal operation resumed.

CORRECTIVE AND PREVENTIVE MAINTENANCE

The test plan required selection of corrective and preventive maintenance (PM)
repairs and 6imulations in accordance with procedures outlined in section A10.3.2I of MIL-STP-471.9 However, due to the lack of reliable CM action data and the lack
of prior testing, it was impossible to predict which components of the system were
most likely to Lail. Available Maintenance and Material Management (3-M) and
Consolidated Casualty Report System (CASREPT) data for 16 Fleet ships equipped
with the C/M are contained in appendix C.

The selection of simulated and induced failures was based upon recommended
troubleshooting procedures outlined in the C/1 technical manual. 5 All the failures
chosen are discussed there in detail, and thus, it was inferred that they were the
most likely to occur.

Computations of maximum time to repair are includea in appendix C. 10 The•

reject decision was based upon the 10 CM actions, as shown in table 2-C. These
actions consisted of repair timer for both the failures which occurred during the
Sl50-hour test and the additional induced or simulated failures required for the

maintainability demonstration. For purposes of comparison, table 1-C shows the
results of calculations based only upon the actual repair actions which occurred
during the 1150-hour test. A reject decision can also be made in this case. The
MTTR values for tables 1-C and 2-C are 27 and 35 minutes, respectively.

The only preventive maintenance practiced on the C/M systcrm was to prohibit
the throwing of paper towels and cigarette butts in the water closets. Although
periodic inspections were made of the motors and other electrical components, the
chlorination, maceration, or control subsystems were rarely, if ever, serviced.
No PM schedule is recommended in the operating instructions manual. This manual
was found adequate for both system operation and troubleshooting.

CONCLUSIONS

The Carlson Mark 10 chlerinator/macerator sewage treatment system aboard
USS FIDELITY (MSO 443) was evaluated from 14 May 1973 through 10 July 1973,
for a total of 1150 hours of on-line time. The system treated more than 16,000
galluns of water closet flush water, However, an almost equal amount of water
leaked through the macerator from other sources.
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MIL-S-24201B(St1IPS) requires that no more than 10% of the effluent samples
:; show a coliform bacteria MIPN greater than 240/100 milliliiers. Analysis of 99

effluent samples showed 38. 4% were greater than 240. Residual chlorine in the

effluent averaged 156 p/rn. There was little change in suspended solids and settleable
solids between chlorinated and unchlorinated waste.

The system was required to demonstrate a 500-hour MTBF for 1150 hours of
operating time. It demonstrated a MTBF of 88.5 hours at 90% confidence.

The maintainability evaluation required analysis of 10 CM actions. Computation
of MTTR for those actions showed the system would not meet the maintainability
demonstration criterion. The maximum repair time during the 1150-hour test was
2 hours and 40 minuLus. This was within the 5-hour limit imposed by the test plan.

Therefore, the chlorinator/macerator does not comply with military standards
for effluent quality or test plan requirements for reliability and maintainability.

RECOMMENDATIONS

To bring the unit Into compliance with military standards, it will be necessary
to reduce the coliform bacteria in the effluent. This can be accomplished by increas-
ing either the chlorine contact time or the amount of chlorine injected per flush.
Increasing contact time is impractical because it is dependent upon the frequency andvolume of flushes from the water closets. Therefore, the practical solution is to

Increase the amount of chlorine injected into the macerator/detention tank. However,
this should not be done without considering any possible harmful effects which may
result from discharging highly chlorinatea effluent into the marine environment.

The maintainability of the system can be enhanced by instituting a simple

preventive maintenance program. Its major emphasis should be toward regular
inspection and/or replacement of injection pump parts; periodic cleaning and flushing
of the mixing, storage, and macerator/detention tanks; and a more comprehensive
program to prevent the flushing of unacceptable materials through the water closets.
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REPORT FORMS USED DURINGO RELIABILITY/MAINTAINABILITY
EVALUATIONS
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HOLRLY LOG

Date Location: At Sea In Port

Time of Readingas In Out

Meter/Counter Readings

Water Closet #1 Urinal #1
Water Closet #2 Urinal #2
Water Closet #3 Urinal #3
Water Closet #4

Water Closet Flush Water Meter
Urinal Flush Water Meter

Chlorinator Insection Pump Elapsed Time__
Macerator Elapsed Time

Remarkst

Initials of Operator/
Recorder_____
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MAINTAINABILITY/HUMAN FACTORS FAILURE REPORT

Contract Number Form Number

1. Date of Failure

2. Elapsed Time at Time of Failure hours

Elapsed Cycles at Time of Failure cycles

3. Failed Piece Part of Item (Name and Identification)

Primary _

Secondary

4. Cause of Failure (Design, Workmanship, Human, Unknown, Wear-Out,
Other; Explain.)

4a. No. of previous failures of same part in testing period _

5. First Indication of Malfunction (Did Anyone Observe the Failure ?)

6. Mode of Operation When Failure Occurred

7. Effect of Failure on Part I

8. Effect of Failure on System

9. Detailed Failure Analysis

10. Repair Action (or Action Taken to Correct Deficiency)--(e. g. Correct, Replace,
Eliminate, Modify, Design, Modify Part, Other; Describe Concisely the
Action Taken)
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10a. Describe any change in maintenance requirements as result of repair action

11. Verification Action Planned to Check Adequacy of Corrective Action _-

12. Cost of Repair Parts (or Remedy)

13. Skill Level Required to Repair Failed Item _-_=

14. Diagnostic Time to Isolate Trouble hours min.

* Actual Time to Repair hours min.__m

Man-Hours to Repair hours amin.i.

**Down Time hours rain. mm-

15. Scheduled (Preventive) Maintenance Associated with Failed Part

16. Name of Reporter _

* Actual Time to Repair is the length of time spent in determining the problem

and repairing the machine.

**Down Time is the length of time that the unit is not operational. It includes

such times as time away from repair due to meals, holidays, waiting for
ordered parts and administrative delays.
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F" /

Maintainability Evaluation Form

Remove/Replace Hours Minutes_

Actual Time to Remove/Replace Hours Minutes

Man-Hours to Remove/Replace Hours Minutes

Down Time Hours Minutes

Tools Used:

Parts Used:

Adequacy of Technical Manual: ___

Skills Used:

Scheduled (Preventive) Maintenance Associated with Part: _

Comments:

Name of Reporter:

Actual time to repair is the length of time spent in removal and replacement.

Down time Is the time that flush service would not be available.
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APPENDIX B

PERFORMANCE EVALUATION CALCULATIONS

COMPUTATION OF GEOMETRIC MEAN VALUES FOR MF COLIFORM COUNTS

The method used for determining geometric mean is:

zlogx
log G = ý ,

n

where

G = geometric mean

X = MPN (MF) value per 100 ml

n - number of tests yielding MPN (MF) values.

INFLUENT COLIFORM, MF

Total (1) Fecal (2)

n x n log x n x n log x

1 260,000 5.41497 1 96,000 4.98227

1 410,000 5.61278 1 152,000 5.18184

2 490,000 11.38040 1 167,000 5.22272

1 580,000 5.76343 1 181,000 5.25768

1 610,000 5.78533 2 236,000 10.74582

1 650,000 5.81291 1 275,000 5.43933

1 1,400,000 6.14613 1 300,000 5.47712

1 1,600,000 6.20412 2 500,000 11.39794

1 1,800,000 6.25527 1 990,000 5.99564

1 2,300,000 6.36173 1 1,020,000 6.00860

1 2,900,000 6.46240 1 1,100,000 6.04139

1 3,000,000 6.47712 1 2,500,000 6.39794

1 4,850,000 6.68574

"2:Z14 Z84. 36233 Z14 7-78. 14829

(1) 1/14logX=6.02588; G=Alog6.02588 . G = 1, 061, 000
(2) 1/14 ZlogX= 5.582021; G= A log 5.582021 .'. G = 382,000
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EFFLUENT TOTAL COLIFORM, MF

Best Case, <10-1 (1) Worst Case, <10-10 (2)

n x n log x n x n log x

55 1 0.00000 55 10 55.00000
1 10 1.00000 1 10 1.00000
3 40 4.80618 3 40 4.80618
3 60 5.33445 3 60 5.33445
3 80 5.70927 3 80 5.70927
3 90 5. 86272 3 90 5.86272
1 100 2. 00000 1 100 2. 00000
1 110 2.04139 1 110 2.04139
1 190 2.27875 1 190 2.27875
1 200 2.30103 1 200 2.30103
1 240 2. 38021 1 240 2. 38021
1 260 2.41497 1 260 2.41497
1 360 2. 55630 1 360 2. 55630
1 460 2.66276 1 460 2.66276
1 510 2.70757 1 510 2.70757
2 540 5.46478 2 540 5.46478
1 980 2.99123 1 980 2.99123
1 1,300 3.11394 1 1,300 3.11394
1 1,400 3.14613 1 1,400 3.14613
1 1,800 3.25527 1 1,800 3.25527
1 1,820 3.26007 1 1,820 3.26007
1 2,000 3.30103 1 2,000 3.30103
2 3,000 6.95424 2 3,000 6.95424
1 3,300 3.51851 1 3,300 3.51851
1 4,900 3.69020 1 4,900 3.69020
1 5,200 3.71600 1 5,200 3.71600
2 5,700 7.51174 2 5,700 7.51174
1 10,000 4.00000 1 10,000 4.00000
1 10,200 4.00860 1 10,200 4. 00860
1 13,400 4.12710 1 13,400 4.12710
1 37,000 4.56820 1 37,000 4.56820
1 40,000 4.60206 1 40,000 4. 60206
1 42,000 4, 62325 1 42,000 4.62325
1 1,000,000 6.00000 1 1,000,000 6.00000

Z99 Z125. 90795 Z99 Z2 80. 90795

(1) 1/99 M logX 1.27180; G =Alog1.27180 .. G= 19
(2) 1/99 ZlogX "1. 82735; G =Alogl.82735 .. G = 67
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EFFLUENT FECAL COLIFORM, MF

Best Case, < 10 - 1 (1) Worst Case, <10- 10 (2)

n x nlog x n x n log x

60 1 0.00000 60 10 60.00000
3 20 3. 09309 3 20 3.09309
1 24 1. 38021 1 24 1. 38021

1 34 1. 53148 1 34 1. 53148
1 36 1.55630 1 36 1.55630
3 40 4.80618 3 40 4.80618
1 46 1. 66276 1 46 1. 66276
1 70 1. 84510 1 70 1.84510
1 82 1.91381 1 82 1.91381
1 84 1.92428 1 84 1.92428
1 94 1.97313 1 94 1.97313
1 100 2.00000 1 100 2.00000
1 200 2.30103 1 200 2.30103
1 290 2. 46240 1 290 2. 46240
1 360 2. 55630 1 360 2. 55630
2 400 5.20412 2 400 5.20412
1 440 2. 64345 1 440 2. 64345
1 450 2. 65321 1 450 2.65321
2 750 2. 87506 2 750 2. 87506
1 760 5. 76162 1 760 5. 76162
1 1,110 3.04532 1 1,110 3.04532
1 1,120 3.04922 1 1,120 3.04922
1 1,300 3.11394 1 1, Z00 3.11394
1 1,900 3.27875 1 1,900 3. 27875
1 2,000 3.30103 1 2,000 3.30103
1 2,100 3.32222 1 2,100 3.32222
1 2,200 3.34242 1 2,200 3.34242
1 2,960 3.47129 1 2,960 3.47129
1 3,750 3.57403 1 3,750 3.57403
1 5,000 3.69897 1 5,000 3.69897
1 15,400 4.18756 1 15,400 4.18756
1 16,400 4.21484 1 16,400 4.21484
1 16,500 4.21748 1 16,500 4.21748
1 1,000,000 6.00000 1 1,000,000 6.00000

Z99 Z102.77056 -99 1162.77056

(1) 1/99 Ilog X= 1.03809; G - A log 1.03809 .. G = 11
(2) 1/99 ZlogX= 1.644147; G= A log 1.644147 .. G=44
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APPENDIX C

COMPUTATION OF MAXIMUM TI.ME TO REPAIRt
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There is a 90% probability that at least 95% of the logs of the repair times will
be less than T. Assuming a log-normal distribution for CM repair times;

T = X+Ks

where

X = mean of the logs of the observed CM repair times
(antilog X is the mean time to repair for CM actions used)

s = standard deviation of the logs of the CM repair times.

K = factor for one-sided tolerance limit for normal distribution. 1

Accept/Reject Criterion
LI

Accg~tReject

T 5 log 5 Hours T > log 5 Hours

Pi Log 5 Hours = log 300 minutes = 2.4771.

TABLE 1-C
COMPUTATION OF MAXIMUM TIME TO REPAIR FOR THE EIGHT
ACTUAL CM REPAIR ACTIONS SHOWN IN TABLE 4 OF THE TEXT

Action Time, miin Log

1 280 2.4472
2 5 0.6990
3 5 0.6990
4 10 1. 0000
5 30 1.-t771
6 120 2. 0792
7 51 1.7076
8 19 1.2788

Therefore: =11. 3879

MTTR =Anti log =27 minutes X 1.4234

T 1.4234 -1- 2.755 (.5927) s= 05927

3. 0562

T = 3. 0562 >2.4771--Reject

iNatrella, M. G., Experimental Statistics, table A-7, Statistical Engineering
Laboratory, National Bureau of Standards (1963)
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TABLE 2-C
COMPUTATION OF MAXIMUM-TIME-TO-RE PAIR FOR THE
10 CM REPAIR ACTIONS SHOWN IN TABLE 5 OF THE TEXT

Action Time, min Log

1 5 0.6990
2 10 1.0000
3 25 1.3979
4 58 1.7634
5 56 1.7482
6 150 2. 1761
7 40 1.6128
8 173 2.2380
9 34 1.5315

10 19 1.2788

Therefore: 2;= 15.4457

MTTR = Antilog X =35 minutes = 1. 5446

T = 1. 5446 + 2.568 (0.4.557) s z0.4557

T 2. 7148 >2.4771.- Reject
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0451:JH:dma

Ser 166-045
6 Mar 1973

C o P Y

From: Commander, Naval Ship Systems Command
To: Commander, Naval Ship Research and Development Center

Annapolis Laboratory

Sub): Mace rator-Chlorinator Sewage Treatment System 3-M Maintenance
Data; lack of ,

Ref: (a) NSRDC/A ltr 286:AT 9360 Work Unit 2860-511 of 26 Feb 1973

1 . Reference (a) requested 3-M (Maintenance and Material Management) and

CASREPT (Consolidated Casualty Report System) data for the subject sewage treat-
ment systems. The system of interest is manufactured by Koehler-Dayton Incor-
porated, APL (Allowance Parts List) number 670280013, NAVSHIPS Technical
Manual Number 0936-014-6010.

2. Our records indicate that the data in the 3-M/CASREPT files Is not sufficient
to make ordering the data products requested by reference (a) worthwhile. However,
for your information the following is provided for master APL 670280013:

MDCS CASREPTS
670280013 1 SHIP, 2 ACTIONS I SHIP, 1C2 1 JAN 70 thru 31 DEC 72

PUMP 019110043 1 SHIP, 2 ACTIONS 0 " "1 "1 "1 "1 11 1

MOTOR 175504308 0 0 it if it if It If

MACERATOR 175504309 2 SHIPS, 3 ACTIONS 0 If" " " " I

SWITCH 213480273 0 0 " " " " " " "

SWITCH 213480274 3 SHIPS, 5 ACTIONS 0 " " " " " " I
' ~PANFL 500840015 0 0 """ "" " "
" ~CONTROL

TANK 920600002 0 0 " " " " "

TANK 920600007 1 SHIP, 1 ACTION 0 " " I " " " "

3. The laboratory's interest in using the Maintenance Data Collection Sub-System
(MDCS1 of the 3-M system is appreciated. and it is hoped that you will continue to
use the 3-M/CASREPT data bank to assist you in your assigned work problems.

Copy to:
CNO (OP433) A. J. Ruffini
CNM (MAT 0414) By direction
CINCPACFLT (3-M office)
C INC LANTFLT (3- M office)
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APPENDIX D
CHRONOLOGICAL SUMMARY OF EVENTS, EQUIPMENT ELAPSED

TIMES, AND FLUSH COUNTER READINGS

system Elapsed Time Elapsed Time Flushes 2

Da Time Into Tent of Macerator to Event
1973 time hr OperatToaU Date

hr hr

14 Stay 0000 0 - - Formal start of 1160-hour eviJu&Uon

14 May 1700 None 7.00 0.58 281 Mix new batch of calcium hypoohiorite

17 may 0610 10.5 78.17 2.28 776 Crilutal filaure, maoerator clogged with paper towels
and mop strings

17 May 1400 None - - - Urinals put on-line by, USS FIDELITY crew

17 May 173J None 79.00 2.48 792 Mix new batch of calcium hypochtn-ite

18 May 0930 0.OR 95.00 2.94 860 Critical faJlure, dislinectant storage tank empty

24 May 1530 No;-e 244.92 10.65 WJ27 Mix nev, batch of calcium hypachiorite

25 Mtay 0900 1 00 262.42 10.66 1864 CriUcal failure, dlsinloctaM, storage tank empty

7 June 1400 Sone Urinals secured by 1158 FIDELITY crew .3

8 June 0930 None 697.92 21.12 2726 Mix now batch of calcium hypochhlrlte c

10 June 0400 61.92 640.42 22.91 2863 Critical fallure, cloggod chlorine injectUon line

15 June 0700 0.5 701.50 27.41 3100 Major failure, leaky chlorine injeution pump,
dlvirdlctunt wac -till being lwmped to macarstor

15 Juno ,320 None 707.83 - Mix new batch of calcii:m hypochlortte

19 June 1110 107.91 801.67 30.96 3079 Critical failure, macerator clogged with paper tnwels

25 June 1345 Non- - MIx fresh butch of calcium hypochlorite, unit still
off line

9 July 1320 None 1115.02 4980 MIX new batch of calcium hypochlorite

9 July 1600 0.87 1118.59 43.72 4991 Major failure, low maceratar r/min, electricians'
tape wrapped around blades,

9 July 1652 0.32 1118.5h 43.72 4991 Critical failure, badly leaking chlorine injection pump,
no dlilnfecbtnt reaching macerator

11 Jul) 0018 - 1150.0 47.8 5258 End of test
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APPENDIX E

LABORATORY ANALYTICAL RESULTS
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1, *

MACERATED RAW WASTE-WATER SAMPLES

I.-1

- etleable Suspended Total Fecal Total F*a Residual
SSolids Solids Coliform Coliform Coliform Coliform Chlorine

No. mi/ rag/A MFNo./100ml MFNo./100ml MPN/100 ml MpN/100 ml p/m

11 MKay 1973

1 38 2292 650,000 275,000 > 1100 >1100 0

2 XA 452 580,000 236,000 >1100 > 1100 0

3 12 292 410,000 152,000 >1100 > 1100 0

4 28 644 490,000 167,000 >1100 > 1100 0

0 20 520 610,000 236,000 >1100 > 1100 0

6 19 444 260,V00 96,000 >1100 > 1100 0

7 3U 438 490,000 181,000 >1100 > 1100 0

8 61 936 2,300,000 990,000 > 1100 > 1100 0

9 190 2672 3,000,000 1,020, GO0 >1100 > 1100 0

10 65 736 4,850.000 2,500,000 > 1100 > 1100 0

22 May 1973

1 80 408 1,800,000 500,000 >1100 > 1100 0

2 110 460 1,600,000 500,000 >1100 > 1100 0

3 80 420 2,900,000 1,100,000 >1100 > 1100 0

4 120 284 1,400,000 300,000 > 1100 > 2100 0

2 9

I
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I -

CHLORINATOR/MACERATOR EFFLUENT

sample Settleable Suspended Total Feocal Total Feocal Residual

No Solids Solids Coliform Coliform Coliform Coliform Chlorine
M nilA mgA MF No./100 ml MF No./100 ml MFN/100 ml MPN/100 Ml p/mz

14 May 1973

1 220 4144 < 10 < 10 < 3 < 3 232

2 130 1840 < 10 < 10 < 3 < 3 180

3 130 1780 < 10 < 10 < 3 < 3 146

4 24 544 < 10 < 10 < 3 < 3 188

5 19 392 < 10 < 10 < 3 < 3 360

6 130 1488 < 10 < 10 < 3 < 3 224

7 60 992 < 10 < 10 < 3 < 3 212

8 52 612 <10 < 10 ' 3 < 3 176

9 59 1004 <10 < 10 < 3 < 3 184

10 61 1096 < 10 < 10 '- 3 '< 3 164

15 May 1973

1 160 1396 40 24 93 43 114

2 85 884 < 10 <10 '3 < 3 192

3 140 2336 <10 < 10 < 3 < 3 215

4 48 924 < 10 < 10 <3 < 3 240

5 85 1152 <10 < 10 3 < 3 192

6 58 812 < 10 <10 - 3 < 3 187

7 36 312 <10 < 10 < 3 < 3 230

8 110 1388 < 10 < 10 < 3 < 3 219

9 90 1104 < 10 <10 < 3 < 3 186

10 58 668 <10 <10 < 3 < 3 190

16 May 1973

1 48 504 40 36 93 93 64

2 90 1076 < 10 < 10 < 3 < 3 168

3 75 840 <10 < 10 < 3 < 3 228

4 120 1300 <10 < 10 <3 < 3 148

5 150 1868 <10 <10 <3 < 3 227

8 200 2572 <10 <10 <3 < 3 226

7 130 1084 < 10 <10 <3 < 3 236

8 80 792 90 82 240 240 140

9 95 1044 110 100 240 240 178

10 80 1096 90 84 240 240 128

28-939 E-2
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Sap e •ttleable Suspended TOWa Fecal Total Fecal Residual
Solids Solids Coliform Coliform Coliform Coliform Chlorine

No. mIA mg/] MFNo./100 ml MF No./100 n I MFN/100 ml MPN/IO0 ml p/rn

18 May 1973

1 46 292 6700 1900 1100 1100 37

2 50 320 260 94 240 240 90

3 75 660 190 70 240 03 61

4 34 704 100 46 240 240 57

5 58 380 < 10 O0 < 3 < 3 104

6 50 516 90 34 240 240 85

7 50 924 < 13 < 10 c3 < 3 109

8 18 236 1820 760 > 1100 l IlCO 37

9 23 144 5700 2100 > 1100 > 1100 26

"10 62 552 < 10 <10 <.3 <3 154

19 MAY 1973

1 70 568 -C 10 < 10 4 3 < 3 646

2 75 492 < 10 4 10 ( 3 < 3 83

3 58 332 < 10 < 10 < 3 < 3 273

4 23 312 < 10 410 < 3 43 619

5 80 960 13,400 5,000 > 1100 > 1100 130

6 75 664 10,200 3,760 3,1100 >,1100 63

7 60 324 980 360 460 460 45

8 44 510 3,000 1,110 > 1100 •'1100 32

9 25 184 1,800 760 3,1100 > 1100 30

"10 60 332 10 < 10 23 < 3 65

"21 May 1973

1 3 20 4,900 2,200 >1100 >1100 28

2 13 152 < 10 4 10 < 3 < 3 64

3 26 132 < 10 < 10 c 3 < 3 66

4 56 276 TNTC TNTC •1100 • 1100 47

5 40 380 37,000 16,500 )11100 >1100 34

8 38 304 5,200 2,000 > 1100 >1100 71

7 80 384 3.300 1,300 >1100 I 1100 95

8 56 296 540 200 460 210 79

9 06 272 1,300 450 •1100 ' 1100 107

10 85 424 2,000 750 • 1100 ),1100 106

TNTC - Too numerous to count (L. e., 71, 000,000).

28-939 E-3



Se=Wcable Suspended Totl Foc Total FeO Residual

Solids SrUdi Coliorm Coliform Coliform Collform Chlorine
No. ml/A mg/l MF No./100 ml MF No./100 ml MFN/100 ml NPN/100ml p/M

22 May 1973

Sample

Destroyed

2 86 808 <10 < 10 < 3 < 3 169

3 75 820 <1.0 <10 <3 '3 275

4 75 648 3,000 1120 >- 1100 > 1100 89 -

5 70 568 360 290 > 1100 > 1100 128

6 65 560 510 290 > 1100 > 1100 129

7 75 588 400 400 > 1100 > 1100 150

8 60 484 40 <10 < 3 < 3 213

9 60 500 <10 •10 <3 < 3 150

10 60 398 <10 <10 ' 3 < 3 89

23 May 1973

1 52 240 80 < 10 240 240 8

2 56 508 10,000 2960 > 1100 > 1100 29

3 70 644 1,400 440 > 1100 > 1100 75

4 70 1160 200 40 240 240 89

6 110 1240 80 < 10 240 240 65

6 75 944 <10 < 10 < 3 < 3 89

7 75 1328 < 10 < 10 c 3 ' 3 121

8 65 824 <10 < 10 < 3 < 3 299

9 44 984 < 10 < 10 < 3 < 3 546

10 100 1224 <10 '10 < 3 < 3 231

24 May 1973

1 56 540 80 20 >1100 210 69

2 52 344 < 10 < 10 e 3 < 3 66

3 46 340 < 10 ' 10 < 3 < 3 79

4 60 1480 40,000 16,000 > 1100 >1100 48

5 70 1040 540 20 >1100 210 62

6 48 764 42,000 15,400 >1100 > 1100 27

7 50 448 60 40 180 120 184

8 685 44 80 20 290 210 165

9 85 628 <10 '10 < 3 < 3 86

10 86 332 '10 < 10 < 3 < 3 707

2 9
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V--=.

Settleable ISuspended Total Fecal Total Fecal Residual

Sample Solids Solids Coliform Coliform Coliform Collform Chlorine

No. rMlA mg/l MFNo./100ml MFNo./lOOml MFN/100ml MPN/100MlO p/mr

25 May 1973

1 76 640 60 <10 75 < 3 61

2 105 988 < 10 <10 <10 < 3 121

3 110 1264 240 40 240 240 143

4 40 608 < 10 <10 < 3 < 3 119

5 60 664 < 10 <10 <3 < 3 120

6 70 604 < 10 <10 <3 < 3 103

7 70 620 < 10 <10 <3 < 3 80

8 20 260 <10 - 10 < 3 < 3 451

9 16 464 < 10 <10 < 3 < 3 397

10 36 624 < 10 <10 <3 <3 222

28-939 E-5



Security Ctassifkaf ion UNCLASSIFIED
DOCUMENT CONTROL DATA. R & DA

(Seturity cla#5ifir.alon of MWl. body o f abstr~rt and Indo~nen onnA letion a' be entered when the ov.,afI report 14 clfeitejid)

IORIGINATtNO ACYIV.TV (corporate author) as. Rr rCýR 11' CUAt TIC 1.A 351FIFC ATIO.

Naval Ship Research and Development Center Unclassified
Annapolis, Maryland 21402 abGRU

3ý REPORT T,?LE

Shipboard Evaluation of a Carlson Mark 10 Chlorinator/Macerator Sanitary Waste-Water
Treatment System

r ~A. 013C~iPTIvC NOTES (Typit of Peport end inrh..I,.' data#)

Evaluation
h. AU114ft1S) mFrtnwaiddle initial. mu tnarme

Craig S. Alig

a- REPORT OATE OA O FPrE 1 FRF

May 1974 1
$8. CON TRACT OR GRAN T NO. Ga. ORIGIN ATOR'S REPORT NUIBERSJS 0

6. PROJECT NO 2-3
Task Assignment S4656

C. NASCWr9eqet356b. OTHE~R REPORT moill' (Any other numb.er that may ba assigned

d. Work Unit 1-2863-511-60
10. 01Slt~IftVTtON STATEMEN T

Distribution limited to U.S. Government Agencies only; Test and Evaluation; May 1974.
Other requests for this document must be referred to Commander, Naval Ship Engineering
Center (SEC 6159B). Prince Georges Center. jjattsville. Maryland 20782.

11 SUPPLEMENTARY NOTES ft2 SPONSOR.NG t..,L.ITARV ACT~vsT,

NAVSEC

A techniical evaluation of the Carlson Mark 10 chlorinator/macerator sanitery waste-
water treatment system aboard USS FIDELITY (MSO 443) has been completed. The evaluation

-- was to determine compliance with effluent quality standards set forth in MIL-S-24201B (SHIPS)
and to obtain reliability and maintainability informatior.

The system treated 16,600 gallons of waste water during the 1150-hour test. Over 28%0
* cf the samples collected exceeded military standards for effluent coliform bacteria. There

were eight failures resulting in a mean timne between failure at 90% confidence of 88. 5 hours.
The maximum failure repair time was 2 hours and 40 minutes.

The chlorinator -macerator did not meet military standards or satisfy the test plan for
reliability and maintainability. Effluent bacterial quality could be improved by Increasing
chlorination, but this would result in high levels of chlorine entering receiving waters. System
downtime could be reduced by instituting a simple preventive maintenance program.

(Author)

D Df FNORvM..A 73 WPAGE 1)

UNC LASSIFIED
S /N 0101.807.6801 security classificution



secud•ty ct.Ji ieiCiof UNCLASSIFIED
SeuiY? 7-r-ain 7 wLzIINK A LINK U LINK~ C

SKIV wORDS

ROLE WT ROLI WV RO.E I T

Navy environmental protection
Shipboard wastes
Chlorinator/mac erator
Marine sanitation

FORM..'1 (BACK) UNO LASSIFIED
(PAGE 2) 

tutyCm.fao


