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- FOREWORD

Summarized in this report is the work performed to develop
and evaluate the Vapor Compression Distillation (VCD) module
and spares for the Space Station Prototype (SSP) Life Support
System. This work was performed under or thru NASA contracts,
and an independent research and development (IR§D) project at
CHEMTRIC. 1Initially, the VCD module was designed, fabricated
and checked-out by CHEMTRIC under a subcontract on NAS9-10273
with United Aircraft Corporation's Hamilton Standard Division -
the prime contractor for the SSP Life Support System. Then
CHEMTRIC was awarded no-cost contract NAS9-13714 to retain the
- spare VCD unit and other residual property for the purpose of
performing parametric tests with concentrated urine under
CHEMTRIC IR&D Project 3105. Finally, contract NAS9-14234 was
received to document the work performed as a subcontractor on
NAS9-10273. This report is submitted to fulfill the report
requirements for both NAS9-13714 and NAS9-14234.

All of the work summarized in this report was monitored
by Messrs. M. Owen and W. Reveley, respectively, of the Crew
Systems Division at the NASA Lyndon B. Johnson Space Center. .
Messrs. T. Moore, L. Ziegler, H. Kolnsberg and H. Brose,
respectively, of the Hamilton Standard Division served as
technical coordinators of the work performed as a subcontractor
under NAS9-10273. :

Phillip P. Nuccio served as Program Manager for the design,
fabrication and testing of the VCD Module; Thomas L. Hurley
directed the earlier system-definition phase. Other CHEMTRIC
personnel who made substantial contributions to this program
include Robert A. Bambenek, who performed the administration as

well as being a council to resolve technical problems, and Walter

J. Jasionowski, who provided the chemical technology for both
the post-treat and pretreat portions of the integrated process.
We are indebted to Mr. C. Verostko, of the Crew Systems Divis-
ion for his support in obtaining detailed analysis of the gener-
ated water, Messrs H. Kline and J. Estep of the Materials
Technology Branch for their extended test work to evaluate

peristaltic pumps and tubing, and especially to Mr. W. F. Reveley

of the Crew Systems Division who is dedicated to the eventual
development of a flight-qualified water recycling system.
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SECTION 1

INTRODUCTION AND SUMMARY

A Space Station Prototype (SSP) Environmental Control and
Life Support System was designed, built and tested to generate
operational data pertinent to the advanced systems necessary for
very long duration flights. The prime contract (NAS9-10273) for
the entire SSP-ECLSS was let by NASA to the Hamilton Standard
Division, United Aircraft Corporation. The water renovation
portion of that system was CHEMTRIC's responsibility, and was
performed under a sub-contract to Hamilton Standard (HSD P.O.
No. SS-863762). Design emphasis was placed upon evaluating and
minimizing the time-and-effort penalty imposed upon the crew
members for maintenance of the machinery. It is the intert of
future spacecraft and certainly of a space station to maximize
the crew time available for scientific investigation in that -
unique environment, and to minimize the time. allocated to vehicle

maintenance. .

The three most significant criteria by which life support
systems for the SSP were selected and designed are:

1. Regenerative. Closed-loop life support systems are
imperative for a permanent space station, especially for the
water and oxygen supplies. Should these and other materials be
used by the crew only one time the cost of shuttling these
essential materials would be prohibitive. For the SSP the re-
supply period was set at 90 to 180 days. At those intervals the
water system planned requirements are that the recycle tanks be
returned to earth for solids disposition and replaced with fresh
tanks containing silver-dosed water.

2. Longevity. Space stations must be operational for up
to ten years,; throughout that time span the systems on board
must characteristically remain operational without a permanent
performance degradation. Should any system require rejuvenation
or replacement during the useful life period of the station the
total cost penalty, including replacement, must be lower than
that for an alternative system not requiring periodic restoration.

3. Maintainability. Separate from planned useful 1life
expectancy any chance failure corrections and planned mainten-
ance must be performed quickly, easily and with little tech-
nical cognizance of the machine details. While the above two
criteria are characteristics, intrinsic to the selected systems,
maintainability is a design objective to be applied to those

"systems and to the results of the design effort evaluated to est-
ablish the 'system adaptability to simplified maintenance.

As mission durations become longer the water loop is the
first regenerative system to become advantageous, because the
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mass rate of water required for life support is greater than that
of any other substance. The Vapor Compression - Vacuum Distilla-
tion technique of potable water regeneration was selected for the
SSP because (1) longevity has been demonstrated*, (2) the main-
tainability goals could be realized, (3) the technigue imposes
the lowest power and heat rejection penalty upon the vehicle,

and (4) vapor compression integrated with reverse osmosis is the
most advantageous loop for regenerating waste water. '

Summarlzed in this report is the design and initial testing
of the SSP Vapor Compression Distillation System. The system in-
cludes the waste tankage, pumps, post-treatment cells, automatic
controls and fault detection instrumentation necessary to evalu-
ate the complete system and its application to space station re-
quirements. Emphasis is placed upon the components comprising
the complete system; the distillation unit is essentially that
unit developed and successfully operated for more than 2,000 hours
under contract NAS9-9191.

Development problems were encountered with two components -
one with the liquid pumps, the other with the waste tank and
quantity gage. Peristaltic pump characteristics are ideally suit-
ed to the operating requirements of the vacuum distillation proc-
~ess, but they have demonstrated a useful life span too short to
be applled in their present state of development. In an effort
to obtain longer useful pump life gear pumps were originally
designed into the system. Gear pumps, however, produce unstable
flow and vapor locking when the inlet pressure is near the sat-
uration pressure of the medium. Corrective -action was to again
apply peristaltic pumps and concentrate upon improving their
longevity. To that end a sub-program of materials and design
optimization was undertaken resulting in an actually-measured
peristaltic tubing life of more than 2100 hours and a projected
life greater than 10,000 hours of continuous operation, or about
2 years of nominal operatlon

A bladder tank was designed and built to contain the waste
liquids and deliver it to the processor. The inclusion of a
force-operated quantity gage into the tank design imposed a de-
trimental pressure pattern upon the bladder. Corrective action
was effectively taken by rearranging the force application, and
.design goals were achieved.

System testing has demonstrated that all performance goals
have been fulfilled. Potable water was generated from urine and
urinal flush water containing more than 59% solids - which cor-
responds to more than 98% water removal. Automatic operation of
the loop was achieved so that the process will start when waste
'is available. 'The quality of water produced will be constantly

* CHEMTRIC Report No. 3014 (Contract NAS9-9191)
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monitored. Should the quality be sub-standard, the system will
automatically reject the output stream to be reprocessed until
acceptable water is produced. Automatic control of the process
is applied in the event of off-design operation such as might
result from a leak, a power limitation or a complete power fail-
ure, off-design cabin température or pressure, Oor excessive water
inventory present in the distillation unit. An automatic shut-
down sequence is built into the system to assure (1) that there
is no possiblity of contamination of the distilled water con-
denser by waste liquid when the unit is stopped in null gravity,
and (2) that upon restart, the distillation process will begin
immediately.

An additional empirical investigation was conducted to deter-
mine whether any abnormally high power consumption points ‘exist
within the distillation unit, and whether the vapor discharged by
the compressor was detrimentally superheated. There are no high-
er than anticipated power sinks within the unit; superheat was de-
tected, but a baffle was added to direct this vapor against the
outer shell before it contacts the condensation surface.

One very compromising component, the purge pump, was built
into the system for expediency and cost consideration. A stand-
ard 2-stage, dry-piston vacuum pump, which is operational on an
Air Force bomber, was purchased and used to purge noncondensable
gases from the distillation unit. Operation of that pump in the
" VCD application is acceptable except that power conSumption and
noise generation are excessively high. Subsequent to delivery “of
the module, a peristaltic pump replacement for the piston pump
was investigated analytically and empirically. Results show that
a peristaltic purge pump operating at a slow speed can perform
both the initial evacuation and steady-state purging requirement.
Power requirement is one-tenth that of the piston pump and noise
generation will be negligible. Tubing life in the peristaltic
purge pump application is unknown at this writing, but that deter-
mination is the objective of an on-going investigation at the NASA
Crew Systems Division with the help of the Materials Technology
Branch, Structures and Mechanics Division, and at CHEMTRIC under
contract- No. NAS9-14469. Simultaneously, the Plastics and Syn-
thetics Division, Norton Company, Akron Ohio, is independently
developing improved tubing materials for peristaltic pumps, and
liaison is being maintained with that effort to benefit the VCD
application. '



SECTION 2-

DESIGN REQUIREMENTS

2.1 SSP Water Loop Requirements

The SSP Vapor Compression Distillation (VCD) Module is part
of the renovation portion of a closed-loop six-man capacity water
system. The system is designed to remain in operation for two
vears with resupply at 180-day intervals. A water renovation loop
in that service must generate water for general housekeeping needs
as well as for basic crew hygiene.

The schematic diagram showing how those housekeeping and crew
hygiene loads are integrated into the SSP water system is*®shown
in figure 1. Shown also in that diagram is the nominal daily
water balance. '

The closed-loop system includes subsystems for (1) the col-
lection, distillation and post-treatment of urine and humidity
condensate to generate potable water and electrolysis water, (2)
the collection and processing of wash water for reuse, (3) the
collection and processing of feces for storage, and (4) the col-
lection and processing of anal wash water for re-use. Addition-
ally, the system must manage excess water generated by food di-
gestion and provide make-up water lost by normal cabin leakage
and extra-vehicular activities, and supply the Portable L1fe
Support Systems with nonreturnable water.

Vacuum distillatlon, via the vapor-compression technique, in-
tegrated with reverse osmosis (RO) comprises the processor of the
closed water system. The water balance diagram (fig. 1) shows
that integration quantitatively.. Permeate from RO is applied as
wash water for utensils, face and hands washing, clothes washing
and showering, while all of the other .more critical loads are
supplied with distilled water. Provisions are included in all
processors to dose recovered water with silver-ions and thereby
maintain these waters in a sterile condition.

All three of the VCD modules are identical; therefore, all
technical objectives could be met by building and testing only
one module, designated VCD-1. The RO Processor module was not
built; therefore the operating characteristics of VCD-3 which is
integrated with the RO, could not be tested. Various other sub-
systems were built and tested (e.g., shower and the fecal collect-
or) and are described by other contract reports. :

2.2 Vapor-Compression Module Requirements

The Processor module shown, identified VCD-1 and shaded in
figure 1, is the SSP assembly with which this report is concerned.

2-1
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A detailed schematic diagram of that module is shown as figure 2.

Operational requirements of the VCD module are divided into
five categories:

A. Waste Water Storage. The module must have the capacity
to receive and contain pre-treated waste waters when
(and as) delivered by various waste collection devices.
Additionally, an analog signal must be generated in
proportion to the quantity of fluid present in the waste
tanks. Waste waters enter the subsystem at WM3-W1l and
flows to the waste tank, C/N 561, which is pressurized
by gas via interface port WM3-Gl. The volumetric con-
tents of the tank are measured by quantity gage C/N 576.

B. TWater Distillation. A distillation unit and all of the
related equipment necessary for its operation must be
included. The water production rate must be controll-
able to meet the crew water use rate throughout the
mission duration, and a method for convenient solids
disposition is necessary.

C. Distillate Post-Treatment. A series of chemical and
mechanical treatment cells must be placed in the dis--
tillate line to insure that the product water is pot- -. -
able by established standards, and that it is sterile.

D. Automatic Operation. Control of the processor module
must be automatic irrespective of the water demand or
waste production rates throughout the defined range of
those rates -and throughout the anticipated ranges of --
ambient temperature and solids concentration.

E. Packaging and the Modular Concept. System guidlines
place a strong emphasis upon 1n-flight maintainability
requiring that (1) instrumentation be included for
fault detection and isolation (in addition to, or 1in
consort with the minimum instrumentation necessary for
automatic control), (2) failures must remain unattended
over an eight-hour period without generating a hazard
to the crew members or restricting mission objectives,
and (3) maintenance operations must be performed qu1ck-
ly and ea511y .-

Maintainability is a primary design requirement because the
SSP is one of the first long-term life-support systems; the prob-
ability of chance failures over the mission duration is orders
of magnitude greater than that for current systems, and for some

expernrdables  the design -useful-dife is shorter than-the-mission -+

duration. Further, less crewman time is allocated to maintaining
the machinery. As is the evolutionary trend with all machinery
the SSP life-support system is designed to be less demanding of
the people it serves. To that end any failed part may be replaced

2-3
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in flight by replacing the entire component containing the part.
Every replacement operation requires only one or two standardized
" tools and may be performed rapidly without removing any other com-
ponent. More importantly each of the systems, and in many cases
sub-sections of those systems, are packaged into modules which

can be replaced in flight using the same standard tools. This
modular design permits renewing any portion of a system or an en-
tire system for any reason from a performance deficiency to obsol-

escence.

2.3 Component Design Requirements

The design requirements of each component are described by the
Mini-Spec for each component and included in Appendix A.



SECTION 3

COMPONENT DESCRIPTION

Included in this section are narrative descriptions of the
key components and component assemblies comprising the VCD Module.
All of these items were designed and fabricated by CHEMTRIC - ex-
cept the Controller (C/N 573), which Hamilton Standard developed
for the VCD Module. Hamilton Standard also furnished the main-
tainable isolation valves and all of the transducers.

Greater-detail descriptions of the component design require-
ments, assembly procedures and test procedures and results are
included in the appendixes of this report.

The assembly drawing identified for each of the components,
and the associated parts list, is on microfilm file at NASA.

3.1 Activated Charcoal Filter (C/N 525)

The Activated Charcoal Filter 1is one of three post-treatment
cells, all of which are passive cells requiring no external. ex--
citation or control. In VCD's 1, 2 & 3 raw distillate, as gener-
..ated by. the distillatian units, is delivered to this. component.
for the first water polishing operation, namely the removal of
any bacteria which might have entered the water stream and the
removal of trace organic contaminants which are co-distilled with .
water. Similarly this component is applied in the humidity con-
densate stream to remove organic contaminants as dellvered by the
ARS. -

The component is an assembly of two separate canisters. In
the first canister is iocated a biological filter (0.12 microns
nominal, 0.35 microns absolute) and a bed of the biocide silver
chloride. - In the presence of silver chloride bacteria retained by
the filter barrier are killed and the possibility of biological
growth is eliminated in the first step of water treatment.

In the second canister is packed a bed of activated charcoal
to adsorb organic constituents. The quantity of charcoal required
is calculated from the required organic-contaminant removal rate
and the loading capacity of the prepared charcoal.. Applying.
Chemical Oxygen Demand (COD) as the measure of organic-contamina-
tion, it was determined, under contract NAS9-9191, that a COD
reduction of 100 ppm is the maximum loading that will ever be
applied to the charcoal by the distillate stream. McDonald
Douglas reported that humidity condensate during their 60-day
.«manned..simulator -test .required up:-to 200 ppm COD reduction; .that.

. removal rate was taken as the SSP humidity condensate COD removal
Tate.



During the NAS9-9191 program the weight-loading ratio of
prepared charcoal* was measured and improved until a ratio of
0.097 parts COD per part charcoal was achieved. Applying the
nominal water flow rates of the distillate and humidity conden-
sate streams , as shown on figure 1) the charcoal requirements
are:

For the Distillate
-6

100 x 10 gCOD/gHZO x 14,510 gHZQ/day

"

33.4 cc/day
(2.04 in /day)

0.097 gCOD/gAC x 0.448 gAC/ccAC

For the Humidity Condensate

200 x 10-6 gCOD/gH,0 x 18,870 gHéO/day

86.9 cc/day
(5.31 in”“/day)

0.097 gCOD/gAC x 0.448 gAC/ccAC
for a charcoal density of 0.448 g/cc (28 1b/ft3).

During the design phase it was decided to make a common act-
ivated charcoal canister sized to meet the largest total COD
loading., The component therefore was sized to meet the loading
imposed by the humidity condensate stream (i.e., 86:9 cc/day).

The presence of a biological filter packed with AgCl up-
stream of a charcoal bed prevents microbial proliferation on the
adsorbed organic materials. Tests performed under NAS9-9191 have
.shown that this configuration will remain effective over a period
of 30 days or longer. The design useful life of this expendable
component therefore is 30 days, and the required volume 1is:

86.9 cc/day x 30 days = 2,607 cc (159 in3)
In good contacting bed design the length/diameter ratio is be-
tween 4/1 and 6/1. Available standard tubing was used to estab-
lish the bed dimensions:
diameter: 8.56 cm (3.37 in.)
length: 45.72 cm (18.00 in.)
volume: 2630 cc (160 in3)

L/D: 5.3/1

*Charcoal preparation procedure explained in assembly Spec
~3098-AS-2500, Appendix B this report.

3.2




Assembly drawing No. 3098-D-2500 shows this component configura-
tion. The design requirements are shown by the component Mini
Spec No. 3098-MS-2500, in Appendix A. The assembly procedure is
described by Assembly Spec No. 3098-AS-2500, Appendix B, and the
component test requirements and results are shown by 3098-TR-2500,
Appendix C.

3.2 Deionizer (C/N 533)

The deionizer is the final cell in the sequence of potable
water post-treatment; it is located in the galley, very near the
water-use port (it is not packaged into the VCD module). Silver
ions in concentrations between 1.0 and 1.4 ppm are present in the
clean water tankage to maintain sterility. Additionally, trace
quantities of various other ionic species are present. The water
for crew ingestion and for experiments must be reduced in silver-
ion concentration to 100.ppb. The loading imposed by the trace
metals, determined by electrical conductivity measurements made
during contract No. NAS9-9191, is equivalent to the loading im-
posed by removing 25 ppm NaCl.

A redundant AgCl-packed biological filter identical to that
applied to protect the ACF (525), is placed upstream of the
deionizer to assure sterility of the entering stream; so protect-
ed the demonstrated useful 1ife of a deionizer column is greater
than 30 days.

Selecting that period as the expendable life period for this
component and by adding the nominal daily potable water use rate
(15.51 Kg, or 34.2 1b) and experiment water requirement (2.27 Kg
or 5.0 1b) the total ionic material to be removed is:

6

25 x 107" NaC1/gH,0 x 17,780 gH,0/day x 30 days = 13.33 gNaCl

(0.0294 1b NaCl)

That salt guantity may be converted to 228 milliequivalents of

Na+ and C1 ions. The loading capacity of each of the two re-
quired resin types (cationic = Amberlite IR-120, anionic =
Amberlite IR-45) is 2.0 milliequivalents/ml of resin. The ionic
load requires 114 ml of each resin type; de-rating the resin
capacity -for nonequilibrium conditions typical of columnar oper- -
ation results ig.228 ml of each .type resin for a total volume of
456 ml (27.8 1n”) Each resin type is packed in a separate layer
within a cylindrical housing. The cylinder dimensions are:

diameter = 5.08 cm (2.00.in.)
length = 25.40 cm (10.00 in.)
L/D = 5/1



Assembly drawing No. 3098-D-3300 shows the deionizer component
configuration. The design requirements are detailed by Mini-
Spec 3098-MS-3300, included in Appendix A of this report.

The assembly procedure is described by Assembly Spec.

No. 3098-AS5-3300 included in Appendix B. The component test
requirements and results are shown by No. 3098-TR-3300, Appendix C.

3.3 Purge Pump (C/N 544)

The partial pressure of non-condensible gases in the
distillation unit must be maintained at a level lower than 2 mm
Hg (0.08 in. Hg) to avoid excessive power consumption by the vapor
compressor within the distillation unit. Non-condensibles enter
the distillation unit evaporator as dissolved gases in the waste
waters. In-leakage of cabin gas and off gassing of distillation
unit materials contribute insignificantly to the purging require-
ment. In order to avoid the potential spacecraft optical-surfaces
contamination associated with purging those gases to space vacuum,
and to retain the water vapor which unavoidably is extracted with
the unwanted gases, the SSP was designed with a self-contained
vacuum pump. Output from the pump is delivered to the ARS - and
water therein condensed from that stream is returned to the water
loop.

The composition and quantity of non-condensible gases
stripped from waste water containing urine is strongly a function
of diet. To date that gas analysis has not been considered com-
plete, nor is the SSP diet controllable enough to be the criteria
applied to size the purge pump. Instead a pump was selected which
has a displacement rate near that of a laboratory vacuum pump
which has adequately purged the still during previous testing.

The selected pump is a two-stage, piston, dry-vacuum pump which

is operational as a wave guide evacuation pump on the B-52 bomber.
It is driven by a 3-phase 400 Hz motor. For the SSP application
the pump is contained within an acoustically insulated chamber.

Assembly drawing No. 3098-D-4400 shows the purge pump
component configuration, and the design requirements are detailed
in Mini-Spec No. 3098-MS-4400 included in Appendix A. Acceptance

‘test requirements and results are shown by the "Test Requirements'

document No. 3098-TR-4400, Appendix C.

3.4 Liquid Pumps (C/N 548)

*“Threé‘liduid'streams cross the distillation unit boundary
and interface with the remainder of the distillation module -
namely, (1) waste liquid entering the evaporator, (2) waste

3-4



liquid leaving the evaporator, and (3) distilled water leaving
the condenser. Reference to those streams hereafter will be by
the designations feed, recycle and condensate, respectively.

The feed and recycle streams are, in fact, portions of a -
recirculating waste-liquid loop which connects the recycle tank
and the evaporator. Water is extracted from that loop as it
passes through the evaporator - and the extracted water becomes
the condensate stream. The volume of water separated from the
loop is replaced by a like volume of waste liquid delivered by
the waste tank which pressurizes the portion of the waste loop
which lies outside the evaporator. -

The feed pump must operate with a negative head rise -
from the pressurized loop to the evacuated evaporator; it is
more descriptively called a metering device than a pump. The
recycle pump must operate across that same pressure profile,
but with a positive head rise. Further, to prevent potential
overfilling of the evaporator the recycle pump must have at
least the same flow capacity as the feed pump. In practice the
recycle flow rate is less than the feed rate, which places the
requirement upon the recycle pump that it be able to pump a
two-phase stream; it must accept all of the waste liquid remain-
ing from the feed stream after evaporation, and some vapor with-
out becoming vapor bound. Similarly, the condensate pump must be
designed with enough capac1ty to remove all the condensate when
the water production rate 1is high, and without cav1tat1ng when
that rate is low.

Fail-safe operation is achieved by synchronizing all pumps
to a single shaft driven by a single source (motor). So driven,
should any pump stop operating the other two will also stop.

These requirements are met by a peristaltic pump assembly
with three parallel stages - all driven by a single 400 Hgz,
3-phase motor through a planetary gear box. The recycle and
condensate streams are delivered by pumps contained within the
same housing. In those stages three compression rollers are
rotated along the peristaltic tubing circumference, along with
three reforming rollers located between the compression rollers.
The reforming rollers apply a lateral force to the tubing to
-aid its return to its .original circular shape between compres-
sions. That reforming force is applied to the recycle and
condensate tubing because the inlet pressure to those pumps 1s
approximately 14 psi lower than sea level ambient; that external-
ly-applied load and the eventual loss of compression-set resis-
tance through fatigue causes the tubing to collapse at the inlet
with a resulting loss in pumping capacity.
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The feed pump is a commercially-available, three-roller
peristaltic pump. Reform rollers are unnecessary for the feed
pump because the inlet pressure is greater than ambient pressure.
The inlet pressure is sufficient to force the tubing to a circu-
lar cross section between every compression.

Stable operation of the distillation process can be achieved
when the feed flow rate is greater than five times the evapora-
tion rate - as determined during the distillation unit develop-
ment program under NASA Contract No. NAS9-9191. At the maximum
water productlon rate the minimum feed flow must be 150 ml/min
(9.15 in.3/min) for the SSP-sized distillation process; the
maximum feed rate was set 20 percent higher at 180 ml/min
(11 in. 3/m1n) Recycle pump capacity therefore, must be 180
ml/min minimum; it was set at 200 ml/min * 20% (12.2 in.3/min
* 10%). Condensate pump capgcity need be no greater than approx-
imately 30 ml/min (1.83 in. “/min), but was set equal to recycle
pump capacity. Justification for that simplifying decision lies
in the experience with previous pump pairs where the excess
condensate pump capacity was not detrimental to tubing life.

The entire assembly is replaceable as a single component.
Maintenance disconnect valves are fitted at each of the six
interfaces with the module piping, and captive fasteners
attached to the base panel are applied to hold the component in
place.

The liquid pump assembly is shown by drawing No. 3093-R-
4800 and the design Tequirements presented by Mini Spec No.
3098-MS-4800, in Appendix A. Test requirements and results are
shown by No. 3098-TR-4800 in Appendix C.

3.5 Waste Tank Assembly (C/N 561 § 576)

A variable volume waste tank is necessary to accommodate
both intermittent high flow rate inputs and less intermittent
lower flow rate processing of that waste by the distillation
module., For positive liquid-surface definition in null-gravity
a bladder-sealed piston tank design, with regulated gas pressure
on the opposing side of the piston, was selected (fig. 3). The
piston seal is formed by a rolling diaphragm which is a positive
seal. Motion of a rolling diaphragm occurs without any difference
between the standing and the dynamic coefficient of friction, thus
it is free of sticking. That is particularly important when
liquid is being expelled from the tank to the distillation proces-
sor. Additionally, the rolling diaphragm is insensitive to parti-
culates which might be delivered with the waste liquid.
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The piston is driven by changing liquid quantity; the
piston location therefore is an accurate indication of the amount
of waste present and to be processed. A quantity signal is deter-
mined from piston location by a system of cables, pulleys and
electrical rotary resistors (pots). That signal is read by the
controller to initiate distillation when sufficient waste quantity
is present to sustain a run of at least 3 hour's duration - and
to stop the process when the tank is nearly empty.

Maximum holding volume of the waste tank is that volume which
1t must retain in the event that the start quantity is present
when a failure occurs, and waste 1s delivered to the tank over
the following 8-hour period which might be necessary before main-
tenance time becomes available.

Further discussion of the tank configuration is included in
Section 5 of this report where the explanatlon of a de51gn problem
and its solution is presented.

The waste tank is shown graphically by assembly drawings
No. 3098-R-6140, and 3098-D-7600, and the requirements delineated
by Mini-Specs No's 3098-MS-6100 and 3098-MS-7600 in Appendix A.
The assembly procedure 1s outlined in assembly spec No. 3098-AS-
6100. Test- requirements and results are described in Section 5-
and, in more practical terms by No. 3098-TR-6100.

3.6 Recycle Tank (C/N 562)

The-recycle tank :is a fixed-volume extension of the distilla-
tion unit evaporator. . Waste liquid is circulated between the tank
and the evaporator so that water can be boiled from that stream in
the evaporator, and the residue carried back to the recycle tank
rather than allowed to accumulate within the boiler. As water is
removed from the stream a like volume of waste liquid is added to
the stream from the pressurized waste-holding tank. -Thus the
solids contained in the waste accumulate in the loop. More than
99 percent of that loop is contained within the recycle tank,
and solids disposition is effected by replacing the tank when the
solids concentration 1is near the limit of economical or practical
distillation. By previous testing the terminal concentration was

set at 50 percent -(specific gravity of the solution-= }:3). By =--

the SSP design requirements the tank must have the capacity to
contain the solids generated in 180 man-days of use, and by the
SSP design specification the solids generation rate is 66.6g/man-
day (0.147 1b/man-day) in the urine loop. Therefore, the required
volume 1is:

(66.6g solid/m-d + 66.6 g HZO/m-d)x18O m-d 3
= 18.5 1 (1130in°)

1,000 g/liter x 1.3




As the loop is operated the solids concentration increases and
some precipitate out of solution. The tank is a convenient
location to place a particulate filter in the recirculating
loop. Located at the tank outlet port the filter will preclude
large particles from entering the evaporator, and retain- them

in the tank for disposition with the concgntrated solution. A
25-micron filter occupying 855 cm? (51 in”) provided adequate
protection of the NAS9-9191 evaporator. The pressure loss
across the filter was not excessive after 120 man-days of solids
accumulation and at a concentration approaching 56 percent. Two
such filters, occupying 1,670 cm” (102 in3), were designed into
the SSP recycle tank.

A cylindrical tank with hemispherical ends was designed to
contain the sum of the required liquid and filter volumes.
Maintenance disconnect valves and convenient handles were fitted
to the tank making periodic solids disposition a clean and easy
task. ' '

Assembly drawing No. 3098-R-6200 shows the recycle tank
assembly, and the design requirements are established by the
component Mini-Spec No. 3098-MS-6200, which is included in
Appendix A. The test requirements and results are presented
. by .document No.. 3098-TR-6200, in Appendix C. -

3.7 * Controller (C/N 573)

This component provides the electrical control and inter-
--face- function. required for .automatic operation of the module and .
data acquisition/fault detection by the onboard computer. The
controller is an assembly of solid-state signal conditioners,
control logic and power switching electronics integrally pack-
aged within one case. All interface connections are made through
electrical connectors and mechanical latches so that the component
is readily replaceable.

Operational sequencing shown in a simplified form by the
Block Logic Diagram (fig. 4 next page) is as follows:

Standby Mode: With power supplied to the module, and waste
-tank quantity- less  than 3.6 kg (8.0 1b), no electrical load is
powered - but controller is ready to enter Start Mode.

Start Mode: When the waste tank quantity exceeds 3.6 kg
the controller enters the Start Mode. The purge pump is turned
on and the controller is ready to enter the Run Mode.

Run Mode: When the condenser pressure is lower than 40
mmHga the controller enters the Run Mode. The purge pump is
powered, the liquid pump and the still motor are turned on, the
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diverter valve is driven to the non-divert position to deliver
water to the post-treatment cells and the shut off valve is
driven to the open position. The controller is ready to enter
the Shut-Down Mode. Also, the controller will drive the di-
verter valve back to the reprocess position should the electrical
conductivity of the water produced be measured at greater than

50 micromhos per centimeter.

Shut-Down Mode: When the waste tank quantity decreases to
0.36 kg (0.8 1b), or the High Liquid Level Switch becomes closed
or the compressor head rise exceeds 15 mmHg after a 30-second
period after start of the Run Mode, the controller will enter the
Shut-Down Mode. The purge pump, still motor and liquid pumps are
powered as during the Run Mode, but the shut-off valve is driven
to "close" and the diverter valve is driven to the '"reprocess'"
position (to flush the evaporator with clean water). The control-
ler is ready to enter the Standby Mode.

Standby Mode: When the compressor head rise exceeds 15 mm
Hg, or when the condenser pressure exceeds 40 mmHga, or when a
one-hour time period has elapsed the controller will enter the
Standby Mode. The purge pump, still motor and liquid pumps are
turned off, and the controller is ready to enter the Start-Up
Mode. : : oo X

Additionally a Manual Shut-Down Override Switch will place
the controller in the Shut-Down Mode, irrespective of waste tank
quantity, and retain that mode until the switch is turned off.

"~~~ Power ‘supplied ‘to the controller is 115-Volt, 400-He, 3--
phase with 0.5 kw capacity.

The complete schematic diagram is identified as Hamilton
Standard Drawing No. SVSK 86607. The wiring diagrams showing
the connections made internal to CHEMTRIC-produced components
are shown by Drawing No. 3098-B-7301.

3.8 Distillation Unit Assembly (C/N 591, 539 § 571)

The distillation unit, component No. 591, is the operating

- component around which the VCD Module is designed. - Performance - -
requirements and criteria of all other components are established
to meet the characteristics of the distillation unit. The basic
design 1is essentially that developed under contract NAS9-9191;
following is a brief description of that unit with emphasis
placed upon the design changes made for the SSP application. In
‘configuration, 'shown schematically on the figure on the next page,
the still can be described as a stationary evacuated chamber
inside of which is mounted two dynamic parts. They are (1) a
centrifuge to effect phase-separation between the liquid and the
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gases, and (2) a compressor. The centrifuge is an assembly of
two cylinders, an inner cylinder containing a film of evaporat-
ing waste liquid, and an outer cylinder which is located to
collect droplets of water condensed on the outer surface of.

the inner cylinder. The compressor is located to draw vapor:
liberated by evaporation, elevate the temperature and pressure

of the vapor, and deliver it to the condenser. Waste liquid is
uniformly delivered to the rotating inner surface by a stationary
circular manifold at one end of the cylinder. Only a fraction

of the waste liquid is evaporated as it traverses the rotating
cylinder; that which remains, together with the solids which

were dissolved in the evaporated water, is centrifuged into an
annular sump at the opposite end. An impact tube extending into
the sump is located facing the rotating liquid. The kinetic
energy of the liquid is converted to static pressure sufficiently
high to drive the liquid to a pump inlet without flashing.
Similarly the water condensed on the opposite side of the inner
surface is collected in a rotating annular sump, driven against
an impact tube and ducted to a pump inlet. '

Liquid levels within the cylinders are automatically main-
tained at desired levels by (1) a dam at the exit end of the
evaporator, (2) excess flow capacity in the recycle pump, so
that all the feed liquid remaining after evaporation will be
removed, and (3) excess capacity in the condensate pump to pre-
vent water accumulation under conditions of maximum production
rate. For safety considerations a high-level sensing impact
" tube is located in the evaporator. Should the quantity of waste
contained within the still become high and the liquid reach the
second impact tube, the static pressure so generated will close
the contacts of a delta-pressure switch connected between that
second tube and the evaporation chamber. The delta-pressure
switch is designated component No. 571. Additional document-
ation including a description of the liquid switch is listed
at the end of this assembly description.

The compressor is a two-rotor, rotary-lobe machine driven
by an electric motor, component No. 539, at approximately 3600
rpm. For easy accessibility the motor is located external to
the evacuated chamber. A syncronous magnetic coupling is applied
to transfer the motor torque across the chamber boundry to the

~tompressor imput shaft without the need for dynamic sealing of -

a shaft. The centrifuge is driven by the compressor shaft
through a system of belts and pulleys. At the compressor inlet
a rotating demister is located to exclude any aerosol from the
vapor stream. The demister is driven by the centrifuge at
centrifuge speed and is shaped to throw any liquid separated
from the gas stream outward to the film of waste liquid.

Non-condensible gases separated from the entering waste
are carried with the water vapor through the compressor and
through the condenser, then removed by a purge pump connected

3-13
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to a port at the end of the vapor path. That long path is
advantageous because it precludes standing pockets of non-con-
densibles through the vapor/liquid path.

A speed-sensitive transducer 1is "'located to detect rotation
of the centrifuge. At that location, the last element driven
by the motor, should any drive element fail the failure will
be detectable.

A thermocouple is ‘located in the evaporator near the demis-
ter inlet. Evaporator temperature is useful information for
determining solids concentration through boiling point elevation
information and for math-modeling the distillation process,
particularly durlng high-solids, high boiling-point-elevation
operation, but it is not a part of either the automatic control
or fault detection functions. -

Assembly drawing No. 3098-R-9100 shows this distillation
unit configuration in detail. The design requirements are
delineated by the component Mini-Spec No. 3098-MS-9100, in
Appendix A, and the assembly procedure described by assembly
Spec No. 3098-DS-9100, Appendix B. Distillation unit test re-
quirements and results are shown by document No. 3098-TR-9100,
Appendix C.

Assembly drawing No. 3098-C-3900 shows the motor assembly,
and the design requirements for that assembly are presented by
Mini-Spec No. 3098-MS-3900, in Appendix A.

Assembly drawing No. 3098-C-7100 shows the Liquid Level
Switch assembly, as configured to meet the design requ1rements
shown by Mini-Spec No. 3098-MS-7100, in Appendix A.

Component testing of both the motor and switch was per-

formed together with the distillation unit; the procedure and
results are included in 3098-TR-9100, Appendix C.

3.9 Silver-Ion Sterilizer (C/N 597)

The silver-ion sterilizer is a passive contacting bed of

" AgCl granules dispersed with ‘inert glass beads. A diameter

ratio of 1.25 to 1 between the glass and halide particles (the

~glass is 0.05 cm diameter, the AgCl is 0.04 cm average diameter)
is applied to maximize exposed surface area of the silver granules
available for water contact. With a bed of that composition

water passing through it at any superficial velocity lower than
240 mm/min (9.4. in/min) will become saturated with AgCl. The
solubility of AgCl in pure water is dependent only upon tempera-
ture, and within the de51gn temperature limits of 15.6°C (60°F)
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to 26.7°C (80°F), the silver concentration will range from 1.0
to 1.4 ppm. Extensive testing has shown that in that range of
concentration sterility is maintained indefinitely.

Sizing of the SSP Silver-Ion Sterilizer was accomplished
by making it equal to a -sterilizer built under contract No.
NAS9-5119, which was proven both effective and adequately
sized throughout 180 days of use. The bed dimensions are:

diameter = 3.81 cm (1.50 in.)
length = 19.05 cm (7.50 in.)
L/D = 5/1

Assembly drawing No-. 3098-D-9700 shows the sterilizer component
configuration. Design requirements are presented by the compon-
ent Mini-Spec No. 3098-MS-9700 in Appendix A. The chemical pre-
paration and component assembly procedures are explained in
Assembly Spec No. 3098-AS-9700 in Appendix B.  The component test
requirements and results . are shown by 3098-TR-9700 in Appendix C.



SECTION 4

MODULE DESCRIPTION

The arrangement of components as shown by the schematic
diagram, figure.Z, was devised to meet the VCD design require-
ments described in Section 2. Only minor modifications to that
"arrangement would be recommended for an operational flight system;
they are explained in Section 8 of this report.

The assembly of components is shown by figures 6 § 7 which
are photographs of the aisle and bulkhead sides of the module.
Both sides and both ends are accessible in the planned vehicle
layout. The upper half of the module, containing the distillation
unit, is thermally insulated, but the photographs show the
assembly with aisle-side and bulkhead-side panels removed.

Insulation is applied to the compartment not to reduce heat
loss; that rate will always match the input energy. -‘Rather, it
is applied to increase the outer-surface temperature of the still
from which the low heat flux can be rejected to the amblent - and
thereby elevate the condenser temperature.by 5 to 6°C (10°F). At
that condition the evaporator temperature, which is 3 to 5 C cooler

than the condenser, is always as warm or warmer than ambient. Feed

liquid temperature, upon entering the evaporator, is at ambient
temperature - established by the recycle tank temperature. The
liquor does not violently flash and induce carry-over of a waste-
liquid mist, as would occur if the liquid entered at a higher
sensible temperature than that existing within the evaporator.

A hybrid philosophy was applied to the module packaging
design. For those components contained within the frame envelope
maintenance valves are located at the interface of each component
with the system piping. The SSP maintenance concept is fully"
applied to that portion of the module - which would be -a‘complete.
distillation processor module. The waste tank, post-treatment
cells and electronic controller are located outside the frame
envelope. Those components would likely be packaged into other
modules in a 6-man or 12-man system. They were added to the.z: -
exterior of the 3-man processor module without full weightless
state maintainability for economic considerations, and because
the concept will be fully evaluated by the processor components.
The maintainable interfaces for the post-treatment cells and the
gas side of the waste tank are formed by 0O-ring sealed unions,
which will suffice for the gravity environment in which the SSP
will be tested. A maintenance valve is located at the waste
side of the tank to avoid,spilling waste liquid during tank
changes.

All of the interfaces, both mechanical and electrical are
located on the surface facing the bulkhead. From that surface
there 1s access to many small components; instruments and valves
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are accessible for maintenance or manipulation from the relative-
ly small space between the module and the vehicle wall. Larger
components (i.e., distillation unit and recycle tank) are access-
ible from the aisle side.



SECTION §

COMPONENT CHECK-OUT, CALIBRATION, AND MODIFICATIONS

Check-out testing was performed on the assembled components
individually and in accordance with the Test Requirements docu-
ment written for each of the components (Appendix C). Included
in those documents is (1) a description of the tests to be per-
formed, (2) the test procedure and set-up required, (3) the
log sheet, upon which is entered the acceptable range of test
parameters, and (4) the measured test results.

§.1 Test Results

The most significant performance parameters measured during
check-out calibration of each component are listed below,
together with the predicted level of those critical parameters.

Liquid - Pump
(C/N 548)

recycle pump
flow rate
with inlet

@ saturation

150 cc/min
minimum

Component Parameter Predicted Measured
Activated Charcoal pressure 0.16 psid max 0.15 psid
Filter (C/N 525) drop @ S 1b/hr @ 5 1lb/hr

..Deionizer 2. prESsure 0.2 psid max - 0.12 psid
(C/N 533) drop @ S 1b/hr @ S 1b/hr
Purge Pump ultimate 30 mmHga - 26 mmHga
(C/N 544). pressure maximum '

175 cc/min
(peristaltic
modification)

pressure
condensate 35 cc/min 175 cc/min
pump flow rate minimum (peristaltic
with inlet modification)
@ saturation
pressure
feed pump . 150 cc/min 135 cc/min
flow rate maximum (peristaltic
@ 20 psi modification)
negative
headrise

Waste -Tank & gage calibra- 8 ohms 1.2 -ohms

Quantity Gage tion @ zeroO maximum

(C/N 561 § 576)

5-1
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Component

Recycle Tank
(C/N 562)

Distillation Unit
Assembly
-(C/N 591, 539 § 571)

Silver-lon
Sterilizer
(C/N 597)

Parameter

gage calibra-

tion @ 3.6
liters

expelled
quantity

pressure drop
at 15 1b/hr

water
production
rate

compressor
delta P

specific
resistance
of product
water

evaporator

‘level switch

speed pick-up
(centrifuge)

Ag+ conc,

© Ln @ p=d

Predicted

18.2 liters
minimum

.29 1/hr
Pc=28 mmHga
zero solids

mmHg
zeTo solids

.0 x 104 /cm

[\

. minimum,

w/feed 2 x 102
L/cm

1) close feed
valve when
qty=2 liters

2) automatic
restart

280 rpm

* 5%

1.0 to 1.2 ppm

Measured

320-325
ohms

18.4 liters
(modified
tank)

0.56 mmHg
+31 1/hr.

Pc=28 mmHga*
zero solids

.5 mmHg
zero solids

o N o0 =

16.5 x 104Jq/cm
(feed = 2
1.38 x 10° ./ i/cm

clsoed
@ .
qty = 1.56 1
restarted
@ 10 min.

283 rpm

1.18 ppm

Most of the measured parameters were within the required
ranges - as can be seen on the preceeding pages, and by analyz-

ing the contents of Appendix C.

The remainder of this section

- will -explain- the two -failures encountered during - component test- -

ing and described the corrective actions

components.

*pc = 28.mmHga

C H E
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5.2 Component Deficiencies

5.2.1 Liquid Pumps

It is necessary to.pass three liquid lines across
the distillation unit interface. The three lines are (1) waste
liquid entering the evaporator (feed liquid), (2) waste liquor
leaving the evaporator (recycle liquor), and (3) product water
leaving the condenser (condensate).

The feed and recycle streams are parts of the same
"recycle'" loop passing through the recycle tank, which is pres-
surized to 5 psig, and the evaporator which is evacuated to sat-
uration pressure at evaporator temperature (approximately 1/2
psia). The feed-liquid pump therefore must control flow pass-
ing to a lower pressure, and the recycle pump must draw liquid
which is very near saturation pressure of flashing pressure.
Similarly the condensate pump must draw distilled water which
is only very slightly cooled.

The feed pump operated satisfactorily; a constant-
flow regulator performed the feed-flow control function because
the existing pressure difference, 19 psid maximum, was- in the
direction of flow. The gear pump was necessary, however, to
overcome a psid back pressure relief valve placed downstream of
the flow regulator. The relief valve closes to prevent evaporator
flooding from the pressurized recycle loop whenever the distilla-
tion process is turned off.

Unacceptable performance of both the recycle and
condensate pumps was encountered after less than one hour oper-
ating .time. The test was run with the simulated distillation unit
evacuated to 'saturation pressure and elevated 7 inches :ito repro=--
duce the velocity pressure applied to the impact tubes via the
centrifuge. There is an unavoidable back flow, or internal leak-
age within gear 'pumps from the higher pressure discharge side to
the inlet side. The friction between the leaking liquid and the
pump case is a source of heat, and the resultant temperature Tise
caused the already nearly saturated liquid to flash and vapor
lock the pump. Test results show that at inlet pressures below
75 mmHga, -l1iquid-phase -flow through the pumps stopped. -

An effort was made to decrease the back leakage by
precision-fitting special oversize gears to the pump housing -
which effectively lowered the pressure at which flashing occured
to the range of 33 to 50 mmHga. Gear-to-housing clearance Tre-
ductions in° ‘¥ncrements of ‘0.0001 inch were made until interfer-
ence friction generated more heat than that eliminated by reduc-
ing fluid-leakage friction. It was accepted, finally, that efforts
to improve the life to peristaltic pumps is a better solution



than adopting any other known pumping principle to the vacuum
distillation application.

An experimental peristaltic pump, which was built
earlier in the program to evaluate tubing materials and roller
geometry, was modified to become the SSP liquid pump. Modifica-
tions made include fitting a 400 Hz motor and a speed reducer,
adding a commercially-available third peristaltic pump to the
original two experimental pumps, and fitting the assembly with
maintenance disconnect valves to make it interchangeable, in
the VCD Module, with the gear pump assembly. The commercial
pump was applied as the feed-control pump, while the other two
streams which originate at near saturatioh pressure (recycle and
condensate) were delivered by the two stages of the -original
experimental pump. Performance of the peristaltic pump assembly
met all operational requirements; power consumption was. measured
- at 14 watts. All of the subsequent parametric testing, approx-
imately 100 hours running time, was performed with the peristaltic
pump as assembled with the original tubing and without a failure:
or measureable degradation in performance.

Early in the program life of the experimental pump

tublng was measured emperically at 520 hours of continuous oper-
ation, but ‘the target life was 720 hours (30 days). For long-
duration flights the tubing should operate for more than 2,000
hours,. and ideally it should run indefinitely. The mode of
tublng failures is by fatigue; longitudinal cracks originating at
the ID are propagated radially outward. Various tubing shapes,
other than cylindrical with concentric ID & OD, were analyzed -
and simutaneously various formulations of cylindrical tubing
material were Tun at NASA Johnson Space Center under conditions
duplicating the recycle pump pressure profile flow rate and
temperature with actual recycle liquor passing through the tub-
ing. The best durability was measured for a Tygon formulation
(Norton Plastics and Synthetics Number R-3603) at over 2100 hours
with all performance parameters in the normal ranges. That test
was run with a two-roller pump. The life can be extended by
replacing the two rollers with a larger single roller; the number
of tubing compressions for the same flow rate and within the same
housing envelope will be reduced to less than half that applied
during the 2100-hours life test. The single roller will generate
--a higher volumetric efficiency-than two rollers, and be less:
abusive to the tubing, because it can be a larger diameter than
either of two rollers operating in the same housing. The sum-
mation of all these data and results is a peristaltic pump

design which will have.a useful life well in excess of 90 days.

5.2.2 Waste Tank

) Operation of the waste tank would have been normal
had it not been for the particular quantity gage configuration
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incorporated into the tank assembly. Basically the tank is a
familiar vessel design with a piston sealed by a rolling diaphragm.
Liquid is applied to the inside of the diaphragm convolution, with
gas pressure on the opposite surface. In this configuration the
diaphragm is always pressure-balanced, and the liquid quantity may
be increased or decreased causing the piston to move and exactly
accommodate the liquid volume.

The malfunction detected during check-out testing was
caused by the addition of two spring loads applied to the piston -
pulling it away from the liquid side. The loads are applied by
cables which are attached to the piston. The cables are wrapped
around spring loaded pulleys to which are connected rotary variable
resistors (pots). Liquid quantity thereby can be read as a value
of resistance. In addition to facilitating quantity measurements
the spring/cable mechanism was to be -applied as a fault detection
device. Should a rupture of the diaphragm occur, the springs,
which were made larger than necessary for quantity measurement,
would withdraw the piston from the liquid at a fast rate. Those
spring loads distributed over the piston area result in gas pres-
sure exceeding liquid pressure by 0.2 psid and, for a homogenous
diaphragm, would not have caused buckling at the convolution.
Filling the liquid side with water was accomplished with no appar-
ent failure - even with intermittent liquid flow entering the tank.
On expulsion however, when gas pressure becomes the driving force,
the convolution was deformed and wedged between the piston and the
vessel wall. Smooth motion of the piston was impeded causing pro-
gressively greater deformation and eventual rupture of the
diaphragm.

_ : The selected corrective action was to apply the spring
loads in the opposite direction to (1) cause the liquid pressure
to exceed the gas pressure, and (2) in the event of a chance
diaphragm failure, to force the piston into the liquid space
rather than into the gas space. With liquid pressure greater than
gas pressure the convolution-is stressed in membrane tension,
thus precluding any buckling.. Unfortunately. that condition re-
quires a slight complication to the configuration, which is shown
in figure 3 in Section 3. The spring reel cables were lengthened
and their direction reversed by stationary pulleys attached to the
compression members which are rigid to the piston. The original-
plston stroke length was retained; thus, there was no sacrifice
in usable tank volume.-:-All check-out test parameters; including
quantity gage calibration, were met by the modified waste tank.



SECTION 6 ‘ h

VERIFICATION TESTING

After all of the components were assembled and individual
performance verification tests run they were assembled into the
Module. A series of performance-verification tests were run on
the Module in accordance with the VCD Assembly Test Requirements
(document No. 3098-TR-9800, in Appendix C).

All operating modes were successfully excercised over an
operating period of seventeen cumulative hours. The tests
included the following activities.

1. A complete-system leak check was made in four steps
utilizing both the vacuum-decay/pressure-decay and visual
techniques.

2. An operational checkout verification was made during
which the system was automatically started by the addition
of water to the waste tank, run to produce distillate, and
then put through a normal automatic shut- down by draining
the waste tank. The water process rate was within the de-
sign limits. .

3. Off-design operations were synthetically generated to
-verify that the off-design control functions built into the
module were both functional and effective in the applica-
tion of corrective measures. Off-design operational check-

out tests were made to verify the specific conditions.

A. High evaporator-liquid caused by interrupting the

recycle flow leaving the evaporator. 'The liquid level
switch (C/N 571) responded properly and the controller
(C/N 573) put the system into the shut-down mode.

B. A gas leak to the evacuated distillation unit was
simulated by opening a fitting. The condenser pressure
transducer (C/N 911) responded properly and the controller
put the system into the shut-down mode.

C. Poor distillate quality was simulated by introducing
- a laboratory-prepared salt solution of 40 micromho/cm- -
specific conductance to the distillate line. The con-
ductivity sensor (C/N 570) responded properly and the
controller drove the diverter valve to the reprocess
position. Subsequently the line was flushed with deion-
ized water, and the sensor and controller responded
properly, permitting the valve to be manually reset.



T

D. A manual shut-down cycle was completed by activat-
ing the emergency switch on the controller. The con-
troller maintained proper system configuration ir-
respective of waste tank quantity changes.

E. The maximum allowable dryout time was measured

at 60 minutes by adding water to the evaporator (to
prevent dryout) through a temporary tee in the feed
line. The design maximum time limit is 60 minutes.

In order to verify that no leak existed within the distill-
ation unit between the evaporator and the condenser (that part
or all of the flow rate measured as distillate was not simply
waste water leaking to the condenser) the tap water feed was
reglaced with a highly conductive salt (NaCl) solution (1.38 x
10¢ ohms-cm). The distillate produced from that liquor was
measured at 1.65 x 105 ohms-cm, indicating that no waste 1liquid
had reached the condenser.

Water loss rate with the purge gas was 12 ml/hr, which is
slightly less than the nominal loss rate of 13.6 ml/hr esta-
blished during the SSP analysis phase.-



SECTION 7

PARAMETRIC TESTING

Several series of detailed tests were conducted to
establish the interaction of some known and some suspected
phenomena-:upon performance parameters. All of the areas of
investigation were directly related to the performance of the
dynamic components. Consequently, the investigation could be
conducted with only the SSP distillation unit and liquid pumps
while all other components were laboratory-apparatus simulations
of the SSP counterparts. Parametric-investigations did not include
the SSP purge pump because (1) the simple purging function could
be duplicated by an equal-displacement laboratory pump, and (2)
any flight application of VCD would require a significantly dif-
ferent purge pump {(one that requires less power and generates less
noise). The need to provide a more suitable purge pump was recog-
nized long before parametric testing was initiated and efforts so
directed were in progress during the testing phase. A summary of
those efforts is presented in Section 8 of this report. Similarly,
it was neither necessary nor advantageous to operate the entire
loop to measure the performance parameters of interest, particular-
ly durlng tests 1ntent10na11y run outside nominal ranges. Each
series of tests is described in following paragraphs, together
with the results and conclusions reached.

7.1 Compressor - Discharge Superheat

In the vapor-compression cycle water vapor liberated by boil-
ing is drawn into the compressor where both temperature and pressure
of the gas is elevated. Ideally, that energy is transferred isen-
tropically between the evaporator and the condenser pressure line.
In the presence of friction, however, any departure from the ideal
steam discharge condition would be in the direction toward higher
superheated vapor.

The penalties of superheated vapor discharge are: (1) The
coefficient by which superheated vapor transfers heat to the con-
denser wall is orders of magnitude lower than that by which con-
densing vapors transfer heat; should superheated vapor be present
on the condensing side of the evaporator/condenser common wall,
that portion of the common wall with the very low-coefficient heat
transfer is masked from condensation and effectively from evapora-
tion also. (2) If the superheated vapor is allowed to contact the
portion of the evaporator/condenser common surface which is not
normally wetted by evaporating waste liquid the temperature at that:
location will exceed saturation temperature within the evaporator.
While that temperature gradient across the surface is not detri-
mental during steady-state operation in a null-gravity field,
earth-bound operation or upset forces such as docking forces in
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space could cause a movement of the film onto those warmer areas.
The evaporation from these warm spots might be more violent than
from the film, and could induce carryover of contaminants to the
condensor. The investigation of whether superheated vapor was
leaving the condenser was lucrative for both performance improve-
ment.and expendables reduction. . ,

Set-Up and Results

To set-up the test thermocouples were placed at the

compressor-discharge port and along the compressed vapor path
as shown in Figure 8. The distillation unit was operated with
tap water entering the evaporator and, subsequently, with concen-
trated urine (up to 59% solids) as the feed liquor. At the
compressor discharge vapor temperature rose steadily over a 4

to 6 hour period, then reached equilibrium at approximately

56°C (1000F) higher than saturation temperature. The maximum
heat.existing in that stream in excess of the saturation state
point level is:

M x Cp x AT, or

Q

Q

at the nominal water production rate of 1.36 Kg/hr (3 1b/hr).
That is a small quantity of heat (less than 5%) relative to the
quantity of latent heat, circulating between the condenser and
evaporator at that nominal condition.

33.4 Cal/hr (132 Btu/hr),

sConclusions . -

It was calculated that rejection of that small quantity of
heat could be readily accomplished passively - by passing the warm
stream along the inner surface of the outer shell. The heat
transfer coefficient achieved in that process could be set only
approximately, because the effect of turbulance induced by the
rotating centrifuge adjacent to the inner surface is not pre-
dictable. A sleeve was fitted to the centrifuge as shown in
Figure 8, to force the steam along the inner surface and into
contact with the condenser surface. Thermocouples placed
in the steam path along the inner surface were read to determine

- -the required path- length necessary to reject all of ‘the superheat
before entering the condenser. Data show that the effective
coefficient attained is sufficiently high to require only a very
short extension of the steam path as shown by Figure 8.

Finally, and to verify those results, another run was
made- after thermal insulation was added to the condenser side-
of the non-wetted surface area; Viton rubber sheet stock, cut-
and formed to fit the contour, was applied with silicone
adhesive to form the desired thermal barrier. Temperature
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measurements along the "desuperheater" surface verified that
saturation temperature was reached at the same plane, indicat-
ing that any heat extracted from the un-wetted areas (by boil-
ing of 1liquid existing at an un-wetted location) is either
immeasurably small or non-existant. A more quantitative
investigation of the necessity and/or effectiveness of the
thermal barrier requires both a highly detailed analysis of

the water generated with and without the barrier and/or photo-
graphs of that insulated surface during the distillation process.

7.2 Power-Loss Mapping

The most significant advantage of the vapor-compression
distillation cycle is that both the input power required and
the rate of heat energy rejected are very much lower than for
any other distillation technique. Ideally, the total input
energy is that necessary to elevate the enthalpy of the water
vapor liberated in the evaporator by only two or three BTUs
per pound of water recovered. The real compression process
requires more power than the ideal, but the actual power is so
low that a significant ‘departure from conventional machine design
practices 1s necessary.

- The successful design of a vapor compression distillation
unit is strongly related to the efficient transmission of very
small power loads through the dynamic parts. Further, the
coincident requirements for low power dissipation and long
machinery life are mutually antagonistic, and large comfortable
safety factors applied to such design decisions. as bearing
sizing and lubricant viscosity are intolerable. Aside from
the obvious power absorbers which are the result of errors
such as poor mechanical alignment or pre-loaded redundant bearings,
there are some subtle sources of excessive power absorption with-
in all dynamic machinery. In the distillation unit some of those
potential power sinks are:

1. A resonant vibration between the compressor
timing gears. The backlash (tooth-to-tooth
clearance) 1s very small, less than 0.05 mnm
(0.002 1in.); should a resonance occur, the
relative velocity of both rotating masses will

- - - -alternately -be accelerated and decelerated at - -
the resonant frequency through an excursion
equal to the tooth clearance. The likelihood
of vibrations occurring at the meshing of a
highly-loaded pair of gears is less than when
the transmitted load is light; for that reason,
the centrifuge-driving load was designed to
pass through the compressor timing gears, rather
than being taken directly off the input shaft.
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2. Flexural friction of the centrifuge-drive belts.
Any torsional vibration between the centrifuge
and the train of driving members will be damped
by the elastic belts forming the last member of
that train. Therefore, the acceleration/decelera-
tion of relatively large masses, as is the possi-
bility with the compressor, is not likely. Instead,
vibration of the belts during normal operation might
absorb power by internal heating of the belts and/or
by the application of larger-than-calculated average
radial loads on the pulley bearings.

3. Impact tube drag. Within the centrifuge, stationary
impact tubes (pitot tubes) are held partially sub-
merged in the rotating film of liquid to convert
velocity pressure into stagnation pressure. The
tube openings were designed to exhibit a low drag
coefficient to the centrifuge, but the depth of
their penetration into the liquid could not be pre-.
dicted; total drag force therefore, could not be
established analytically. The sensitivity of impact
tube drag upon power absorption lies in the fact
that drag force is applied at the centrifuge maximum
diameter - where the influence upon torque is greatest.

Parametric testing afforded an opportunity to make emperical
measurements of the power absorption of all dynamic members., in-
cluding those locations where no high dissipation rates were con-
sidered possible.

Test Set-Up and Results

Power measurements were made by measuring the electrical
input to the drive motor. Initially, the motor was run with
no load to establish that point on- the motor efficiency curve,
and to draw a baseline from which -delta powers could be measured.
Power measurement runs were made as each part was added to the
dynamic train so that each power increment was identifiable as
the product of the load imposed by the incremental assembly of
parts and the inefficiency of previous transmissions.

The test results are presented graphically as a power-1loss
map on the next page. It is significant to note that the no load
power 1s much higher than anticipated, which was caused by the
motor being of an unusual unbalanced 3-phase (scott-tee) stator
configuration, and being driven by a conventional (balanced)
3-phase power supply.
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Conclusions

With the exception of the centrifuge auxiliary shaft, the
level of power absorption at each dynamic interface was within
anticipated limits. As expected, the compressor bearings were
the highest power sink, and the zero-increment of power absorp-
tion measured for the centrifuge auxiliary shaft bearings indi-
cates that the power dissipation at that point is smaller than
the range of experimental accuracy. That zero absorption, it is
noted, should not apply when the auxiliary shaft is connected to
the centrifuge. .

The high compressor bearing load was anticipated because
(1) those bearings carry rotors driven at high speed (3600 RPM),
and (Z) more importantly, because the bearings were intentionally
made oversize to assure long mechanical life. The bearings
selections were made to be identical to those carrying the rotors
when operating under conditions requiring a 2 HP drive motor.
The significance of the compressor-bearing power-absorption
measurement lies in its usefulness when it becomes necessary
to design a minimum-power compressor. That load, minus the
lubricant viscous drag load, can be applied as a secondary
(or checking) method for calculating the actual radial load
applied through the bearings. The new bearings will be smaller
and selected to carry only that load throughout the desired
compressor life span. Power absorption will be lower with the
smaller bearings because the same radial load operating through
the same friction coefficient will be acting at a shorter lever
length. Thus, a lower resisting torque will be applied through
the shaft to the motor.

In a minimum-power redesign the entire power-absorption
penalty imposed by the magnetic coupling could be eliminated.
The driven magnet, located at an extension of one compressor
shaft (see figure 1) could be replaced by the motor rotor. The
outer magnet, which is presently motor-driven, could be replaced
by the motor stator. Thus, the present condition of passing a
rotating magnetic field though the thin non-magnetic sleeve would
remain, but with the elimination of two magnet-carrier bearings
and two motor shaft bearings. No sacrifice in maintainability
is made by this change because the wound stator is accessible for
replacement without '"opening' the still.

7.3 Urine Distillation and Water Calibration Tests

A series of tests were run to reproduce the spacecraft-
use operating profile over a ten-day period. The objective
“of the ‘test was to verify that performance parameters lie within
design limits .- including that the entire profile could be repeated
without a performance degradation and without maintenance, except
to periodically dispose of accumulated solids by replacing the



recycle tank. The series duration was extended to twelve days
to establish that repeatability by including calibration runs,
made with tap water feed, before and after ten-days exposure
to urine 1input. ' :

Test Set-Up and Results

The spare SSP distillation unit and liquid pump were
assembled into-the loop shown in figure 10. The loop was
operated at a 3-man rate of input and recovery, and the recycle
tank sized such that after thirty man-days of operation the
solids concentration would be in the range of 55 to 60%.

Instrumentation and measuring techniques were as tabula-
ted below:

PARAMETER _ INSTRUMENTATION _ DATA ACQUISITION
Motor Input Power Polyphase Wattmeter Direct Reading
Motor (and Compressor) Mechanical Tachometer Direct Reading
Speed
Centfifuge Speed Electronic-Pulse Oscilloscope

: Tachometer
Condehser ‘Pressure Absolute Manometer - Direct Reading
Compressor Head Rise - Differential Manométer Direct Reading
Ambient Temperature Thermometer Direct Reading

Demister Pressure Loss Differential Manometer Direct Reading

Liquor Feed Rate Rotameter Direct Reading.

Evaporator Temperature Thermocouple With Direct Reading
Analog Pyrometer .

Compressor Discharge Thermocouple With Direct Reading -

Temperature _ Analog Pyrometer

Test Duration Electric Clock Direct Reading

Waste Quantity See Below

Waste Specific Gravity See Below

Water Production Rate Graduated Cylinder ' Direct Reading
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_PARAMETER INSTRUMENTATION » DATA ACQUISITION

Liquor Solids 1. Hydrometer Read and Correlaté
Concentration 2., Sample Drying Oven Dry and Weigh
Water Analysis pH Meter Direct Reading
(as distilled and as : )
treated) Sp. Res. Bridge Direct Reading

NH3 Nesslerization Colormetric

COD Dichromate Oxidation Titrametric
Sterility Incubation Observation

Urine Collection, Storage G'Quantification

Human urine was donated as one-micturation lots by adoles-
cent children and adults, both male and female. No control or
intentional averaging was imposed upon the quantity collected;
instead, each micturation was placed into a 1-liter bottle
which had been predosed with 150 ml of the condensate collected
during the previous day, and 2.25 g of pretreat solution
(27% 1odophor,. 15% H,S04, and 6% antifoam by weight, blended with
52% water) to 51mu1a%e actual urine collection, urinal flushing
and pretreating. The contents of each bottle was weighed and
the liquid volume measured to obtain specific gravity. The
contents of 18 bottles were mixed together to made a day's feed
. batch. The specific gravity of the mixture was measured with.

. a hydrometer. - The mixture was stored at room temperature and
added to the recycle loop in- 1/2 liter batches, which is small
enough to make dilution of the solids concentratlon in the recycle
loop insignificant.

Water production rate during the tap-water calibration -
run was measured to be 1.68 kg/hr (3.70 1b/hr). That rate is
6 percent higher than the zero-solids-calibration production
rate measured on the same size VCD unit built under. contract
No. NAS9-9191. The slightly higher performance is the effect
of the slightly faster motor selected for the SSP dlstlllatlon
unit.

With pretreated urine and urinal flush water entering the
evaporator the production rate followed the previously determined
curve, showing a decreasing water production rate with increasing
solids concentration (figure 11 next page). The decreasing rate
is the predictable effect of -varying fluid properties. The solid
-.line- plotted- on’ figure-11- represents the m1n1mum acceptable pro-
duction rate as guaranteed by Mini-Spec No. 3098-MS-9100, in
Appendix A. -The dotted curve. is drawn through the maximum rates
measured during a 48-day test of the NAS9-9191 distillation unit.
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1

That maximum trace, rather than an ''average" performance curve,

is taken as.a comparison for the SSP because-the original data

was taken with feed rates which were shown to be too low. An
excessively steep solids concentration gradient was present across
that evaporator surface which caused an unnecessarily high boiling
point elevation to depress the vapor generation rate at the exit
end of the evaporator. It was learned late in that test that a
volumetric feed rate-to-recovery rate ratio of 5 to 1 during zero-
solids distillation would preclude a steep concentration gradient
during high-solids distillation. The feed rate was increased
incrementally during the NAS9-9191 test, and a performance im-
provement was experienced whenever the water production rate was
lower than that maximum curve shown on figure 11. It was concluded
that the maximum curve of production rate versus solids more accur-
ately represents the performance capacity, and that comparisons
should be made to that curve.

For the SSP the feed and recycle pumps were sized to pre-
clude the formation of steep concentration gradients across the
evaporator surface. The test results show that the previous
maximum performance curve could be called the average performance
curve for the SSP distillation unit, and that another higher
maximum curve .could be drawn to show the effect of high SSP
compressor- speed.- Considering the range of experimental error -
the dotted line on figure 11 could be called the nominal water
production rate. ‘ .

Of exceptional significance is the data point at 59.7 per-
cent total solids concentration, which corresponds to more than
- 98 percent water extractions from the waste liquid. Success-
ful operations at that concentration is verification that the
process can be-safely programmed to operate at up to 50 percent
concentration and include a margin for contingent operation.

After the 10-day urine test the recycle loop .(including the
evaporator) was flushed with tap water and the calibration test -
re-run. The initial water production rate was duplicated within
experimental accuracy. Thus no degradation in performance was
experienced and the urine exposure cycle could have been repeated -
and the results duplicated.

-Specific energy  is a.measure of the operating cost to produce
distillate in terms of watt-hours per kilogram of water produced.
Electrical power consumption of the SSP distillation unit, Figure
12, was higher than for the previous machine for three reasons;
rotational speed was increased, the torque was increased, and
the motor selected for SSP was less efficient. Several power
~-absorbing mechamical -loads were added in efforts to make  perform---
ance improvements. They include a rotating demister located with-:
in the centrifuge, an increased centrifuge speed, and two bearings
to locate the magnetic coupling. Additionally, the speed of the
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selected 400 Hz motor at rated load is slightly higher than

rated speed of the previous 60 Hz motor; thus, with a constant
torque load, mechanical power input increased linearly with speed.
The resulting increased compressor speed is advantageous because
any speed increase exceeding the slip speed (that speed necessary
to evercome compressor internal Jdeakage) is productive. None of
the other added loads were measurably advantageous because either
no significant performance improvement was realized or, in the
case of the coupling bearings, a configuration change could pro-
duce the same kinematic results without the power loss. A more
efficient motor with an externally mounted stator magnetically
coupled to the internal rotor, d¥iving a compressor at SSP-cem-
pressor speed and driving the centrifuge at NAS9-9191-centrifuge
speed and with a rotating demister operating without a bearing,
would display a specific energy requirement lower ‘than that shown
by figure 12.

- Water Quality ' - -

Chemical analysis of the water produced both before and
after post-treatment was made in the CHEMTRIC laboratories and
repeated on samples forwarded to NASA. 1In most instances where
CHEMTRIC and NASA ran duplicate tests the results are within
- experimental accuracy (see Table:t 1). A significant discrepancy
exists, however, in measurements of pH; CHEMTRIC's measurements
are universally higher than those made at NASA. A plausable ex-
planation for the lower (more acidic) pH measured for the untreated
distillate, which was known to be unsuitable, is that microbial
growth occurred during the transit period between Illinois and
Texas, and C0y so generated caused the measured pH shift. That
possibility is supported by the fact that the differences between
CHEMTRIC's and NASA's readings for the post-treated water (all
samples of which were sterile) 1s smaller than the discrepancies
among the unsterile samples (see Appendix D for detail amalyses).

- In addition- to the cursory-analysis made of the daily samples
NASA tan a complete analysis of the untreated water produced on
days No. 2, 5 and 10; those results are presented in Table 2 in
thie format generated by NASA. Three elements (iron, lead and
nickel) show concentrations higher than the '"Specification Limits".
While those metals were introduced by the specific alloy applied
: to  Nicrobraze- some of the centrrfuge parts during -manufacturtng,
it is noted that the deionizer column (located downstream from the
point where these samples were drawn) would have reduced these con-
centrations substantially. A different -brazing alloy was found to
alleviate that trace-metals-introduction problem.

-~ = The highr mercury concentration (42 ppb) shown for the day
No. 2 sample is undoubtedly the result of accidentally blowing
.the contents of a mercury monometer into the still before test-
ing began. It is shown .that by day No. 5 the mercury had been
flushed from the machine and the anomaly had disappeared.

= P-4 -
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WATER ANALYSIS REPORT
Source: . Date: ~ Untreated Sample
Chemtric 7-18-74 ay #2 | Day #5|Day .
. #10
: | Ref.No.Ref.Ne.|[Ref.No]
Determination Specification Limits [474-67}474-81 474-107
pH 6-8 4.8 4.8 4.5
55ty @ (Megonmem at Reference only | 9,067 | 0.05 | 0.03
Total Solids, ppm TBD but < 500 11.6 1.5 2.5
Organic Carbon, ppm TBD but < 500 16 ' 24 24
Inorganic Carbon, ppm- Reference only <1 <1 | <1
Cadmium as Cd, ppb 10 <10 <10 <10
Chromium as cr*6, ppb 50 1.2 2.7 8.5
Copper as Cu, ppb 1000 <50 <50 < 50
fron as Fe, ppb 300 2000 500 600
Lead as Pb, ppb 50 <500 {<500 <500
Magnesium as Mg, ppb Reference only . 20 < 10 |< 10
Manganese as Mn, ppb 50 Z 50 < 50 < 50
Mercury as Hg, ppb 5 42 < 5 1S
Nickel as Ni, ppb 50 <100 | 1000 | 1000
Potassium as K, ppb Reference only 70 150 1S
Silver as Ag, ppb 50 <50 < 50 IS
Sodium as Na, ppb Reference only 100 250 80
Zinc as Zn, ppb 5000 70 40 1S
Ammonia as N, ppb 3000 120 1290 IS
Fluoride as F, ppb 20,000 675 800 550
Nitrate as N, ppb TBD o _ 3300 < SO < 10
Sulfate as SO4<, ppb 250000 . . |—ye s00 ‘| soo
Chloride as CI°, ppb 450,000 170 160" )5

Table '2 "ANALYSIS OF DAYS 2, 5 § 10 UNTREATED DISTILLATE

C H E
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SECTION 8

T

CONCLUSIONS AND RECOMMENDATIONS

It has been demonstrated that all the additional equipment
necessary to build a vapor compression system rather than only
a VC unit is available with existing technology. The SSP
Vapor Compression Distillation system has true null-gravity cap-
ability and demonstrated automatic operation. '

Specific energy consumption of the SSP VCD is excessively
high but significant reductions are readily available to future-
system designers. The power reductions which can be made are:
(1) Develop a peristaltic purge pump to replace the piston pump
selected for SSP. The peristaltic pump should perform the purg-
ing function with 20-watts input; the piston pump requires 200 -
watts. (2) Reduce the distillation unit centrifuge speed to the
range at which the original centrifuge (NAS9-9191) was driven.
The 20 percent speed increase built into the SSP unit was not
lucrative. (3) While the rotating demister in the VC unit evap-
orator should be retained it should be cantilevered from the
evaporator bulkhead rather than mounted on a bearing to the cen-
tral shaft. The friction load imposed by the bearing mounting
could have been eliminated for the SSP design but that required
a design change too extensive to be justified within -the SSP
program objectives. (4) Four bearings and their associated power
loss and reliability penalty can be eliminated by integrating
the distillation unit motor and the magnetic coupling. The inner
(driven) magnet should be the motor rotor and the outer magnet
with 1ts carrier bearings should be replaced by the motor stator.
The same advantages of ready replacement of the most unreliable
part (the stator) and complete absence of dynamic seals are re-
tained. Thils design improvement also could not be justified for

the SSP program,

Operating life of the peristaltic liquid pump assembly is
only 22 days of continuous operation. Subsequent investigatien
into peristaltic pump geometry and tubing materials has shown that
the 1life can be extended to at least 88 days, and probably much
longer. By designing the pump with a single large roller, holding
the tubing in a tight omega-shape, carefully controlling the tub-
ing occlusion, selecting a tubing material completely inert to
the medium, and by selecting a lubricant which is compatible to
all the requirements, the pump life is projected to be in excess
of 525 days of continuous operation.

The most lucrative area of penalty reduction lies in post-
treatment improvement. For short-term missions, less than 30-days
the post-treatment penalty is not excessive because the useful
life of all the present post-treatment cells are at least that
long. The variable penalty which is linear with mission duration
is not paid until after that period has elapsed. When VCD is

8-1-
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considered for longer missions -the replacement cell imposes
maintenance crew-time penalties which must be reduced through
either significant improvements in the present technique or the
development of a technique which operates without expendables.

On shorter-duration space flights, those applications for
which VCD development as an experiment is more urgent, emphasis
must be placed upon understanding the differances in operating
characteristics caused by a null-gravity environment. The major
unanswered questions which prevent the immediate application of
VCD as an on-line water renovation system are concerned with boiler
film stability, waste liquid droplet behavior '"above' the rotating
evaporator surface and the potentially rapid plugging of even a
very large recycle loop filter by precipitated solids, which have
always '"'settled" in the gravity environment existing with all VCD
tests to date. No such potential questions remain relative to
the system performance, operating economy, reliability or longev-
ity; those important parameters have been conclusively established
as being achievable, or as good or better than any potable water
renovation technique applicable to the requirements of space
flights in the foreseeable future.



APPENDIX A

COMPONENT DESIGN AND PERFORMANCE REQUIREMENTS

This section is composed of Mini-Specs describing the
eleven CHEMTRIC-built components which are listed below.
Similar documents generated by the prime contractor, Hamilton
Standard Division, United Aircraft Corporation, describe the
other seven components required to build a VCD module and are

included in the other SSP reports.

Component Name § Number

Activated Charcoal Filter, 525

Deionizer, 533

Drive Motor, 539

Purge Pump, 544

Liquid Pump,‘548

Waste Tank, 561
Recycle/Filter Tank, 562
Liquid Level éwitch, 571
Quantity Sensof, 576
Distillation Unit, 591

Silver Ion Sterilizer

FILMEp

Mini-§pec No.

3098-MS5-2500
3098-MS5-3300
3098-MS-3900
3098-MS-4400
3098-MS-4800
3098-MS-6100
3098-MS-6200

3098-MS-7600
3098-MS-9100

3098-MS5-9700

"3098-MS-7100

N
N

A
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1.0 Scope: This specification describes the design requirements for the SSP-
WWMS Activated Charcoal/Biological Filter (Component No. 525).

2.0 Function: To remove trace organic contaminants from raw condensate water
" - adsorption on activated charcoal, and to remove bacteria greater than 0.12
~«Crons, nominal, and 0.35 microns, absolute from the processed water stream.

3.0 Description: This component is an assembly of two separate canisters; the
first is a bacteria filter and the second is an activated
charcoal bed. The assembly is replaceable via maintenance disconnects and bracH
kets. Both canisters contain springs to load their filter elements against vi-
bration, and will be marked with a warning to caution personnel against
disassembly, The description of the bacteria filter is per
Mini-Spec No. 3098-MS-2400. Carbon in the ACF is retained between perforated
CRES  sheets and pyrex wool to permit axial flow of the process water stream.

4.0 Materials: Internal:corrosion resistant steel housing, retainers, spring
and maintenance disconnects, pyrex wool pads for particle containmént, Viton-A
O-ring seals and activated charcoal. : ) :

5{0 Performance:

5.1 Fluid: Clean renovated water (distillate from Still and ECS)

5.2 Flow Rate: 5.0 1b/hr maximum (distillation loop)
(ARG condensate = 60 1b/h1). -

5.3 Pressures: Operating, 30 psig nominal, 28 to 32 psig range
Proof: 48 psig .
Burst: 64 psig

: ' Drop Across Assembly: See Grash 9.0
- 5.4 Temperatures: Normal operating: + 60 to + I600OF
Autoclave Cycle: 228 to 233°F

5.5 Leakage: External: < lcc/year
Internal: N/A
5.6 Weight: Installed: 20.38 1b

Expendable: 17.49 1b
Spare: 17.49 1b
5.7 Interfaces: Fluid: 1/2'" diameter tubing ports with maintenance dis-
connects :
Mechanical: Brackets
Electrical: N/A
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6.0 Environment: Cabin Ambient

7.0 MTBF: TBD (Goal = 3.3 x 10% hrs)

2~
~

Ao Expendable Life: 30 Mission-days

9.0 Measured Pressure Loss:
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1.0 Scope: This specification describes the design requirements for the SSP-
WWMS Ion Exchange Column. (Component No. 533)

2.0 Function: To remove trace metallic ions from recovered water generated

~~ by the distillation process, and to remove bacteria greater than 0.12 mic-

./ rons nominal and 0.35 microns absolute from the processed water stream.
The bacteria filter is primarily a redundant barrier to prevent back-mi-
gration of bacteria which might enter the loop during maintenance opera-
tions.

3.0 Description: This component is an assembly of two separate canisters; the
first is a bacteria filter,. . and the second is a deion-
izer 'bed. The assembly is replaceable via fmaintemance disconnects and
brackets. Both canisters contain sprlngs to load their filter elements
against v1brat10n, .

‘ . . The descrlptlon of the bacteria
filter is per M1n1 Spec No. 3098-MS-2400. Ion exchange resin in the sec-
ond column is rfetained between perforatéd CRES sheets and pyrex wool to
permit axial flow of the process water stream.

4.0 Materials: Internal: Corrosion resistant steel housing, retainers, spring
and maintenance disconnects, pyrex wool pads for particle centainment,
Viton-A O-ring seals and silica .based amberlite IR-120 and IR-45 resin,

which is wetted with deionized water before packing and maintained wet

throughout storage life by the sealed canister.External:316§316L SS.
5.0 Performance:

5.1 Fluid: - Clean renovated water (Distilled and sterilized)

5.2 Flow Rate: 120 1b/hr, Nominal

5.3 Pressures: . Inlet Pressurex:30 psig .nominal, 28 to 32- p51g, range.
Proof Pressure: 48 psig

7N Burst Pressure: 64 psig : :
wJ Operating Pressure Drop: See Graph, Sectlon 9.0
5.4 Inlet Temperature: 70 - 90°F (228 to 232YF During autoclave~ cycle
5.5 Leakage: External <1 cc/year
Internal N/A
5.6 Weight: Installed 10.94 1bs (e st)
Expendable 8.04 1bs(cst)
: Spare 8.04 1bs (est)
5.7 Interfaces: Fluid: 1/2 inch tubing ports with malntenance disconnects
Mechanical - Brackets :
Electrical - N/A
6.0 Environment: Cabin ambient
7.0 MTBF: . TBD (Goal = 2 x 109 hrs)
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8.0 Expendable Life:

\)

19.0 Pressure Loss Data
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Scope: The Specification describes the design requirements of the distil-

lation unit drive motor (Component No. 539). .

Function: To start and maintain rotation of the distillation unit compres -

sor-and. centrifuge; the centrifuge is driven through belts by one
of the compressor shafts. ' C

3.0 Description: This device is an induction motor. Identified by Manufactur-
er's P/N (IMC Magnetic Corp.) FBJ 2918 Modified per CHEMTRIC Drwg.
3098-C-3902. . - ‘ :

4.0 Materials: Metallics (Aluminum Motor Hsg. and Coupling, Stainless Steel
Shaft). ‘

5.0 Performance: :

5.1 Ambient Pressure: ) 14.5 to 16.2 PSIA
5.2 Ambient Temperature: +60 to +100°F
5.3 Power Required: . 150 Watts
5.4 Weight: TBD
5.5 Interfaces: - Fluid: N/A
Mechanical: Bolted Flange - :
Electrical: 115/208 V, 3 Phase 400 H
5-wire Connector per
4 MS 3112E10-6P * v
5.6 Output Torque: ‘ 30 oz-in at 3400 RPM
6.0 Environment: Cabin Ambient

7.0

.0 _MTBE: TBD

*NOTE: Motor stator is an unbalanced 3-§ WYE,(Scot-Tee) and

must be run without heutral connected between controller and motor.
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1.0 Scope: This specification describes the design requirements for the SSP

WhMS Purge Pump (Component No. 544).

Function: To evacuate and maintain the vapor compression distillation unit

3.0

(Component No. 591) at a low operating pressure by withdrawing non-
condensible vapors from the condenser, pressurizing and discharging the
mixture of water and gas into a urinal for reprocessing.

Description: A motor-driven reciprocating two-stage piston pump. -The

reciprocating mechanism consists of a two-stage cylinder (driving through
stationary pistons), connecting rod, and eccentric drive. The eccentric
drive is coupled through a shaft to a speed reducer driven by a 115 VAC
400 Hz motor.

4.0 Materials: Corrosion-resistant steel throughout with Teflon piston seals
and Teflon insulated electrical wiring. Non-combustible, non-degrading
epoxy adhesive and electrical potting.

5.0 Performance:

5.1 Fluid: Distilled Water - 90% (by weight)
- Non-condensible - 10%
5.2 Flow Rate: 1.68 cu ft/min
5.3 Pressures: Operating:
Inlet Pressure - 0.2722 psia
Outlet Pressure - 17 psia
Proof: . 26 psia
. Burst: 34 psia.
'S.4 Temperatures: Inlet: +80°F to + 100°F
5.5 Leakage: External: 1 cc/yr
. Internal: N/A
} 5.6 Weight: Pump Only: 28.5 1bs

Installed: 34.3 1bs
Expendable: 31.4 1bs
. Spare: 31.4 1bs
5.7 Power Input: 300 watts, Peak

200 watts, Average

5.8 Interfaces: Fluid: 3/8 (outlet) and 1/2 (inlet) CPV
Mechanical: Mounting flanges
Electrical: 115 VAC, 400 Hz, 3 Phase

6.0 Environment: Cabin Ambient

7.0 MTBF: TBD ,
8.0 Envelope: 5:65 in {(dia) x 10.33 in x 15.75 1in

(143.5 mm x 262.4 mm x 400.0 mm)
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1.

0

Scope: ;' This spec1f1cat10n describes the design requirements for the SSP-

3.

.0

WWMS Liquid Pump (Component No. 548).

Function: To meter pretreated urine and flush water into the vacuum dis-

0

tillation unit (Item 591). To pump concentrated waste from the vacuum
distillation unit to the recycle tank (Item no. 562). To pump condensate
from the distillation unit through the post treatment process to the
fresh water storage tank, (I: T

Description: Two.magnetlcally .coupled gear pumps are driven off of a

4.

0

doubled ended electric motor.. A third magnetically coupled gear pump is
driven from its own electric motor at approximately " the same speed as

the other two. The two pumps on the doubled ended electric motor are
arranged to pump recycle and feed fluids while the remaining one pumps
condensate. The three pump heads are.identical units. They are sealed
and driven through a ceramic.magnetic coupling. The units have an internd
ally adjustable by-pass for recirculation of excess pump flow. The out-
put of the feed pump is plumbed to a constant flow valve and an in-1line-
relief valve arranged in series.

Materials: Corrosion resistant steel throughout with glass filled Teflon

S

.0

pump gears and ceramic couplings.

Performance:

5.1 Fluid: Pretreat urine, flush water and distillation condensate

5.2 Flow Rate: Feed - 15 1b/hr ‘ _

Recycle - 12.65 1b/hr nominal, (0 to 15 #/hr Range)
S " Condensate - 2.45- lb/hr nomlnal (0 to 15 #/hr Range)

5.3 Pressure: Operating:

Inlet Pressure (psia) Minimum Nominal Maximum
Feed 10.00 15.00 20.00-
Recycle ' ' 0.44 0.60 0.70
Condensate 0.50 0.74 0.94

OQutlet Pressure (psia)

Feed 0.44 0.60> 0.70
Recycle 10.00 15.00 20.00
Condensate 33.00 35.00 37.00

Proof (pump casing): 40 psig,

Burst (pump casing): 60 psig,

Collapsing: 15 psi applied externally
5.4 Temperatures:Inlet + 60°F to 100°F

P. P. Nuccio
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‘5.5 Leakage: External: &1 cc/yr
Internal: NA

5.6 Weight:

- Installed: £ 48 1b

s Expendable:¢ 48 1b
Spare:< 48 1b

5.7 Power Input: 120 watts, avg.

460 watts, peak

5.8 Interfaces: Component side MDV

Mechanical - Brackets

Electrical - 115 VAC - 400 cps :3 -phase -

6.0 Environment: Cabin Ambient

7.0 MTBF: TBD

8.0 Envelope: 19.99 in x 12.50 in x 6.00 in
o (507.7 mm x 317.5 mmn x 152.4 mm)

*9.0 Duty Cycle: 100%, Design valve; 0 to 100% range
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.0 Sbbge This specification describes the design requirements for the SSP

WMS Waste Storage Tank (Component No. 561). The quantity sensor (Compon-
ent No. 576),which is integrated 1nto the tank design,is described by

Mini-Spec No. 3098-MS-7600.

Function: To receive, contain and expell waste liquids. An electrical

signal proportional to the quantity of liquid present in the tanks is
provided by Comp. 576.

Description: The tank 1s cylindrical with elliptical ends in which a pis-

1.0

ton moves ax1a11y to accommodate the quantity of waste solution present.
The piston is contoured to match the elliptical end and is sealed to the
tank by a rolling diaphragm. The back-side of the piston is pressurized
by N2 to 5 psig. The position of the piston is translated to the position
of a potentiometer driven by a cable/reel mechanism attached to the piston
quantity measurement therefore is made by measuring the electrical resist-
ance through the potentiometer. Replacement via Maintenance Disconnects
and electrical connector.

Materials: Corrosion resistant steel, polypropylene, Teflonand viton-A

.0

elastomers.

Performance:

S.1 Fluid: Waste waters containing body, clothes and
utensil impurities; fecal flush water contain-
ing pretreatment solution and silver ions,; ur-
ine and urinal flush water.
5.2 Capacity: 1100 cubic inches (18.02 liters) or 40 #
L1qu1d Nominal. .

5.3 Expulsion Efficiency: 98% minimum (trapped volume 22 in3 (0.36

: liters) maximum)

5.4 Pressures: Operating, 5 psig nominal; l35p51g maximum;
proof, 2\ psig Burst, 27 psig. (Diaphram AP =
0.2psid .
5.5 Temperatures: +60 to +1600°F, normal operating

+2289F autoclave nominal
+2329F autoclave maximum

5.6 Leakage: External, <1 cc/year(see Permeation, Sect.
9.0)
Internal, <1 cc/year

5.7 Weight: Installed: 26.5 1b empty, 65.7 full (25.7
dry) '

Expendable: 26.5 1b
Spare: 25.7 1b

)
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5.8 Interfaces:

i} 6.0 EnVironmént:

Fluid, 1/2" tubing diameter inlet and outlet
with MDVs, Gas Port 1/2" tubing Dia with CPV ff{

Mechanical, Brackets
Electrical ‘connector per STSV 204 (to Comp S576)

CaBin'Ambient

7.0 MIBF: TBD (Goal = 0.21 x 105 hrs).
' i P - . .
8.0 Composition of Pretreatment Solution: (By Weight)
“ Iodophor - 27% ‘

H2504 - 15

Antifoam - 6

Ho0 - 52

100%

9.0 Permeation Through Diaphram: i

Waste Tank: 30.8;c;/mbnth
T

1

&
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1.0 Scope: This Specification describes the design requirements for the SSP
WWHMS Recycle/Filter Tank (Component #562).

2.0 Function: To.contain recycled liquor delivered by the distillation unit

f) (591) and original waste liquid delivered by the waste tank (561); to mix
those streams passively and send the filtered mixture to the distillation
unit for processing. Filtration shall be down to 25 microns nominally.

3.0 Description: A welded cylindrical .tank with spherical ends, and containing]
'a built-in solids filter. Periodic replacement is facilitated by mainten-
ance disconnects at the inlet and outlet ports. Quantlty measurement not
required because tank is maintained full at all times.

4.0 Materials: Corrosion resistant steel. Filter material is polypropylene
fiber.

5.0 Performance: :

5.1 Fluid: Liquid consisting of concentrated waste (urine, wash water]
and fecal flush water), pretreatment solution and silver-
dosed water. Initially, before installation into the
recycle loop, the tank assembly contains only silver-

_ . dosed water. - S
5.2 Flow Rate: - 15 #/hr, Nomainal; 0-20 #/hr, Range
5.3 Pressures: Operating: 5 psig Nominal, 6 psig Max.
Proof: 30 psig .
Burst: . 40 psig
Drop Across Tank: 0.1 to 0.5 psid (Measured Range)
5.4 Temperature: 60 to 80OF Operating Range
5.5 Leakage: External: <1 cc/year
- Internal: N/A
;) 5.6 Weight: - Installed: 54.9# (9.8 # dry)
i - Expendable: 63.8# (at 50% solids)
‘ : Spare: 54.9#
5.7 Interfaces: Fluid: 1/2" Dia tubing with nalntenance disconnects

Mechanical: Brackets:
Electrical: N/A

6.0 Environment:. Cabin Ambient

7.0 MTBF: TBD (Goal = 3.3 x 100 hrs)

8.0 Expendable Life: 30 Days (Urine Loop); Tpp (Wash Loop)
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1.0 Scope: This specification descrlbes the design requirements for the SSP-

2.

WWMS VCD high-level switch (Component No. 571).

Function: The switch senses high-liquid level in the evaporator of the

- 3.

~

0

VCD and closes a circuit in the VCD controller. The controller interupts
the flow of waste water to the VCD until the high-level condition subsides.

Description: The differential pressure switch is pneumatically connected

4.0 Materials: ‘Molded polycarbonate body, brass’ eyelets ‘and terminals, 316 ¢ s;a;pless

between the VCD evaporator and an impact tube located in the evaporator
approximately one centimeter closer to the VCD centerline than the recycle
impact tube. During normal operation the recycle circuit has sufficient
capacity to maintain evaporator liquid contents at the level established
by the evaporator geometry. During upset conditions, however, (caused by
either an increased feed rate or a decreased recycle rate) the liquid
level in the rotating evaporator might rise. When it rises one centimeter
the rotating liquid will apply its velocity pressure to the second impact
tube and be sensed by the switch. The switch closes at differential
pressures of 0.3 to 0.5 inches of water; velocity pressure of the rotating
liquid is 7 inches of ‘'water higher than evaporator static pressure. Burst
pressure difference across.the switch is 8 psi (222 inches of water). The
component assembly consists of a vacuum chamber containing the switch and
open to the VCD evaporator. One side of the switch is connected to a

port open to the second impact tube, the other is left open within the
chamber to sense evaporator pressure. The chamber assembly is mounted to
a probe-type MDV for. convenient maintenance.

—

\

steel chamber, Vlton-A O rlng seals, surglcal graae s111cone ru'bber t'ublng.

~ .0 Performance:

5.1 Fluid: Water vapor on both sides of switch
5.2 Differential Pressures: (Across switch) -
"Applied at Hi- Level: 7 in H,0 Max.
i Actuation: 0.4 £ 0.1 in. H,0
| Deactuation: 0.3 in. Hp0 (Measured)
! Burst: 8 psi (222 in. H20)
[ 5.3 Absolute Pressures: Evaporator: 0.25 to 15 psia range
Proof: (housing § adapter) 15 psig
Burst: (housing § adapter) 30 psig
Buckling: 15 psi, applied externally
ORIGINAL DATE N 1A = ‘ —
or omawins_ e 1072 B4 (SHEMITRIG, Ine,
DRAFTSMAN PATE P"T\] 9330 WILLIAM STREET s  ROSEMONT, IL. 60018
P. P. Nuccio / TITLE

‘ CHECKf?%%/gUﬁDATE

ENGINEER DATE

COMPONENT MINI-SPEC

A A ./ Liquid Level'Switch‘(Component No. 571)

APPe/y/geez%(, /Z;DATE ' .

~ESIGN ACTIVITY APPROVAL CODENIODENT. SiZ DWG. NO. EEV

ER PPROQAL: /44ZE;25; » 3098-MS-7100 Coelys ES :
OTHER A S

SCALE — WEIGHT _ SHEET 1 of 2




5.4 Temperatures:

5.5 Leakage;

5.6 Weight:

5.7 Interfaces:

Environment:

.0 MTBF: TBD

Electrical Characteristcis:

Operating:

Internal;
External:

Installed:
Spare:

Fluid:
Mechanical:
Electrical:

Current Rating:
Operating Voltage:

+60 to +100°F

<1 cc/year

<1 cc/year (housing and adapter

only)

2 1b.
2 1b.

(estimate)
(estimate)

MDV-Probe
MDV-Probe

Connector STSV204-E-14 Ph-(x)-2

Expendable Life: .Indefinite [Rated at 1 x 106 operations)

Assembled component, Cabin ambient; differential pressure
‘ switch, VCD evaporator

10 Ma Resistive, DC
“30 V AC/DC Maximum or

120 AC Neon Lamp Load
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1,0 Scope:

Waste Tank Quantity Sensor (Component No. 576).
2.0 Function: This instrument measures the location
-~ tectively a bladder, in the Liquid tank,

- to that position.

This specification describes the design requirements for the SSP

The signal is in the form of electrical resistance. This

of a piston, which is ef-
and generates a signal proportional

component performs a-secondary function; it applies a mechanical force to
the piston which pulls the piston to a fail-safe position in the event of a

bladder puncture or rupture.

__Description: The sensor consists of two

are connected to potentiometers.

two

fails.
Their Model ML 1912, rated at 10 to 16 1bs
operation.

model No. 830-500.

resistance is 500 ohms.
with Three STSv 209-23 captive fasteners.

Materials:

Performance:

——

6.0
a 5.1 Fluid: N/A
- 5. Flow Rate: N/A :
5.3 Pressures: Normal Operating, 3{ psig max /[HTQ
5.4 Temperatures: +60 to + 160°F - , :
5.5 Leakage: N/A :
5.6 Weight: 2 1b est.
5.7 Power Req'd: + 15 VDC, 1.15 Ma Maximum
5.8 Interfaces: Fluid: N/A
' Mechanical: Bracket, Captive Fasteners
and Cable Clips (3)
Electrical: Connector per STSV 204
.0 Environment: Operationaly nitrogen, gaseous, at Jopsig, nominal, 3} psig

maximum, Spare Storage$ Cabin Ambient,

The entire assembly. is mounted by a brac-
ket which is located within the li@uid tank on the gas side.
ity of Liguid on the liquid side of the piston changes the pis
either pulls the cables or permits the reels to take-up the cables.
reel position changes the resistance across the potentiometers changes.
spring/cable reels are applied, rather than only one to maintain a
high '"return'" force on the piston in the eveht that one spring/cable reel
The reel assemblies are purchased from Hunter Spring, Lansdale, Pa;

The potentiometers are purchased
They are three-turn pots
linearity * 0.25% over the temperature range
The sensor assembly

303/304 and 316 Stainless Steel and non-metallics within the
pot which are Seadled from The environment by & Vitown a-rnﬁ Qppliec By Spectrol,

(LHTL Presseees, pppucations ,Lowei Press

spring/cable reels, which

As the quant-
ton moves and
As the

force and 100,000 cycles of
from Spectrol, Inc.; their
rated at 3-watts at 40°C with
-550C to 1050C. Full scale
is mounted to the tank nest
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U

8.

.0 MTBF: TBD

0 Expendable Life: Indefinite (100,000 cycles rated; at 42 micturations

L.

per SSP day, rated life is 2381 days or 6-1/2 years).
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1.0 Scoge: ThlS specification describes the design requirements for the SSP
(AN

2.0 Function: To distill water from concentrated urlne, humidity condensate,

= G e S e DR eR S S8

apor Compression Vacuum Distillation Unit (Component No. 591)

A

fecal flush water, and wash water brine. The attached curves indicate the
performance characteristics of the unit as a function of cabin temperature

-/ and concentration of dissolved solids in the feed liquid.

3.0 Description: The unit consists of a rotating condenser and evaporator
shell enclosed in a stationary outer shell. The . 3400 RPM drive motor
(Comp 539) is magnetically coupled to the rotary-lobe compressor. The evap-
orator and condenser assembly is driven at 260 to 290 RPM by a speed
reducer (belts and pulleys) coupled to the compressor drive motor. Waste
water fed into the still is distributed over the rotating evaporator, and
concentrated by distillation. The concentrated liquid and condensate are
collected in annular sumps and transferred out of the unit by pick-up tubes
mounted on the stationary central shaft.

4.0 Materials: Corrosion-resistant steel, Neoprene rubber and Viten-A.

5.0 Performance: .

5.1 Fluid: Input - Waste water; Output - Distilled water
5.2 Pressures: ‘Nominal Operating: 0.7 psia (0.4 to 0.9 range)
Proof: 22 psig
Burst: 30 psig
Collapsing: 15 psi applied externally
Compressor Pressure Rise: 0.12 psi Nominally
. (0.31 psi Maximum)
5.3 Temperatures: Operating: +60 to +100°F
5.4 Leakage: External: <1 cc/year
- Internal: ‘N/A
/5.5 Power Required: N/A (115 VAC, 400 HZ, Three Phase—to comp 539)
5.6 Weight: Installed: 134 1b
' Spare: 142.71b |
5.7 Interfaces: Fluid: See Dwg. No..3098-R-9100
Mechanical: Brackets
Electrical: MS Connectors (2)
6.0 Environment: Cabin Ambient

7

0

.0 MTBF: - TBD (Goal = 0.05 x 10% hours)

8.0 Performance Curves: See Attached Graph
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Recovery Rate of Vapor-Compression Vacuum-Distillation
Unit (Component No. 591) Vs. Cabin Temperature
At Various Dissolved Sclids Concentrations
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.0 Scope: This specification describes the design requirements for the SSp-wkMS

1lver Ion Sterilizer (Component No. 597).

.0 Function: To

fﬂ.lons to maintain sterility. Condensate orlglnates in the VCD; R.H. heat
. < exchanger, and Sabatier reactor; permeate in the RO cell.

. 0 Description: S

beads retained by spring loaded inlet and outlet screens. Flow is single

pass, axial.
outlet ports.

.0 Materials: Corrosion resistant steel (type 316%511ver chloride, glass beads,
Viton-A seal and pyrex wool pads.

.0 Performance:
S.1 Fluid:
5.2 Flow Rate:

5.3 Pressures:

5.4 Temperature: 60 to 100°F, operating

dose filtered condensate or permeate with 1.0-2.0 ppm silver

tainless steel hou51ng containing a mixture of AgCl and glass

Replacement is via maintenance dlsconnects at the inlet and

Ccndensate and/or Permeate :
Permeate - 25.0 1b/hr, nominals 27.5 1b/hr, maximum.
Condensate -~ 60 1b/hr’

Inlet, 30 psig, nominal, 28 - 32 psig, range

Proof, 48 psig .

Burst, 64 psig

Operatlng pressure drop, 1.7 psid at 60 1b/hr

5.5 Leakage:

5.6 Weight:

5.7 Interfaces:

228 to 232°F during autoclave cycle.
External < lcc/year

Internal N/A

Installed 8.72 1bs

Spare 5.82 1bs

Fluid - 1/2" diameter MDVs"

P
1]
~.

5.0 Envirconment:

7.0 MTBF: TBD (Go

3.0 Expendable Life:180 Days

Mechanical - Brackets
Electrical - N/A

Cabin ambient

al = 5 x 10% hrs)

‘9.0 Preparation

Procedure, REF Only: Mixture comprised of 44.4% by wt. AgCl

(Fischer Scientific Co. Catalog No. S-174) and 55.5% glass beads (Sargent
Welch Catalog No. S-61760-30, 0.45 to 0.50 mm dia.). Size AgCl to pass
betweén 6 mesh and 45 mesh sieves. Combine ingredients § moisten with
deionized water to prevent density stratification. Pack mixture into pre-
vious g-cleaned canister. Maintain dampness throughout storage and use

DEL10
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APPENDIX B

ASSEMBLY PROCEDURES

This section is comprised of the documents written to
control the methods, tools and procedures to be followed and
the measurements to be made during assembly of those SSP
components for which that control is necessary. An assembly
log is included with each procedure document in which is
entered a completion confirmation or parametric measurement

for each step in the prescribed procedure.
are included for the following components:

Component Name § Number

Activated Charcoal Filter, 525
Deionizer, 533

Liquid Waste Tank, 561
Distillation Unit, 591

Silver-Ion Sterilizer, 597

Assembly procedures

Document No.

3098-AS-2500

3098-AS-3300
3098-AS-6100
3098-AS-9100
3098-AS-9700
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1.0

Scope: This procedure document describes the assembly of-an activated

[ev]

charcoal/bacteria filter assembly which is designated SSP Component No.
525. The assembly is shown by Drawing No 3098-R-2500.

Parts List: This assembly is comprised of the subassemblies and parts

EN ~1eo
o .

shown on P/L No. 3098-PL<2500.

Tools § Instruments: Only normal and customary tools are requlred for

the assembly. Preparation of the packing, activated charcoals, and the
assembly and check out of the assembly requires a 6 mesh (Tyler) screen,
a 45 mesh (Tyler)screen, chromic akid, hydrochloric acid, glass beakers,
a polyethyelene pipette. washing jar (flotatlon tower), a delonlzed water
source, turbidimeter, an atomic absorption spectrophotometer, a pH meter |
a conductivity meter, an autoclave, and a temperature controlled water
bath.

Procedure: : I

4.1!. Packing-Preparation: (item:no. 11)

Packing preparation consists of (1) classifying 51lver chloride
granules, (2) cleansing glass beads, and (3) mixing the silver

" chléride granules and glass beads in the ratio 1.25 parts glass
beads to .1l part silver chloride. '

4.1.1 Classify reagent grade "as-received'" silver chloride gran-
ules in between 6 and 45 mesh (Tyler) screens under subdued
lighting. Material that passes through the 45 mesh screen
is rejected. Material that is retained by the 6 mesh screen
may be reduced in size by '"hammering'" with a pest11e or by

"cutting-up" the lumps with a knife or razor

4.1.2 Prepare glass beads, 0.42 to 0.59 mm diameter.

4.1.2.1 Wash '"as-received'" glass -beads in an aqueous solu-
tion of detergent (Alconox or equivalent).

4.1.2.2 Decant the detergent solution and rinse the glass
beads with hot tap water several times (about §5).

4.1.2.3 Wash the glass beads in concentrated chromic acid.
Heat the chromic acid and glass beads to boiling
and allow the mixture to simmer for one hour.

4.1.2.4 Allow the chromic acid and glass beads to cool ~-De~
cant the chromic acid and wash the glass beads re-
peatedly with deionized water, until the washings
indicate no presence of chromic acid.

4.1.2.5 Dry the glass beads in an oven at 2180F (103°C) for
12 hours.

4.1.2.6 Allow the glass beads to cool to room temperature.

4.1.3 Blend the classified silver chloride granules and the pre-

pared glass beads by weight in the ratio of 1.25 parts glass

beads to one part silver chloride under subdued lighting.

After weighing-out the proportions, add the glass beads and

silver chloride granules to a common container (preferably

glass) along with a volume of wdter just equal to the vol-

ume of the silver chloride and the glass beads. Stir the

mixture manually with a spatula and distribute the glass

z
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4.

2

Charcoal Preparation (item no. 17)

beads and silver chlor%de particles ‘uniformily. Approxim--
ately 12.1 in3 (199 cm”) of packing are required to fill the
annular space in the biological filter canister. Prepare anj..
additional 10 - 20% extra for contingencies, i.e., approxim-
ately 240 cm3. :

Charcoal preparation consists of (1) treatment with di'lute hydro-
chloric acid, (2) boiling deionized water extractlons, (3) washing
in deionized water, and (4) steam sterilization. Weigh-out 6 1bs
of "as-received" Barnaby Cheney type 365 actlvated charcoal and
treat as follows. , . )

4.2.1

4.2.2

4.2.3

Place a pound of charcoal in a 4 1 beaker and add deionized
water equal to S5 times the charcoal volume. Stir the mix-
ture and slowly add.25.ml of concentrated HCl per pound of
charcoal. Addition of the acid results in the evolution of
hydrogen sulfide which gradually.diminishes with time. The
gas is readily identified by its characteristic ''rotten-egg’
odor; perform the acid treatment in a well ventilated area.
Decant-off the acid and wash the charcoal 5 times with de-
ionized water, by. adding deionized water equal to 5. times
the charcoal volume, stirring, allowing the charcoal to
settle,.and decanting-off the supernatant liquid.

Perform five’ (5) extractlons on the charcoal in boiling de-
ionized water. ~Add deionized water equal to 5 times the
charcoal volume to the acid treated charcoal. Boil the mix-
ture vigorously for 5 minutes while constantly stirring the
charcoal. Remove the beaker from the heat source, and al-
low the charcoal to settle. Decant the $upernatant liquid
and repeat the extraction process at least five 'times.

Wash the charcoal in a flotation tower to remove the fines.
A standard polyethylene pipette washing jar which has a 6-
inch diameter, and a height of 31 inches is used. The med-
1a (charcoal) is retained by 10 and 100 mesh screens mount-
ed approximately three inches from the bottom. Washing
water is introduced through the side by means of a 3/8-inch
bulk-head tube fitting located approximately one inch from
the bottom. Water flow rates of 1' - 2 gpm expand the char-
coal to approximately 6 times the settled or compacted vol-
ume, and provide vigorous mixing with the incoming water.
The fines in the charcoal are removed by flotation with the
overflow wash.

About 3 pounds of acid treated and boiling deionized water
extracted charcoal are backwashed per batch. Initially the
charcoal is washed with 130 - 1600F tap water for 20 to 30
minutes at.1l - 2 gpm. The water is turned off and the wate}
within the tower is allowed to drain back through the char-
coal and out through the water inlet. The last 500 ml of
the drainings are measured for pH and specific resistance.
Wash with the tap water is continued until the drainings

/1 1\
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match the inlet washing tap water with respect to pH and
specific resistance.

Repeat the backwashing with deionized water of at least one
megaohm purity. Repeat until the charcoal draining match
the inlet deionized water with respect to pH and specific
resistance.

4.2.4 Steam sterilize the charcoal at 115°C (250°F), approx1mate1y
45 minutes per pound of charcoal.

4.2.5 Store the treated and sterile activated charcoal in sterile
containers until assembly. . .

4.3 Prepare two Pyrex wools (item no. 10) for the activated charcoal
canister. . ’

4.3.1 Soak a roll of Pyrex wool in deionized water.

4.3.2' Wet down a working surface with deionized water, unroll, and
fold over the wet Pyrex wool into a pile one-half inch thick

4.3.3 Sandwich the one-ﬁalf inch thick wet Pyrex wool pile between
two 316 stainless steel retaining screens (item no. 18).

4.3.4 Trim the Pyrex wool pile with a pair of scissors around the

: periphery of the screens, about one-sixteenth of an inch
larger in radius than the retalnlng screens.

4.4 Prepare the lower Pyrex wool (item no. 10) for the biological fil-
ter canister, using the retaining screen (item no. 14) and the f11°
ter cartridge (item no. 15) to fac111tate the preformlng
4.4.1 Soak a roll of Pyrex wool in deionized water.

4.4.2 Unroll ahd fold over the wet Pyrex wool over the retaining
screen and the biological filter cartridge into a pile abcut
one-half inch thick.

4.4.3 Trim the Pyrex wool pile with a pair of scissors conically,
into a shape approximating the contour of the biological
filter canister. :

4.5 Prepare the upper Pyrex wool:(item no. 10) for the biological fil-
ter canister.

4.5.1 Make two annular ring patterns from 1/16-inch -thick aluminum
sheet metal, 2-3/4 inches outside diameter and 2 inches in-
side diameter, to facilitate preforming the Pyrex wool.

4.5.2 Soak a roll of Pyrex wool in deionized water.

4.5.3 ‘Wet down a working surface with deionized water, unroll,and
fold over the wet Pyrex wool into a pile one-half inch thick
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4.

4.5.4

3.5.5

Sandwich the one-half inch thick wet Pyrex wool pile be-
tween the two patterns.

Trim the Pyrex wool pile with a pair of scissor around the
periphery of the annular rings.

6 Biological Filter Cartridge Preparation (item no. 15) *

4.

4.6.1

4.6.2

4.6.3%

Perform multiple extractions on the "as-received" filter
cartridge to remove water-soluble manufacturlng residues.
Place the cartridge in a metal pan with 2 to 3 liters of
deionized water and heat to boiling. Remove the pan from
the heat source, drain off the water and air cool the car-
tridge. Repeat the extraction at least three times or un-
til no visible color is detectable in the hot water.

Install the filter cartridge in Pall Trigity Corporation's
commercial housing, connect to a deionized water source and
flush at 0.25 to 0.5 gpm for 30 minutes.. Shut-off the de-
ionized water flow after 30 minutes and allow the unit to
remain idle for 30 minutes. Drain-off the water in the
housing and determine the drained water's pH and specific
resistance. Repeat the flushing process until the pH and
specific resistance of the drainings are® in close agreement
with the values obtained for the deionized water used 1n
the flushing.

Remove the filter cartridge from the commercial housing,
and steam sterilize the tartridge in an autoclave at 115°C
for 15 minutes.

7 Assemble the Biological Filter Canister

4.7.1

Insert the O-ring spring’:(item 123)%::Place -the..O-rihg over-
the hub within the biological fllter canister body.

Insert the spacer (item 13). Place the spacer over the hub
within the biological filter canister body.

Insert the preformed lower Pyrex wool for the biological
filter canister; see 4.4. Adjust the fit of the Pyrex wool
pile by adding more Pyrex wool or by trimming away the ex-
cess Pyrex wool.

Place the retaining screen (item 14) over the previously.
prepared biological filter cartridge (see 4.6) outlet.

Insert the biological filter cartridge and retaining screen
subassembly (see 4.7.4). Put the filter cartridge outlet
over the hub within the biological filter canister body and
manipulate the cartridge down until it rests against the
washer. Check to be sure.that ‘an O-ring is supplied with
filter cartridge and that the O-ring-is properly positioned
in the O-ring groove on the filter cartridge outlet.
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4.8 Assemble the Activated Charcoal Canister

4.7.6

4.7..8

4.7.9

4.7.10

4.7.11

'(1tem no. 6) on the cap screws, screw-on the six self-lock-

Connect the outlet of the biological filter-canister to a

" exceed. 3 psig. Analyze the.effluent for silver content and

Load the annular space between the filter cartridge and bio-
logical canister bOdK under subdued lighting, with the pre-
viously prepared packing; see 4.1. Add the packing mixture

in S0 to 100 ml increments while tapping the outlet against
a hard surface and tapping the canister body with a stick.

When the packing is near completion, gently ram the mixture
with a rubber stopper (smaller in diameter than the annulus)
fixed to a rod. Do not use any water .in loadin'g the canist-
er; if the canister contains water, the silver chloride par-
ticles and glass beads will settle to the bottom at differ-
ent rates and produce stratification. Record the volume of
packing used to fill the annular space on the assembly log.

Place the preformed upper Pyrex wool on top of the packing;
see 4.5. Insert additional Pyrex wool to cover areas around
the pleats of the filter cartridge.

Insert the O-ring (item no. 9) into the O-ring groove on the
flange of the biological filter canister Mody.

Compress the upper Pyrex wool (item.no. 10) with the biolog-
ical filter canister cover weldment (item no. 16), align and
hold it in compression in the position shown, insert the siX
socket head cap screws (item no. 8), put-on the six washers

ing nuts (item no. 5) and tighten to 19 + 2 in-1b torque.
Record the torques on the assembly log.

deionized water source td backwash the "fines'" out of the
packing. . The inlet pressure during backwashing should not

turbidity, to check that the canister is saturating the de-
ionized water with silver ions, and that the '"fines" pro-
duced during the loading are backwashed-out. Continue backj
washing until the effluent contains no "fines' and the Ag?
content is 1.0 - 1.3 ppm. Record final backwashing turbid-
ity and Ag*content on the assembly log

Dlsconnect theé deionized water source from the outlet and
reconnect it to the inlet of the biological filter canister.
Shut-off the outlet and check for leaks at 30 psi. Should:
any leaks be found, they must be corrected. If the leak
check test has been passed, record that fact on the assemb-
ly log. Depressurize, remove the water connections, and
drain the subassembly.

4.8.1

Prepare the lower Pyrex wool activated charcoal support Ssub-
assembly by sandwiching a preformed Pyrex wool (see 4.3) be-
tween four retaining screens (item no. 18), two screens on
each face of the Pyrex wool disct.
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4.8.10

4.8.11

NOTE:

4.9 Biological Decontamination of- the Assembly

- Place the upper Pyrex wool activated charcoal support subas-

Insert the lower preformed Pyrex wool resin support subassem-
bly (see 4.8.1) into the bottom of the activated charcoal
canister body. ~,
Load the activated charcoal canister body with the previously
prepared activated charcoal; see 4.2. Add the activated chart}
coal in 50 to 100 ml increments while tapping the outlet
against a hard surface and tapping the canister body with a
rubber mallet. When the packing is near completion, gently
ram the activated charcoal down with a rubber stopper.(smal-
ler in diameter than the. canister) fixed to a rod. Record the
volume of activated charcoal used to fill the canister body
on the assembly log.

Prepare the upber‘Pyrex wool resin support subassembly by
sandwiching a preformed Pyrex wool (see 4.3) between two up-
per retaining screens (item no. 19) and two lower retaining
screens (item no.l18).

sembly (see 4.8.4) on top of the activated charcoal bed.

Place the seal retainer (item ho;ZO) on top of upper Pyrex
wool activated charcoal support subassembly.

Insert the O-ring (item no.22) into the groove on the flange
of the activated charcoal canister body.

Place the spring (item no.21) on:top of the seal retainer.

Compress the spring with the activated charcoal canister cov-
er subassembly (item no.2), align, hold in compression in the
position shown, align and position the bracket (item no.3)
with two holes as shown, insert the six socket head cap
screws (item no.4), put on the six washers (item no.6) screw-
on the six self locking nuts (item no.5) and tighten to 19 +
72 in-1b torque. Record the torques on the assembly log.

Connect the inlet of the assembly to a deionized water
source, shut-off the outlet, and check for leaks at 30 psi.
Should any leaks be found, they must be corrected. If the
leak check test has been passed, record that fact on the as-
sembly log. Depressurize, remove the water connections, but
do not drain the assembly.

Attach the identification label and flow direction label at
the location shown on the drawing with adhesive No.EC2216.
Perform the ACF Test Requirement (3098-TR-2500) at this point
and then after completion continue with Biological Decontam-
ination.

Long term (18-24 hours) exposure to pasteurlzatlon temperatures is
the decontamination technique. The equipment required is as fol-
1ows %1% a constant temperatu;g watﬁr bath with an agltator, {2) a
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al filter, and (4) a lenﬁth of steam sterilized silicone Tubber

tubing.:..

.The: biological filter, silicone tubing. and the coil are

connected together 1nd steam sterilized as a unit.

4.9.1

4.9.2

4.9.3

4.9.4 

4.9.5"

4.10 Weight

Connect the biological filter inlet to a deionized water
source and connect the biological filter cutlet to the coil
with silicone rubber tubing. Run deionized water through
the filter, silicone rubber tubing and the c011 at about 0.5
gpm to displace any trapped air.

Connect the coil outlet to the canister assembly 1n1et with
silicone rubber tubing and connect another length of sili-
cone rubber tublng to the canister assembly outlet.

Immerse the coil and the cnnlster assembly in the water
bath, and route the silicone rubber tubing connected to the
canlster assembly outlet to a convenient drain.

Turn on the deionized water source, .and regulate the water
flow down to 35 ml/min. Adjust water bath controls to main-
tain a temperature of 180 + 3°F. :

After 24 hours of exposure, reméve the coil and canister
assembly from the ‘water bath and allow the assembly. to cool.

Record pasteurization (sterlllzatlon)tlme and temperature
on the assembly log.

§ Storage Preparation

4.10.1
4.10.2

4.10.3

4.10.4

Wei2gh -the assembled Actlvated Charcoal Fllter and Bacteria
Filter Assembly on a balance with accuracy of better than’
+ 0.1 1b. Record the weight on the assembly -log.

Perform the acceptance test per Test Requirement Document .
No. 3098-TR-3200. Record completion of that test on the
assembly log.

Place appropriate caps over the CPYV, connector ©or MDV and

-put the assembly into finished-component storage.

Sign and date the assembly log.
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Scope: This procedure document describes-the assembly of a deionizer

and bacteria filter assembly which is designated SSP Component.No. 533.
The assembly is shown by Drawing Ne. 3098-D-3300. ‘ :

Parts List: This assembly is comprised of the subassemblies and parts

Tools & Instruments: Only normal and customary tools are required for

1.0
‘ 2.0
. .shown on P/L No. 3098-PL-3098.
3.0
4.0 Procedure:

the assembly. Preparation of the packing, resins, and the assembly and
checkout of the assembly requires a 6 mesh (Tyler) screen, a 45 mesh
(Tyler) screen, chromic acid, glass beakers, a deionized water squrce,
turbidimeter, an atomic absorptlon spectrophotometer, a pH meter, a con-
ductivity meter, and a temperature controlled water bath.

4.1 Packing Preparation (item no. 3)

Packing preparation consists of (1) c1a551fy1ng silver chloride
granules, (2) cleansing glass beads, and (3) mixing the silver
chloride granules and glass beads in the ratio 1.25 parts glass
beads to 1 part silver chloride. :

4.1.1 'Clasify reagent grade ''as-received' silver chloride granules
in between 6 and 45 mesh (Tyler) screens under subdued light
ing. Material that passes through the 45 mesh screen is re-
jected. Material that is retained by the 6 mesh screen may
be reduced in size by "hammering'" with a pestile or by '"cut-
ting-up' the lumps with a knife-or razor.

4.1.2 Prepare glass beads, 0.42 to 0. 59 mm diameterT.
4.1.2.1 ‘Wash "as-received"glass beads in an aqueous solu-
tion . of detergent (Alconox or equivalent).
4.1.2.2 Decant the detergent solution and rinse the glass
: beads with hot tap water several times (about 5).
4.,1.2.3. Wash the glass beads in concentrated chromic acid.
Heat the chromic acid and glass beads to boiling
and allow the mixture to simmer for one hour.
4.1.2.4 Allow the chromic acid and glass beads to cool.
Decant the chromic acid and wash the glass beads -
repeatedly with deionized water, until the washings
. indicate no presence of chromic.acid.
4.1.2.5 Dry the glass.beads in an oven at 2189F (103°C) foﬂ
12 hours. -
4.1.2.6 Allow the glass beads to cool to room temperature.

4.1.3 Blend the classified silver chloride granules and the pre-
pared glass beads by weight in the ratio of 1.25 parts
glass beads to one part silver chloride .under subdued 1ight
ing. After weighing-out the proportions, add the glass
beads and silver chloride granules to a common container
(preferably glass) along with a volume of water just equal
to ‘the volume of the silver chleride and the glass beads.
Stir the mixture manually with a spatula and distribute the
glass beads and silver chloride particles uniformily.
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Approximately 12.1 1n3(199 cm3)of packing are requ1red to
fill the annular space in the biological filter canister,
Prepare an additional 10 - 20% extra for contlngenc1es,

i.e., approximately 240 cm3.

) 4.2 Resin Preparation (item no. 20)

Measure out 400 ml of "as-received"™ Amberlite IR-45 (hydroxyl form)

and 450 ml of "as-received" Amberlite IR-120 (hydrogen form). Place

each resin in a separate 4 1 Pyrex glass beaker and treat as foll-
. OWS. :

4.2.1 Perform multiple extractions on each resin separately in
very high quality (2 to 3 megaohm) beiling deionized water.
Add S volumes of deionized water (ca. 2 liters) to the res-
ins in the Pyrex beakers and heat to boiling. Boil the mix-
ture for five to ten minutes, remove the beakers from the
heat source and allow the resins to settle. Decant the super}
natant liquid and repeat the extraction process at least ten
times or until all traces of color and .taste are eliminated

4.2.2 Mix the extracted resins, 47.5% by volume Amberlite IR-45
and 52. 7% by volume Amberlite ‘IR-120. Approximately 34.0 in?
(567 cm3) of resin are required ‘to fill the deionizer. Pre-
pare an additional_10-20% extra for cont1ngenc1es, i.e., ap-
proximately 680 cm3.

Mix 322 ml of Amberlite IR-120 and 358 ml of Amberlite IR-45
in a container -(preferably glass) along with a volume of
water just equal to the volume of resins. Stir the mixture
manually with a spatula and distribute the resins uniformily.

4.3 Prepare two Pyrex wools (itém no. 21) for the deionizer canister.

4.3.1 Soak a roll of Pyrex wool in deionized water.

4.3.2 Wet down a working surface with deionized water, unroll, and
" fold over the wet Pyrex wool into a pile onehalf inch thick.

4.3.3 Sandwich the one-half inch thick wet Pyrex wool pile between
two 316 stainless steel retaining screens (item no. 13).

4.3.4 Trim the Pyrex wool pile with a pair of scissors around the
periphery of the screens, about one-sixteenth of an inch
larger in radius than the retalning screens.

4.4 Prepare the lower Pyrex wool (item no. 21) for the biological fil-
ter canlister, using the retaining screen (item no. 22) and the fil-
ter cartridge (item no. 27) to facilitate the preforming.

4.4.1 Soak a roll of Pyrex wool in deionized water.

4.4.2 Unroll and fold over the wet Pyrex wool over the retaining
screen and the biological filter cartridge into a pile about
one-half inch thick.
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4.4.3

4.5 Prepare the upper Pyrex wool (item no. .21) for the biological fil-

Trim the Pyrex wool pile with a pair of scissors conically,
into a shape approximating the contour of the biological
filter canister.

ter canister.

4.5.1

4.5.2
"4.5.3

4.5.4

4.6 Biological Filter Cartridge Preparation (item no. 27)

- sheet metal, 2-3/4 inches outside diameter and 2 inches in-

Make two annular ring patterns from 1/16-inch thick aluminum
side diameter, to facilitate preforming the Pyrex wool.
Soak a roll.of'?yrex wool in deionized water.

Wet down a working surface with deionized water, unroll, and
fold over the wet Pyrex wool into a pile one-half inch thick

Sandwich the one-half 1nch thick wet Pyrex wool pile between
the two patterns.

Trim the Pyrex wool pile with a pair of scissors around the
periphery of the annular rings.

4.6.1

4.6.2

4.6.3

4.7 . Assemble. the -Biological Filter-Canister

_ionized water flow after 30 minutes and allow the unit to

Perform multiple extractions on the ’as-received" filter
cartridge to remove water - soluble manufacturing residues.
Place the cartridge in a3 metal pan with 2 to 3 liters. of
deionized water and heat to boiling. Remove the pan from
the heat source, drain off the water and air cool the car-
tridge. Repeat the extraction at least three times or unt11
no visible color.is detectable in the ‘hot water.

Install the filter cartridge in Pall Trinity Corporétion's
commercial housing, connect to a deionized water source and
flush at 0.25 to 0.5 gpm for 30 minutes. - Shut-off the de-

remain idle for 30 minutes. Drain-off the water in the
housing and determine the drained water's pH and specific
resistance. Repeat the flushing process until the pH and
resistance of the draining are in close agreement with the
values obtained for the deionized water used in the flush-
ing. -

Remove the filter cartridge from the commercial housing, B
and steam sterilize the cartrldge in an autoclave at 1150C
for 15 minutes.

4.7.1

4.7.2

Insert the O-ring spring (item no. 25). Rlace the O-ring
over the hub within the biological filter canister body
(1tem no. 16). :

Insert the spacer (item no. 26). Place the spacer over the
hub within the biological filter canister body.
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4.7.3

4.7.4

4.7.5

4.7.6

4.7.7

4.7.10

Insert the preformed lower Pyrex wool for the b1010g1ca1
filter canister; see 4.4. Adjust the fit of the Pyrex wool
pile by adding more Pyrex wool or by trimming away the ex:
cess Pyrex wool. )

Place the retaining screens -(item no. 22) over the previous-
ly prepared biological filter cartridge (see 4.6) outlet.

Insert the biological filter cartridge and retaining screen
subassembly (see 4.7.4). Put the filter cartridge outlet
over the hub within the biological filter canister body and
manipulate the cartridge down until it rests against the
washer. Check to be sure that an O-ring is supplied with
the filter cartrldge and that the O-ring is properly posi-
tioned in the O-ring groove on the filter cartridge outlet.

Load the annular space between the filter cartridge and bio-
logical canister body, under subdued lighting, with the pre-
viously prepared packing; see 4.1. Add the packing mixture
in 50 to 100 ml increments while tapping the outlet againmst
‘a hard surface and tapping the canister with a rubber mallet
When the packing is near. completlon, gently ram the mixture
with a rubber stopper (smaller. in diameter than the annulus)
fixed to a rod. Do not use any water irf loading the canis-
ter; if the canister contains water, the silver chloride
particles and glass beads will settle. to the bottom at dif-
ferent rates and produce stratification. Record the volume
‘0f packing used to fill the annular space on the assembly
log.

Place the preformed upper Pyrex wool on top of the packlng,
see 4.5. - Insert additional Pyrex wool to cover areas around
the pleats of the filter cartrldge. :

Insert the O-rlng (item no. 18) into the O-ring groove on
the flange of the biological filter canister body.

Compress the upper Pyrex wool (item no. 21) with the bio-
logical filter canister cover weldment (item no. 17), align
‘and hold it in compression in the position shown, insert
the six socket head cap screws (item no. 19), put-on the
six washers (item no. 10) on .the cap screws, screw-on the.
six self-locking nuts (item no. 9) and tighten to 19 + 2 in-
1b torque. Record the torques on the assembly log.

Connect the outlet of the biological filter canister to a
deionized water source to backwash the '"fines'" out of the
packing The inlet pressure during backwashing should not
exteed 3 psig. Analyze the effluent for silver content and
turbidity, to check that canister is saturating the deion- .
ized water with silver ion, and that the ''fines'" produced
during the loading are backwashed-out. Continue backwash-
ing until the effluent contains no 'fines' and the Ag* con-
tent is 1.0 - 1.3 ppm. - Record the final backwashing tur-
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Assemble the Deionizer Canister

bidity and Ag* content on the assembly log.

Disconnect the deionized water source from the outlet and re-
connect it to the inlet of the biological filter canister.
Shut-off the outlet and check for leaks at 30 psi. . Should
any leaks by found, they must be corrected. If the leak check
test has been passed, record that fact on the assembly log.
Depressurize, remove the water connections, and drain the
assembly.

‘ed to a rod. Do not use any water in loading the canister; if

Record the volume of resins used to f111 the canister body on

-Prepare the .upper Pyrex wool resin support subassembly by

Prepare the lower Pyrex wool resin support subassembly by sand
wiching a preformed Pyrex wool (see 4.3) between four retain-
ing screens (item no. 13), two screens on each face of the
Pyrex wool disc. :

Insert the lower preformed Pyrex wool resin support subassem-
bly(see 4.8.1)into the bottom of the deionizer canister body
(item no. 1).

Lcad the deionizer.canister body with the previously prepared
resin mixture; see 4.2. Add the resin mixture in 50 to 100 ml
incrégments while tapping the outlet against a hard surface

and tapping the canister body with a rubber mallet. When the
packing is near completion, gently ram the mixture down with
a rubber stopper (smaller in diameter-than the canister) fix-

the canister contains -water, the-Amberlite resins will settle
to the bottom at - different rates and produce stratification.

the assembly. log.

sandwiching a preformed Pyrex wool (see 4.3) between two up-
per retaining screens (item no. 12) and two lower retaining
screens (item no. 13).

Place the upper Pyrex wool resin support. subassembly (see
(4.8.4) on top of the resin bed.

Place the screen (item no. 7) on-top of the upper Pyrex wool
resin support subassembly.. ‘

Insert the O-ring (item no. 8) into the groove on. the flange
of the delonlzer canister body.:

Place the spring (1tem no. 29) on top of the écreen.

Compress the spring with the deilonizer canister cover (item
no.3), align and hold in compression in the position shown,
align and position the bracket (item no.4) with four holes

as shown, insert the six socket head cap screws (item no. 11
put on the. six washers. (item no.10), screw-on the six self
locking nuts (item no.9) and tighten to 19 + 2 in-1b torgue.
Record the torques on the assembly 1log.
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4.8.10 Connect the inlet of the assembly to a deionized water
source, shut-off the outlet, and check for leaks at 30 psi.
Should any leak be: found, they must be corrected. If the
leak check test has been passed, record that fact on the as-
sembly log. Depressurized, remove the water connections but
do not . drain the assembly. o

4.8.11 Attach the identification label and flow direction label at
the location shown on the drawing with adhesive No. EC2216.

NOTE: ‘Perform the Deionizer Test Requirement (3098-TR-3300) at

— - this point and then after completlon continue with Biologic-
al Decontamlnatlon

Biological Decontamlnatlon of the Assembly

Long term (18-24 hours) exposure to pasteurization températures is
the decontamination technique., The equipment required is as fol-.
lows: (1) a constant temperature watexr bath with an agitator, (2)
a coil of 304 stainless steel, 1/4-inch OD tubing with an equival-
ent linear length of 30 ft, (3) a washed and sterilized biological
filter, and (4) a length of steam sterilized silicone rubber tub-

ing. The biolggical filter, silicone tubing and the coil are con-
nected together and steam sterlllzed as a unit. .

AN

4.9.1 Connect the b1010g1ca1 filter inlet to a deionized water
source and connect the biological filter* outlet to the coil
with silicone rubber. Run deionized water through the fil-
ter, silicone rubber tubing and the coil at about 0. 5 gpm to
dlsplace any trapped air.

4.9.2 Connect the coil outlet to the canister assembly inlet with
~ silicone rubber.tubing and connect another length of sili-
cone rubber tubing to the canister assembly outlet.

4.9.3 Immerse the coil and the canister assembly in the water

bath, and route the silicone rubber tubing connected to the

canister outlet to a convenient drain.

4.9.4 Turn on the deionized water source and regulate the water
flow down to 35 ml/min. Adjust water bath controls to .main-
tain a temperature 180 + 30F.

4.9.5 After 24 hours of exposure, remove the coil and canister as -
sembly from the water bath, and allow the assembly to cool.

"4.9.6 Record pasteurization (sterilization) time and temperature

on the assembly log.

4.10 Weigh § Storage Preparation

4.10.1 Weigh the assembled Deionizer/Bacteria Filter Assembly on a
balance with accuracy of better than + 0.1 1b. Record the
weight on the assembly log.
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4,10.2 Perform the acceptance tests per Test Requirement Document
No. 3098-TR-2500. Record completion of that test on the
Assembly log. ' '

4.10.3 Place appropriate caps over the cpv; éonnector .or MDV and
. put the assembly into finished-component storage.

4.10.4° Sign and date the assembly 1log.
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~42.0 Parts List: This assembly is comprised of the sub-assemblies and parts
_/' .

1.0 Scope: This procedure document describes the assembly of a bladder-type
Tiquid-waste tank, which is designated SSP Component No. 561. The
assembly is shown by Drawing No. 3098-R-6100.

shown on P/L No..3098-PL-6100.

3.0 Tools § Instruments: Only normal and customary assembly tools and meas -
uring instruments are required. An air compressor with a tank and a reg-
ulator adjustable to maintain 6 ¢+ 1 psi on an output tube is required.

-

4.0 Procedure:

4.1 Piston Assembly

4.1.1 Note the printed markings on the rolling diaphragm (item No.
14) to determine which side is to face the piston. Reverse
the diaphragm if necessary to put the piston side in the cavi-
ty (or concave surface). Record orientation on assembly log.

4.1.2 Slip the diaphragm over the piston (item No. 13), and élign
the inner set of twelve holes with the piston holes.

4.1.3 Locate the ring (item No. 17) and the plston head (1tem No.
19) as shown on the assembly drawing.

4.1.,4 Install twelve each of the following fasteners only finger
tight and in the orientation shown: screws, (item No. 20)

: seals, (item No. 18)

washers, (item No. 9)

nuts, (item No., 16)

4.1.5 Measure, with a steel rule, the concentricity of the piston
head with the 0.D. of the diaphragm, by measuring the distancg
by which the head overlaps the diaphragm. Adjust the concen-
tricity to within 1/64-inch and tighten two diametrically
opposed screws to 10 in-1b torque. Recheck concentricity and
record on assembly log.

4.1.6 Tighten all twelve screws to 19 * 2 in-1b torque in the

: following sequence. .Select one sérew as the datum and mark
it by placing a piece of drafting tape near its hole; tighten
the datum screw to the specified torque. Count five screws
clockwise and tighten the fifth screw. Repeat the five-screw
count always moving clockwise from the last screw tightened
until all twelve screws are tightened to the specified tor-
que. Remove the tape identifying the datum screw. Record
torque on the assembly log.

4.1.7 Slip the Teflon bearing (item No. 12) onto the guide rod
weldment (item No. 4). Assemble the bearing retainer (item
No. 11) cap screw and washer. (items No. 9 § 10) to the guide |
rod as shown on the drawing. Tighten the screw to 19 * 2 in-
1b torque. Record torque on the assembly log. )
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4.2 Body Assembly

4.1.8 * Assemble the guide rod to the inner side of the piston head as

4.

4.

1

2.

.2.

.9

1

"the bore of the hexagonal bar centrally located with the body.

shown on the assembly drawing. No particular orientation
between the rod and head is necessary. Insert the rod into
the head hole, place one of the two split rings (item No. 21)
behind the head flange and'engage two screws-and washers
(items No. 9 § 10) finger tight. Repeat for the other split.
ring and two fasteners.. Tighten four screws to 19 * 2 in-1b
torque .and record measured torque on the assembly log.

Check concentricity of rod to piston by measuring with a steel
rule the radial distance from the rod 0.D. to the piston 0.D.
at several locations at the plane of the piston open end. All
measurements must be within 1/32-inch of each other. Record
measurements. ' ' '

4.1:9.1 Should the measured eccentricity fall within the tol-
erance, no further adjustment is necessary.

4.1.9.2 Should the eccentricity exceed the tolerance, mark

' the location of the shortest measurement, loosen the
four flange screws and place stainless steel shims
between the rod flange and head flange at the radial
location corresponding to: the minimum mark.  Re-
measure eccentricity and repeat, if necessary.
Record only final (acceptable) ecltentricity on assem-
bly log, and the four-bolt tightening torque.

Insert the piston assembly into the bottom cap weldment (item
No. 3) in the orientation shown on the drawing; note that the
MDV is located 900 from the centerline in which is located the
two hooks on the rod assembly. Any minor angular adjustment
between the head weldment and piston assembly to align the
head flange holes with the diaphragm holes may be performed
by rotating the head relative -to the piston. (This adjustment
will affect the perpendicularity of the quantity gage cables
only).

Place the head/piston assembly onto the can body weldment

(item No. 2) in the orientation shown on the drawing. Note
that the MDV on the head.is located parallel to the handle
centerline. The bearing on.the piston assembly will slip into

Locate the diaphragm between the head and body flanges and
insert twelve screws, washers and nuts (items No. 9, 15 & 16)
in the orientation shown. Tighten the twelve screws to

19 * 2 in-1b by the same sequence (every fifth screw counting
clockwise from the datum screw) explained in 4.1.6. Record
measured torque on the assembly log.

<
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Reaching into the open end of the body grip the rod and move
it full stroke against the stop formed by the rod flange and
the hexagonal bar. Observe the convolution of the rolling
diaphragm as the stroke 1s fully traversed several times; the
convolution must remain smoothly formed and roll without bind-
ing in either direction. 1If binding occurs or if a non-
uniform convolution develops as the piston is moved, a design
modification might be necessary. Consultation with the
project engineer is recommended. Record on the assembly log
whether or not. the piston-motion was smooth originally, and
if not, what corrective measures were taken. :

Connect the compressed air line to the MDV and slowly pressur-
ize the chamber between the head and the piston to 6 * 1 psig.
The piston will move away from the end with the MDV and stop
at its full stroke. Submerge the tank in tap water . and look
for air bubbles indicating a leak.- ‘Fill the back side of the
piston with water, up to the upper-most surface of the convo-

. lution and look- for bubbles indicating a leak. Potential leak

points are as. follows, with corrective measures explained.-

Leak Location Correction
through diaphragm : feplace diaphragm
at head/piston flange inspect and/or replace diaphragm

or head or piston
at head/body flange inspect and/or replace diaphragm,
check and remove dirt at inter-
face, check flange flatness
through head/piston screws replace seal (item No. 18)

through head . check: head for cracks or frac-
tures - replace head

Should any leaks be found they must be corrected before fur-

- ther assembly. When leak check has been successfully passed,

record that fact on assembly log, empty and dry the tank and
release the air pressure. Do not disconnect the air line from
the MDV. '

Install the cable assembly (item No. 5). Note that the female
connector is to be sealed to the can.boss, and that the male
connector need not be sealed.

Wipe clean the large diameter groove in the body flange and
lay-in the O-ring seal (item No. 8).

Place the end cap weldment (item No. 1) over the open end of

tank; no particular circumferential orientation is necessary.
Install the over-center latch (item No. 6) with the handle in
the position shown on the drawing.
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4.2.8°

4.2.9

Connect a tee from the compressed air line on the MDV to the
CPV fitting protruding from the tank body, and increase the
pressure inside the tank assembly to 6 ¢ 1 psig. Submerge the
entire tank and look for air bubbles indicating a leak.

‘Potential leak points are as follows, with corrective measures

explained. _ .
Leak Location . Correction
under latch check and/or replace O-ring, re-

check groove for nicks
around electrical connector replace connector seal
through metallic wall - disassemble and re-weld
Should any leaks be found, they must be corrected before fur-
ther assembly. When leak check has been successfully passed,
record that fact on assembly log. Depressurize and remove air
lines, then drain and dry the tank assembly.

Attach the identification label (item;No. 7) at the location
shown on the drawing, and with adhesive No. EC2216.

4.2.10 Assemble 4 captive.fasteners (item No. 22) into the holes as

shown on the drawing. Crimping tool from Deutch to be used

according to manufacturer's instructions.

4.3 Weigh § Storage Preparation

4.3.1

Weigh the assembled tank on a balance with accuracy of better .
than *0.1 1b. ‘"Record ‘the weight. on the assembly log.

Perform the acceptance tests per Test Requirement Document No.
3098-TR-6100. Record completion of that test on the assembly
log.

Place appropriate caps over the CPV connector and MDV and put
assembly into finished-component storage

Sign and date the assembly log.
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Scope : This procedure document describes the assembly of a Vapor Compres

sion Vacuum Distillation Unit which is designated SSP Component No. 591.
The assembly is shown by Drawing No. 3098-R-5100.

Parts List: This assembly is comprised of the sub-assemblies and parts

Tools [ Instruments: The normal and éustomary assembly tools and measur-

0
shown on P/L No. 3098-PL-9100.
0
number <
4.0 Procedure:

ing instruments are supplemented with special assembly fixtures and tools
which are listed on the parts list. These tools can be distinguished
from the regular parts by the add1t10n of a "-T" suffix on the part

4.1 Compressor Assembly
4.1.1 Initial Assembly Onlx .
Driver Compressor Rotor Assembly,

Assemble the compressor rotor, (item No. 64)
Bearing, . (item no. 66)
Driver Timing Gear, (item no. 70)
Square Key, -(item No. 71)
Timing Gear Retainer, (item no. 73)
Drive Magnet, (item no. 93)
Washer, A (item no. 126)
Spacer, (item®no. 127)
Coupling, (item no. 129)
Screw, ‘ . (item no. 130)
Four Screws, (item no. 131)
and Roll Pin " (item No. 157)

as shown in the assembly drawing. Tighten the four screws

- (item no. 131) to 80-90 in-lbgtorque. Record torques on the
assembly log. Tighten the screw' (itme no. 130) to-50-60 in-
1bs torque. Record torque on the asembly log. Dynamlcally

balance this assembly to + 0.1 gm-cm € 3300 rpm by removing

material from the flats on the compressor rotor. Record the
balance -on the assembly log. Mark the location of the drive
magnet with respect to the compressor rotor shaft exten51on

Disassembler-and clean.

4.1.2 Press the compressor rotor bearings (item no. 66) into the
motor end compressor cover (item no. 67).

- 4.1.3 Press the short compressor rotor (item no. 65) and washer
(1tem no. 126) into. the bearing bracketed by four lubrica-
tion ports in the motor end compressor cover assembly as
shown on the assembly drawing. Press the long compressor
rotor (item no. 64) and washer into the remaining bearing of
the cover assembly as shown on the. assembly drawing.

4.1.4 Install the compressor housing (item no. 63) to the motor
end compressor cover assembly. Align the lubrication ports
in the cover and housing. As viewed from the housing end,
with the lubrication ports on the lower half of the assembly”
the compressor outlet (i.e., sguare hole in hou51ng) should
face right. Install four.screwsh(ltem no. 53) through the
cover into the housing and loosely tighten.
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4.1.5

4.1.6

4.1.7

Initial Assembly Only

Place 1-5/8 inch square shims between the compressor rotors
and housing as shown in Figure AS-591-1. 1Install the shaft
end compressor cover (item no. 49), aligning the lubrication
ports, with four screws (item no. 53).and loosely tighten.
Press the compressor rotor bearings (item no. 50) into the
compressor cover and rotor assembly as shown on the assembly
drawing. Tighten all screws (both sides) to 40 - 50 in-1bs
torque. Mask the.bearings to keep out metal chips. Drill
15/64 diameter through four existing 7/32 diameter holes in
the cover/plates (two holes in each plate placed diagonally).
Drill to 3/8 depth in the housing. Ream the four holes to
.250/.251 diameter. Press in four dowel pins (item no. 54).

Install timing gear retainer (item no. 73), driver timing
gear (item no. 70) and the driven timing gear (item no. 72)
onto the keyed stub shafts of the compressor rotors .as shown
in figure AS-591-2. Note locations of keyways with respect
to gear timing marks. Install keys (item no. 71) in the
shafts as shown on the assembly drawing. Check gear timing
marks and locate the matching teeth on center. Install four
screws (item no. 131) in the driven timing gear as: shown in
the assembly drawing. Torque to 80 - 90 in-1lbs. mask the
gear and bearing faces. Drill a 3/32 diameter hole by 9/16
min. deep - do not drill thru - in the dfiven timing gear in
the location shown on Figure AS-591-2. Insert roll pin
(item no. 160) in the hole. Disassemble to the level of
paragraph 4.1.4 except leave the dowel pins in the housing.
Remove the bearing masking and shims. Clean out all metal
filings from the drilling operationms.

Place "O" ring (itém no. 56) in the groove of the relief
valve poppet (item no. 55).

Install sleeve bearing (item no. 153) in the relief valve
body (item no. 57). Lubricate the i.d. of the sleeve bear-
ing with a thin layer of Krytox 240 AC (Item no. 158). In-
sert the spring (item no. 58) and poppet assembly into the
valve body assembly and install in the shaft end compressor
cover (item no. 49) with two screws (item no. 59). Tighten
the screws (2) .to 10 - 12 in-1bs torque. Record torques on
the assembly log. Place the cover assembly in a position
such that it is horizontal and the relief valve poppet is
exposed. Place weights on the poppet to determine the crack-
ing pressure of the valve. Should the valve notcrack within
the specified limits. (ref. Assembly log), disassemble and adf
just the spring or replace. Record weights needed to crack
the valve on the assembiy log and also screw torques if it
was disassembled for spring adjustment.

Install the shaft end compressor cover.assembly to the com-
pressor housing assembly aligning the dowel pins and match-
ing holes. Press the compressor rotor hearings (item no.
50) into the compressor cover and rotor, assembly as shown on
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COMPRESSOR SHIM PLACEMENT

(Ref. Para.

4:1.5)

-—.003"/.008" -

——Shim (equal to
llA" Shim)

Comp. Rotor
- IItem No. 64)

)

. 7 Comp_Housing
\:.'/—- (Item No.. 63)*

.003"/.008"
_Shim ("A")

.006"

Shim

Van)
\

Figure AS-591-1

. Lubrlcatlon
Ports"'“““ I

__Comp. Rotor.
- {Item No. 65)

——006". Shim
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GEAR TIMING PROCEDURE

(Ref. Para. 4.1)

Figure AS-591-2

Comp. Cover
(Item no. 67)

Roll Pin
[Item No. 160)

Driver Timing Gear
(Item no. 70)

Timing Marks

Driven Timing Gear
(Item No. 72)

Lubrication Ports
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N

4.1.9

4.1.10

4.1.11
4.1.12

4.1.13

4.1.14

'still remains consult the project engineer for corrective

the assembly drawing. Install four screws (item no. 53) and
tighten to 40 - 50 in 1bs torque. Tighten the screws (4) on
the motor end compressor cover to 40 - 50 in 1lbs torque. Re-
cord torques on the assembly log.

Lubricate the four compressor rotor bearings with the specif-|
ied lubricant (item no. 159).

Rotate the compressor.rotors by hand to check for any binding
If one or both rotors do.not seem to rotate freely, disassem-
ble to the level of paragraph 4.1.7. Check individual bear-
ings for possible binding -and replace them if necessary. 1If
binding or scraping occurs between the rotor and housing and/
or cover consult with the project engineer for corrective _
action to be taken. Record on the assembly log when they are

running freely.

Install the bearing covers (item.no. 51) on the shaft end
compressor cover with six screws (item no. 52) tightened to
S - 6 in 1bs torque. Record torques on the assembly 1og

Install the bearing covers (item no. 68) on the motor end
compressor cover with six screws (item no. 52) tightened to
S - 6 in 1bs torque.. Record torques on the assembly 1log.
Assemble the long compressor rotor (item no. 64) in the com-
pressor assembly with the driver timing gear (item no. 70),

square key (1tem no. 71).
timing gear retainer (item no. 73),
drive magnet (item no. 93),
spacer . (item no. 127),
coupling (item no. 129),
screw (item no. 130),
four screws (item no. 131),
and roll pin (item no. 157)

as shown on the - assembly drawing. Align the mark for the
drive magnet with a corresponding mark on the compressor
rotor shaft extension. Tighten the four screws (item no.
131) to 80 - 90 in 1lbs torque. .Record torques on. the assem-
bly log. Tighten the screw (item no. 130) to 50 - 60 in 1bs
torque. Record torque on the assembly log.

Rotate the compressor rotors by hand to check. for any bind-
ing. If one or both rotors do not seem to rotate freely,
check for proper seating of all bearings and the correct
torque on the screws. If binding and/or rotor lobe scraping

action.
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4,2 Magnetic Drive Assembly

.3

4.2.1

Demister Assembly

Press bearing (item no. 97) into the compressor side of the
drive magnet housing (item no. 99). Lubricate the bearing
with fluorinated grease (item no. 158). Screw in the retain-
ing ring (item no. 109) such that the raised 1ip faces the
bearing. Tighten with a spaner to 120 - 130 in-1bs torque.
Record torque on the assembly log.

Install bearing retainer .(item no. 96) into the magnetic
housing assembly as shown in the assembly drawing.

Install the drive magnet (item no. 103) into the magnetic
housing assembly as shown in the assembly drawing.

Install the bearing/magnet retainer (item no. 98) into the
magnetic housing assembly as shown in the assembly drawing.
Align the screw holes in the bearing/magnet retainer and the
bearing retainer. Align the rollpin hole with the groove in
the drive magnet and install the roll pin (item no. 157)
being careful not to damage the.drive magnet during instal-
lation. Install_three:screWSj(item~n0;7%04);1%Lth§,b?ar§ng/
magnet retainer and loosely tighten. ‘ '

Press bearing (item no. 97) into the magnetic housing assemb-
ly as shown on the assembly drawing. Lubricate the bearing
with fluorinated grease (item no. 158).

Remove the screws in the bearing/magnet retainer and install
the bearing plate (item no. 134) and re-install the screws
as shown on the assembly drawing. Tighten the screws to 5 -
6 in-1lbs torque. Record torques on the assembly log.

4.3.1

4.3.3

Install three pieces of threaded rod (item no. 10) into the
demister housing (item no. 4) and fasten with self locking
nuts (item no. 8) as shown in the assembly drawing.

Pierce 1/8 diameter holes in the demister mesh (items nos.
17, 145, 146 § 147) corresponding to the threaded rod in the
demister housing. Place the mesh and the baffle plates
(items nos. 5, 6, 7 § 111) in alternate layers over the
threaded rod in the demister housing as shown in the assembly
drawing. ‘

Install three lock nuts (item no. 8) on the threaded rod and
tighten until mesh layering is snug. Place the demister end
housing (item no. 11) .on the demister assembly and check for
interference. Tighten the threaded rod nuts on the end hous-
ing side if necessary. Loosen the threaded rod nuts on the
main housing side if necessary to maintain the approximate
clearances shown on the assembly drawing.. Remove the demis-
ter end housing slightly and install "O" ring (item no. 21)
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4

.4

Bowl Drive Assembly

.3,

4

in the main housing. Install demister housing and clamp to
main housing with eight screws (item no. 9) and nuts (item
no. 8). Tighten screws to 5 - 6 in-1bs torque. Record
torques on assembly log.

Install sleeve bearing (item no. 19) and retainer nut (item
no. 12) to the demister assembly as shown on_the assembly
drawing. Tighten nut to 90 - 100 in-1b§ torque. Record
torque on assembly log. '

4.

4.

1

assembly log. Lubricate tlhe bearing in the support assembly

Install washer (item no. 126), driven timing gear (item no.
733, and key (item no. 71) on stub shaft of compressor rotor
(item no. 65). Match timing marks on the driven timing gear
with the driver timing gear as shown on figure AS-591-2.

Install the locating flange (item no. 74), bowl drive pinion
(item no. 75), holding plate (item no. 149) and screws

[items nos. 150 § 151). Tighten the two holding plate screws
to 3 - 4 in-1bs torque. Record torques on the assembly 1log.
Align the locating flange screw clearance hole with the tap-
ped hole on the timing gear. The locating flange should be
tightened to a maximum of 40 in-1bs torque. Releasée and bacy
off to align holes. Do not over tighten>to match holes.

Install two'fransmission plates (item no. 79) to the compres-
sor assembly (ref para 4.1), aligning the lubrication ports,
with four screws (item no. 80) and loosely tighten.

Lubricate the gears with Unitemp grease (item no. 159).

Install the two spacer plates (item no. 77) to the compressoi
assembly with four screws (item no. 78) and tighten to 5 - 6
in-1bs torque. Record torques on the assembly log. Tighten.
the screws (4) holding the transmission plates to the com-
pressor assembly to 40 - 50 in-1bs torque. Record torque on
the assembly log. -

On the bowl drive support (item no. 83) find the face on the
hub that is flush with the same face on the support's spacer
block. . Press a bearing (item no. 138) into that face.- As-
semble the rotating shaft (item no. 135), gear belt pulley.
(item no. 137) and clamp plate (item no. 142), with four
screws - (item no. 141) as shown on the assembly drawing.
Tighten the screws to 3 - 4 in-1lbs torque. Record torques on

with Unitemp grease (item no. 159). Press the rotor assembly
into the support assembly. Install the .bearing spacer (item
no. 139) as shown in the assembly drawing and press the othej
bearing (item no..138) onto the assembly as shown on the as-
sembly drawing. Lubricate ‘this bearing with Unitemp grease
(item no. 159). Also install washer (Item no. 125), O-ring
pulley (item no. 136) and key (item no. 163)and tighten to-
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4.4.7

4.4.8

4.4.10

“ (item no. 94) as shown on the assembly drawing and tighten

gether with nut (item no. 140). Tighten the nut to 17 - 21
in-1bs torque. Record torque on assembly log.

Attach the bowl driver assembly (ref. para 4.4.6) to the
transmission plate portion of the compressor assembly with
two screws (item no. 82). . Align the faces of the two assem-
blies so that they are flush. Tighten the screws to 40 - 50

in-1bs torque. Record torques on the assembly log. T __ .

Install the gear belt (item no. 84) onto the gear belt pulley
and bowl drive pinion as shown on the assembly draw1ng

Install "O" }1ng (item no. 95) in the stationary bowl locat-~
ing manifold (item no. 86) as shown on the assembly drawing.

Position the magnetic coupling sleeve (item no. 92) over the
magnetic drive assembly (ref. para 4.2) as shown on the as-

sembly drawing. Install this subassembly on the stationary

bowl locating manifold (ref. para 4.4.8) with six screws

loosely. Assemble the compressor/bowl drive assembly .(ref.
para 4.4.7) to the. opposite side of the locating manifold: as
shown on the assembly drawing with four screws (item no. 81)
and sealing washers (item no. 128) and tighten loosely. Po-
sition the long compressor rotor/magnetic:.drive shaft in the
magnetic coupling sleeve by movement of either or both sub-
assemblies so that there is equal clearance of the rotor
shaft in the coupling sleeve for one full revolution. Tlghtw
en the magnetic drive assembly screws to 17-21 in-1bs torque.
Tighten the compressor/bowl drive assembly screws to 40-50 in
1bs torque. Record both torques on the assembly log.

Rotate the drive. rotor of the magnetic drive assembly slowly.
The compressor should rotate now also. If the compressor
does not rotate check for the following case/remedy relation

ships.
Fault Remedy
Binding in Compressor See para 4.1.14

Binding of Rotor-Shaft Place a .010 shim in the gap be-

in Sleeve Coupling tween the rotor shaft and coupling
sleeve. If the shim does not fit,
loosen the main subassembly screws
and reposition the rotor shaft. If
binding still occurs, remove and
check dimensional parameters for
part compatibility.

Lack of Drive Coupling Check for engagement of drive lock-
ing pins (item no. 157)

Reassemble the magnetic/drive compressor/bQﬁT‘drive assembly
recording screw torques on the assembIX.fbg ‘as indicated.

/ ~4:_ L
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4.5

Bowl Assembly

4.5.1

4.5.3

~r1ng seats on the bearing O.D. as shown on the assembly draw}

.shaft as shown on the assembly drawing. Tighten the nut to

. shown on the assembly drawing.

Position the magnetic drive/compressor/bowl drive assembly
such that the stationary bowl locating manifold is. horizont-
al with the magnetic drive assembly facing down. Remove the
seals on the bowl bearing (item no. 46) and lubricate with
fluorinated grease (item no. 158). Replace the seals and in-
stall.on the still stationary shaft (item no. 1). Install
‘the bearing retaining nut (item no. 3) on the stationary
shaft as shown on the assembly drawing and tighten to 120 ft
1bs maximum. Record torque on the assembly log.

Position the still stationary shaft onto the compressor cove}
plate as shown on the .assembly drawing. The evaporator pres{
sure tap (1/8 dia right angle tube) should be placed over
the compressor outlet. Align the clearance holes and install
six screws (item no. 48).and tighten to 40 - 50 in 1bs
torque. Check for perpendicularity (and proper seating) of
the shaft and locating manifold with a level gauge. Record
screw torques on the assembly log..

Assemble the bowl (item no. 24), speed sensor pickup (item
no. 121) and bowl follower (item no. 61) with screws and lod
nuts (items noss 123 § 124) as shown on the assembly drawing.
Do not tighten the screws. Insert an "O" ring (item no. 47)
on the i.d. groove of the bowl. Place three bowl drive "O"
rings (item no. 62) over the compressor and lay on the lo-

cating manifold. Lower the bowl assembly over the station-
ary shaft and onto the main shaft bearing so that ‘the "O"

ing.

Place an "0" ring (item no. 13) on the 0.D. of the bowl
inner hub as shown on the assembly drawing. Lower the dem-
ister assembly (ref para 4.3) over the stationary shaft and
position on the bowl hub as shown on the assembly drawing.
Align the demister clearance holes with the hub and install
three screws (item no. 9). Tighten the screws to 5 - 6 in-
l1bs torque. Record torques on the assembly log.

Install a male connector (item no. 144) in the stationary
140 - 160 in-1lbs torque. Record torque on the assembly log.

Install a roll pin (item no. 162) in the stationary shaft as

Assemble three "O" rings (item no. 161) in the feed liquid
distributor (item no. 22) as shown on the assembly drawing.
Be careful to install the "0% rings in their proper groove
and not a feed line passage. Install the liquid distribu-
tor over the stationary shaft, seating on the shaft step
and aligning the roll pin (ref para 4.5.6) with a groove in
the distributor hub.

|
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4.5.8 Install an "O" ring (item no. 110) in the recycle coupling
(item no, 148) as shown on the assenbly drawing. Install the
recycle ‘coupling into theé liquid distributor (ref. para
4.5.7) and position as shown on the assembly drawing. In-

SN _ ) stall three screws (item no. 102) and tighten to 5 - 6 in-

- - - 1bs torque Record torque on the assembly log

4.5.9 Install connectlng tubing (item no. 143) to the male connec-
'~ tor on the stationary shaft and the recycle coupling as
shown on the assembly drawing: Secure it with a spring clamp
(1tem no. 122) at each end -

4.5.10 Install an "O" ring (1tcm no. 26) in the top face of the bowl
collection trough as shown on the assembly drawing.
\ . .
4.5.11 Lubricate a bearing (item no. 23) with the specified lubri-
' cant (item no. 158) and press into the bearing -collar (item
no. 29). Press the bearing collar assembly onto the station-
-ary shaft assembly as shown on the assembly drawing.

4.5.12 Attach the bearing collar retainer (item no. 27) to the bear-
ing collar (ref. para. 4.5. 11) and secure with screws (item
no. 28) tightened to 5 - 6 in lbs torque. Record torques on

the assembly 1og .

4.5.13 Place the condneser bowl (1tem no. 39) over the stationary’
shaft and onto the inner bowl assembly as shown on the as-
sembly draW1ng - Be certain that the lower condenser bowl
portion is completely over its mating portlon on the inner
bowl. Align the clearance holes of the bearing.collar with
those of the condenser bowl and instdll six screws (item no.
25) through to the inner bowl collection trough. Tighten to
5 - 6 in-1bs torque. - Record torque on the assembly log.

~4.5.14 Install tubing (item no."101) on the evaporator pressure tsp

(ref. para 4.5.2) and the matching tap on the leccating mani-
fold. Secure with a sprlng clamp (item no. 122) at each end.

4.6 Speed Plckup Assembly

4.6.1 Place a height guage with a dial indicator on the locating
- manifold face and adjust'the speed sensor pickup (ref. para.
4.5.3) so that it is concentric to the bowl rotation +.003.
Tighten the twelve screws and nuts to 5-6 in-1lbs torque. Re-
cord concentricity and toroues on the assembly lcg.

4.6.2 Place the three drive "0" rings (ref. para. 4.5.3) over their
respective grooves in the bowl follower and 'O'" ring pulley
assemblies as shown on the assembly drawing.

4.6.3 Initial Aésembly Only. Cut the lead wires of the magoetic

' speed sensor (item no. 112) to 4- 1/2 + 1/2 inchesv Trim and
ORIGINAL PAGE IS crimp onto the proper connections of the cor,mectqr (item no.
OF POOR QUALITY] 117) according to drawing no. 3098-B-7301. ° ,
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4.6.4

.) | 4.6.5

4.6.6

" speed sensor pickup:.  Tighten the jam nut to 40-50 in-1bs

4.7 'Outer Bowl Assembly . .';‘_ _ o S

Install. the soocd sensor nountlng bracket (item no. 154) to
the locating manlfold with four screws (item no. 155) as
shown on the asscmbly drawing. Tighten the screws to 5-6 in-
1bs torque. Record tozques on the assembly log.

Place a gasket (item no. 116) under the flange of the connec-
tor assembly (ref. para. 4.6.3) and install the connector to
the motor side face of the locating manifold as shown on the
assembly drawing.  Tab positioning of the connector is irrel-
evant. Secure the connector with four 'screws (item no. 115)
tightened to 3- 4 in- lbs torque. Record torques on the assem-
bly 1log. R : ' SR .
Twist the magnetic speed sensor clockwise approximately six
turns to allow for reverse twist while installing. Screw .
the speed sensor into the speed sensor mounting bracket as
shown on the assembly drawing. Install a jam nut (item no.
114) to the magnetic speed sensor. Tighten the speed sensor
so that it is .002/.005 inch from the closest tooth on the

torquez - Record torque and clearance on the assembly 1og

4.7.1

4.7.7

ORIGINAL PAGE IS
OF POOR QUALITY!

'11qu1d line passage

‘¢f the condenser bowl with the condensate pickup facing out.

Place the spacer (1tem no. 31) over the s‘tationary shaft onto}|
the bearing. : .

Install four "O" rings (item no. 33) in the distributor hub
(item no. 32) as shown on the assembly drawing. Be careful
to install the "O" rings in the1r proper groove and not a

Install the dlstrlbutor hub assembly onto the still station-
ary shaft as shown on the assembly drawing. Slightly com-
press the condensate pickup tube so that it fits into the.
condensate collection trough.

Place the end plate (item no. 40). onto the ccllection trough

Align the clearance holes and.secure. with twelve screws. (iten
no. 41). No mounting orientation is required. Tighten the
screws uniformly to 5-6 in-1bs torque. Record torque on the
assembly log. : :

Place an "O" ring (item no. 85) in the manifold face of the
staionary bowl (item no. 42) as shown on the assembly drawing

Place an "O" ring (item no. 37) in the o.d. groove of the
distributor hub as shown on the assembly drawing.

Assembly the stationary bowl over the distributor hub as
shown on the assembly drawing. Position the bowl so that,
with respect to View C-C of the assembly drawing, the mount-
ing feet on the bowl face towards the "SSP floor'. Align thd
hub mounting tlearance holes and secure with six screws (iter]

, . , CODE IDENT. [oi4z:
A CHEMTRIC, Ine. | Sagl o %
C v d =21 iy * [{4958] oF _u
72 9330 WILLIAM STREET e  ROSEMONT, IL. 60018 - —
TITLE ~ Assembly Procedure SPEC.NOQ 3)95-As- 9100 fREV ___
VACUUM DISTILLATION UNIT (591)° ’ T DATE




Caidanty SR pLE e LAY, A TG LAY T ~

N

4.

8

4.7.8

External Assemblx

" cure the clamp with its nuts (2) and tlghten loosely.

no. 38) tightened to 5-6 in 1bs torque. Record torque on
the assembly 1log. :

Place the clamp (item no. 108) on the mating flanges of the

locating manifold and stationary bowl. Position the bowl to
the locating manifold as-shcown on the assembly drawing. Se-

.

4. 8 1

. screw$s, washers and nuts (items no 44, 69 § 60). Tighten the

~ assembly 1og

- Attach fhé MDV mounfing'asééﬁbly (1tem no. 215) to the sfaﬁ

distributor hub as shown on the assembly drawing. Tighten

Attach the rlght hand rail (1tem no. 213)'t6>the stationary
bowl ‘as shown.. on the assembly drawing. Secure with two

nuts loosely.

Attach the left hand rail (item.no 212) to the locating man-
ifold with two spacers and lock nuts (items no. 152 & 89) as
shown ‘on the assembly drawing. Loosely tlghten the nuts.

tionary bowl as shown on the assembly drawing. Secure with
three screws and lock nuts (1tems nos. 255 § 256). Loocsely
tlghten the nuts. T

Install six "O" ring male conhectors (item no. 36) into the

the connectors to 100 ft-1bs maximum torque. Record torque
on the assembly log. :

Install the hub/condensate tubing (item no. 241) into its.
corresponding fitting on the distributor hub. Tighten the
hub fitting :nutto 30 ft-lbs maximum torque. Record torque
on the assembly log E ~

Install the hub/feed tubing (item no. 228) into its corres-
ponding fitting on the distributor hub. Tighten the hub
fitting nut to 30 ft-1lbs maximum torque. Record torque on -
assembly log. '

Install_thé'hub/purge tubing (item no. 227) into its corres-
ponding fitting on the distributor hub. Tighten the hub
fitting nut to 30.ft-1bs max1mum torque. Record torque on

Install the hub/recycle tubing (item no. 231) into tis cor-
responding fitting on the distributor hub. Tighten the hub
fitting nut 30 ft-1bs maximum torque. Record torque on .
assembly log.

Align the condensate, feed, purge and reéycle»tubing assemb-
lies from the distributor hub to their matching CPV fittings
on the MDV mounting assembly Loosely tighten the CPV union
nuts. ’ e

e
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4.8.10

4.8.11

4.8.12

4.8.13

" maximum torque. Record torque on assembly log. Assemble a

- 4.8.14

4.8.15

4.8.16

" (item no. 260) to the transducer mounting bracket as shown

Install component 571, the 11qu1d level SWltLh (1tem no. 259‘
to the transducer mountlng bracket as shown on the assembly
drawing. Secure with four screws (item no. 254) tightcned teo
17-21.in-1bs torque. Record torque on the asscmbly log.

Install component 910, the absolute pressure transducer

on the assembly drawing.. Secure with two transducer mounting
brackets (item no. 252), two mounting gaskets .(item no. 253)
and four screws (item no. 254). Loosely tighten the screws.

Install component 911, the differential pressure transducer
(item no. 261) to the transducer mounting bracket as shown
on the assembly drawing. Secure with four screws (item no.
254) tightened to 17-21 in-1bs torque Record torque on the
assembly log.

Install three adapters.(item no. 249) to components 910 and
911 as shown on the assembly drawing. Tighten to 50 ft-1bs

right angle elbow (item no. 246) to the outer fitting on com-
ponent 911 and connect it to the 910/911 tubing (item no.
245) .  Assemble a tee (item no. 247) to the fitting on com-
ponent 910 and connect.to the tubing from component 911.
Tighten the nuts (4) on the 910/911 tubirg connection to 50
ft-1bs maximum torque. Record torque on the assembly log.
Tighten the mounting screws on component 910 to 17-21 in-1bs
torque. Record torque .on the assembly log.

Install the hub/Pc tubing (item no. 229) into its correspond-
ing fitting on the distributor hub. Tighten the hub fitting
nut to 30 ft-lbs maximum torque. Record torque on assembly
log. Install the CPV/910 tubing (item no. 232) to the tee
on component 910 and align the CPV fitting to its hub/Pc
tubing mate. Tighten the tee nut to 50 ft-1bs maximum
torque. Record torgue cn assembly log. Loosely tighten the
CPV nut. : .

Install the hub/571 tubing (item no. 224) into the remaining
fitting on the distributor hub. Connect the opposite end to
the inner fitting on compernent 571. Tighten the hub fitting
nut to 30 ft-1bs maximum torque. Tlghten the 571 fitting.
nut to 50 ft 1bs torque maximum. Record torques on the as:
sembly log. ’ '

Pos;tlon the mcunting rails of the stationary bowl so that
the 13.875 + 015 assembly runner locations to surfaces. A znd
B along with a horizontal (+020) hub/571 tubing line (ref
para 4.8.15) are met. When these tolerances are met, tloﬁt-
en the four rail mounting nuts (ref. paras. 4.8.1 - 2) to
40-50 in-1bs torque. Also tighten the two clamp nuts (ref.
para. 4.7.8) to 40-50 in-1bs torque. Record:the runner lo-
cations, tubing line horizontal tolerance and screw torques
on the assembly log.
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4.8.17

4.8.18

4.8.19

- ft-1bs maximum torque.. Record torque on the assembly log.

~i1ifold CPV and the 911 tee..Loosely tighten the fitting nuts.

4.8.25

\.f‘.;"? T3 (:l
-QQ£Q7sofollows, with corrective measures explained.

4

" shown on the assembly drawing. Tighten to 150 ft-1bs maximum
torque. Qecord torque on the assenbly log.

Tighten the f1»e Ccprv 1nterface nuts (ref paras. 4 8 9 &
4.8.14) to 50 ft-1bs torque maximum. Tighten the three MDV
assembly mounting screws (ref. para 4.8.3) to 17-21 in-1bs
torque. Rcc01d torqucs on the assembly log. - '

Install a jam nut (1tem no. 43) on still stationary shaft as

Place four "O" rlngs (1tem no. 156) in the- grease flttlngs
(item no. 90) and install.in the locating manifold as shown
on the assembly drawing. .  Tighten the fittings to 30 ft-1lbs
maximum torque.. Record torque on the assembly log. Attach
tool 3098-B-9160-T (item no. 300) to the grease fittings and
pump enough grease to only fill the lubrication lines within
the compressor. . Do not over.lubricate and only use the
proper lubricant (item no. 159). Remove tool and place four
plugs (item no. 91) on the grease fittings.  Tighten to 30

Place an "O'" ring (item no. 107) in the Pe CPV fitting on the
locating manifold. Install a tee (item no. 247) to the inner
fitting of "’ component 911 as shown on the assembly drawing.
Install the Pe/911 tubing (item no. 243) to the locating man-

Install the 911/571 tubing (item no. 244) between the 911
tee and the outer fitting on component 571. Tighten:the
three tee nuts to 50 ft-1lbs maximum torque. Tighten the Pe
flttlng(ref para 4.8.20) and the 911/571 flttlng to 30 ft-1b{
maximum’ torque. Record torques on the assembly log.

Apply a small amount of epoxy (item no. 251) to the faces of
the small legs on the flexible spider (item no. 105) and.
place into the drive end of the bearing magnet retainer (ref
para. 4.2.4). Hold in place until initial setting of the
epoxXy occurs.

Attach identification labels (items no. 250; 262-264) to
components 591, 910, 911 and 571 at the locations shown on
the drawing and with adhesive No. EC2216 (item no. 251).

Initial Assemb;y Only Assemble two captive fasteners (itemg
nos. 212-213) into the holes as shown on the assembly draw-
ing. Crimping tool from Deutsch to be used according to the
manufacturer's instructions.

Connect a tee from a vacuum pump to the purge line fitting
on the still. Close the three MDVs. Decrease the still in-
ternal pressure to 20 + 2 mm Hg. TLeakage from the still
should be no more than 2mm/hr. Potential leak points are as

» 3 ngil i;C:: l_ oz § fm1 C::. 1‘4; qaissé3 og 24
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Leak Location Correction

Under flange clamp . Check and/or replace O-ring,
recheck groove for nicks. '

Around electrical connector - Replace connector gasket

)
L4

Through hub fittings. - Check fitting torques or '"O"
: : ring seals. -
‘ Through hub - ' Check and/or replace O-ring,
-, : : recheck groove for nicks.
Through CPV fittings Check and/or replace O-ring,
: " - recheck groove or face for
nicks.
Through Swagelok fittings Check screw torques.
" Through transducers Check'and/or replace.
ThroughAmetallic wall . Disassemble and reweld.
Through tubing " Disassemble and reweld.

Should any leaks be found, they must be corrected before

further assembly. When leak check has been successfully

passed record the fact on the assembly log. Repressurize
" and remove vacuum lines. '

4.9 Weigh and Storage Preparation

4.9.1 Weigh the assembled still on a scale with accuracy better
than + 0.25 1bs. Record the weight on the assembly log.

4.9.2 Perform the acceptanqe tests per Test Requirement Document
No. 3098-TR-9100. Record cocmpletion of -that test on the
assembly log. ' ,

4.9.3 Place apbropriate caps over the CPV, connector, MDV and
drive assembly and put assembly into finished- conponeﬂt
storage. . :

4.9.4 Sign and date the assembly log.
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Scope: This procedure document describes the assembly of a silver ster-

ilizer assembly which is de51gnated SSP Component No. 597. The assembly
is shown by Drawing No. 3098-D-9700. -

Parts List: This assembly is comprlsed of the subassemblles and parts

shown on P/L No. 3098 -D-9700 _
: . .
Tools § Instrunents Only normal and cus'tomary toels are requ1red for -

4.

0.

the assembly. Prepdration of the packing and check-out of the assembly
requires a 6 mesh.(Tyler) screen, a 45 mesh (Tyler) screen, chromic acid,
glass beakers, a deionized water source, turbldlmeter,.and an atomic- ab-
sorption spectrOphotometer .

Procedure

,ﬂgghl‘vhbleﬂ glass) along with a volume of water just equal to the volume

0?190 manually with a spatula and distribute the glass beads and

4.1 Packlng Preparatlon (item no. 8)
Packing preparation consists of (1) c1a551fy1ng 511ver chloride
granules, . (2) cleanlng glass beads, and (3) mixing the silver chlor-
ide and glass beads in the ratio-1l. ZS parts glass beads to 1 part
silver’ chlorlde ",*_ : , "

e

4.1.1 C13551fyureagent grade '"as-received" silver chloride gran-

- . ules in betwz2en 6 and 45 mesh (Tyler) screens under subdued
lighting.. ‘Material that passes through the 45 mesh screen
is reJecfed Material that .is retained by the 6 mesh screen
may be reduced in size by "hammering' with a pestle or by

"cuttingfup”'the IUmpswith a knife OT razor.. S '
4.1.2 _Prepare glass beads, 0.42 to 0.59 mm dlameter
4.1.2.1 Wash"as-received" glass beads in an aqueous solu-
" . tion of detergent (Alconox or equlvalent)
4.1.2.2 Decant the detergent solution and rinse the glass
.beads with hot tap water several times (about 5).
4.1.2.3 Wash the glass beads in concentrated chromic acid.
g Heat the chromic acid and glass beads to boiling
and allow the mixture to simmer for one hour.
4.1.2.4 Allow the chromic acid and glass beads to cool.
Decant the .chromic acid and.wash the glass beads
repeatedly with deionized water, until the washings
' _ indicate.no presence.of chromic_acid. -
- 4.1.2.5 Dry the . glass beads in an oven at 218°F (103°C) for
12 hours.
4.1.2.6 " Allow the glass beads to cool at room temperature

4.1.3 Blend the classified silver chloride granules and the pre-
: pared glass beads by weight in the ratio of 1.25 parts glass
beads to one part silver chloride under subcdued lighting.
After weighing-sut the proportions, add the glass beads and
(ﬂ&‘s silver chloride granules to a common container (preferably

of silver chloride and the glass beads. Stir the mixture
silver chloride particles uniformily.

Approximately 13.2 in3 (216 cm3) of packing are required to
fill the canister body. Prepare an additional 10 - 20%

A1 [ — = CODE IDENT. [SHZET
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4.

extra for contingencies, i.e., approximately 260 cm3.

2 Prepare Two Pyrex Wools

4.2.1
4.2.2°

4.2.3

4.2.4

Soak a roll of Pyrex'wool in deionized watér

Wet down a working surface with delonlzed water, unroll, and
fold over the wet Pyrex wool 1nto a pile on- half inch th1ck

Sandwich the one-half inch thlck wet Pyrex wool pile between

. two 10 x 20 mesh 316 stalnless steel retaining screcens (item

no. 10) .o

Trim the Pyrex wool pile with a pair of scissors around the
periphery of the screens, about one-sixteenth of an inch
larger in radius then the retaining screens.

Prepare the lower Pyrex wool ﬁacklng.supﬁort subassembly By saﬁd-

SILVER TON STERILIZER (597) ’ ' DATE

4.3
wiching: the Pyrex:wool (item no. 9) between four lower retaining
_screens (1tem no. 10) two screens on each face of the Pyrex wool
disc. : .. i : '
4.4 Assemble the Silver Sterilizer
4.4.1 Insert the lower. preformed.PYrex wool paéklng support sub-
assembly (see 4.3) into the bottom of the canister body
(item no. 1), s-¢ %71,
4.4.2 Load the canlster body under subdued lighting with the prev-
i ' iously prepared packing;;see 4.1. Add the packing mixture
N in 50 to 100 ml increments while tapping the outlet against
4 a hard surface and tapping the canister body with a. rubber
"mallet. When the packing is near completion, gently ram the
mixture down with a rubber stopper (smaller in diameter than
the canister) fixed to a rod. Do not use any water in load-
ing the canister,.if the canister contains water, the silver
chloride particles and glass beads will settle to the bottom
at different rates and produce stratification. Record vol-
ume of packing used to fill: the canister on .the assembly log
4.4.3 Prepare the upper Pyrex wool packing support subassembly by
sandwiching the upper Pyrex wool (item no. 7) between two
upper retaining screens (item no. 6) and two lower retaining
screens (item no. 10). '
4.4.4 Place the upper Pyrex wool packing support subassembly (see
4.4.3) on top of the packing. :
4.4.5 Place the upper sieve (item no. S) over the upper Pyrex wool
packing support assembly.
4.4.6 Insert the O-ring (item no. 3) into the groove on the flange
of the canister body.
Eoead =1 1 l s, 1M C. i4958 OF 5
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s

4.4.7

4.4.8

4.4.9

' -flushlng until efflbent contains no 'fines' and Ag+ content
~1is 1.0 - 1.3 ppm. Record f1na1 turb1d1ty and Ag* content on

4.4.10

4.4.11

.into the holes of the canister cover and flange ‘of the can-
ister body, put-on the six washers (1tem no. 14) on cap

Place the s r1ng (1tem no. 4) on top of the upper sieve
(item no. 5 . . '

Compress the spring (1tem no.4) with the canister cover (itex
no. 2), align and hold it in compression, in the p051t10n
shown, insert the six socket head cap screws (1tem no. 12)

screws, screw-on the'six self locking nuts (item no. 14),
and tighten to 19 + 2 in- lb torque Record torques on the
assembly log. ' ‘ )

Connect the assembly to a deionized water source and flush
at 0.5 gpm for 10 minutes. Analyze the effluent for silver
content and turbidity, to check that the canister is satur-
ating the deionized water with silver ions, and that' the
"fines'" produced during the loading are flushed-out. . Repeat

the assembly log.: .

With the assembly connected to a deionized water source,
shut-off the outlet and check for leaks at 30 psi. Should
any leaks be found, they must be correctéd. If the leak
check test has been ‘passed, record that fact on the assembly
log. Depressurize, remove the water connections, but do not
drain the assembly.

Attach the 1dent1f1cat10n label and the flow direction label
at the location shown on the drawing w1th adhesive no. EC
2216. )

4.5 Weigh § Storgge.Preparation

4;5.1 Weigh the assembled Silver Sterilizer Assembly on a balance
with accuracy of better than + 0.1 1b. Record the weight on
the assembly log.

"4.5.2 Perform the acceptance tests per Test Requirement Document
No. 3098-TR-9700. Record completion of that test on the as-
sembly log. ' : ~

4.5.3 Place appropriate caps over the CPV connector or MDV and
put the assembly into finished-component storage.

4.5.4 Sign and date the assembly log.
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APPENDIX C

TEST REQUIREMENTS

This section is comprised of documents written to define’
the acceptance tests and testing procedures to be performed
on the assembled components and on the assembled VCD module.
A test log is included with each document in which is entered
the test results. The test results are the following documents
included: ‘

Component Name § Number Document No.

Activated Charcoal Filter, 525 - . 3098-TR-2500
Deionizer, 533 o 3098-TR-3300
Purge Pump, 544 ' 3098-TR-4400
Liquid Pump, 548' : 3098-TR-4800
Waste Tank and Quantity Gage; '

561 § 576 3098-TR-6100
Rec¢ycle Tank, 562 3098-TR-6200
Distillation Unit, Motor and Level

Switch, 591 § 571 3098-TR-9100

. Silver-Ion Sterilizer : 3098-TR-9700
Module Assembly, SSP-WWMS 3098-TR-9800
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1.0 Scope: This document describes the test requircmdnts for the SSP

Activated Charcoal/Biological Filter (Component No. 525)

2.0 Applicable Documents: These test requirements are drawn to verify that

the assembly mcets the 1mportant requirements set f01th in the documents
listed below; .

3098-MS-2500, ACF/BF M1n1—Spec :

3098-R-2500, ACF/BFE Assembly Drawing -

3098-AS-2500, ACF/BF Assembly Procedure

13.0 Examination of Product: Inspect for general appearance and for conform-

4.0 Performance This series of tests is to be performed on Component

ance with the pictorial presentatlon shown by the assembly drawing.
Check to confirm that workmanshlp is of acceptable quality and that no
incompletions are apparent.

No. 525 after it is assembled per Assembly Proccedure 3098-AS-2500
Sections 4.1 through 4.8 and before Biological Decontamination, Section
4.9 of that proceedure.

4.1 Proof Pressure:
With the same set-up applied in paragraph 4.8.10 of 3098-AS-2500
increase the internal pressure to.48+2PSIG (the proof pressure).
Pump only deionized water (no air) into the canister assembly.
While holding that pressure check the canisters, tube joints and
flanges for leaks; should any be found they must be repaired before
proceeding further. Record the results on the test log, and
- release the pressure. Do not drain the assembly.

4.2 Pressure Drop:

With plastic tees, connect a S psid differential pressure gage
across the component inlet and outlet ports. Dwyer gage Model
No. 2205 may be used, but thelnlet connection (hth pressure tap,
at the BF) must be connected with a 1-liter sealed flask in the
line. The flask must contain only air prior to initiating -

the test. The Dwyer gage must be mounted higher than either of
the plastic tees at the compcnent 525 ports. - (The above precau-
tions are suggested to prevent the entry of water into the gage
sensitive elements.).

4.2.1 Connect the inlet port (on the ij to a source of.deionizod
water and adjust the flow rate to 5 1b./hr. (38%*3cc/min);
read and record the pressure differential. _ ‘

4.2.2 Adjust the flow rate to 10 1b/hr (76t5cc/min) read and
record the pressure differential.

4.2.3 Repe?t at 30 1lb/hr (227*5 cc/min). SRIGINAL PAGEIS
4.2.4 Repeat at 60 1b/hr (454%10 cc/min). oF POOR QU b

4.2.5 Repeat at 90 1b/hr (681%*15 cc/min), .Disconnect- the --° -
: manometer and plumbing lines. Do not drain the canisters.

[\ ! Z r-—-‘ . : M T ! ‘an-‘ ﬂ CODE IDENT zSHEEr 2
N 9330 WILLIAM STREET e  ROSEMONT, IL. 60018 —
TITLE -
TEST REQUIREMENTS | SPEC.No. .. JREV A
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4.

4.

3

Burst Pressure:

4

With the outlet port blocked by a 0 to 100 p51g pressure gage, pump
deionized water into the inlet port until the gage reads 66*2 psi.
Inspect the asscmbly for ruptures while holding that pressure and
enter observations onto the test log. Should a rupture or leak
occur the assembly shall be rejected. (Repairs shall be made and
the entire assembly and test proceedures ‘Tepeated.)

Slgn and date the assembly log, and proceed with “B101001ca1
Decontamination' (3098-AS-2500, Sectlon 4.9). '

)

M CHEMTRIC, Eh C. | 1 Ssp] o o
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1.0 chpe This document descrlbcs the tcst requirements for the SSP Deion-
izer (Component No.533).

2.0 Applicable Documents: These test 1eqﬁircments are drawn to verify that
the asscmbly meets the 1nportant requirements set. forth in the. documents

_) listed below:
N 3098-MS-3300, Delonlzer Mini-Spec
3098-D-3300, Deionizer Assembly Drawing :
3098-AS-3300, Deionizer Assembly Procedure .

3.0 Examination of Product? Inspect. fer"general appearance and for cbﬁform4
ance with the pictorial, presentatlon shown by the assembly drawing.

- Check to confirm that workmanship- is of acceptable quality and that no
incompletions are apparent. , .

4.0 Performance: Thie series of tests ig to be ﬁerfermed on Compohent No.533
after i1t is assembled per assembly proceédure 3098-AS-3300 sections 4.1
through 4.8 and before Biological Decontamination, section 4.9 of that

" proceedure. For all following tests, install the housing with the canis-

_ ter centerlines 1n a Vertlcal orlentatlon (MDVs "up") to 51mu1ate final

1nsta11at10n c
éLl 4.1 Proof’ Pressure o

With the same set-up applled in paragraph 4.8. 10 of 3098-AS-3300 in{
crease the internal pressure to 48 * 2 psig (the proof Pressure).
Pump only deionized water (no-air) Into the canister assembly.
"While holding that pressure check the canisters, tube 301nts.and
flanges for leaks; should any be found they must be repaired before
proceeding. further. Record the results on the test log, and releassg
the pressure. Do not drain the assembly .

- 4.2 Pressure Drop:

With plastic tees, connect a 0 to 10 psid d1fferent1a1 pressure oag3
across the component inlet and outlet ports. Dwyer gage Model No
2210 may be used, but the inlet connection (high pressure tap, at
the BF) must be’ connected with a 1-liter sealed flask in the line.
The flask must be mounted higher than either of the plastic tees at
the component 533 ports. (The above precautions: are suggested to.
prevent the entry of water into the gage sensitive elements.) -
4.2.1 Connect the inlet port (on the BF) to a source of delonlzed
water and adjust the flow rate to 5 1b/hr (38 + cc/min);
. read and record the pressure differential. )
'4.2.2 Adjust the flow rate to 10 1b/hr (76 + 5 cc/min); read and
record the pressure differential.
4.2.3 Repeat at 30 1b/hr (227 + 5 cc/min).
4.2.4- Repeat at 60 1b/hr (454 + 10 cc/min).
4.2.5 Repeat at 90 1b/hr (681 + 15 cc/min).
4.2.6 Repeat @ 170 1b/hr (908 + 20 cc/min). Disconnect the mano-
meter and plumbing lines. Do not drain the canisters.
OP.IGINAL PAGE I
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4.3 Burst Pressure:
With the outlet port blocked by a 0 to 100 psig pressure gage, pump
deionized water into the inlet port until the gage reads 66*2 psi.
Inspect the asscmbly for ruptures while holding that pressure.
Inter ‘observations onto the test log, Should a ruptux or leak
occur the assembly should be rejected (Repairs shall be made and
the entire assembly and test proceedures repeated.)

Sign and date the assembly log, and proceed with "Biologica
Decontamination'. (3098-AS-3300, Section 4.9). . -

4.4 1

ERABIE P
- CHEMTRIG, Inc. [, % 0
] 9330 -WILLIAM STREET 1 s |14 958 oF _«
: - - o.  ROSEMONT, IL 60018 T
TITLE . SPEC. NO. ' REV
TEST REQUIREMENTS #3098-TR-3300
= DEIONIZER (533) DATE




|

Y0¥ LI3HS|  G7gE

\x\w\\\ \Rm azho%ddY

744

\\\ A

£0/1 /9 31ya

‘A9 03L3dW0D LS3IL

e
-~

=g
’ i}
R
el
£ 4 4 v (SuUOTI®AXSSqO pue
Te/e | #4 @ﬁd@iﬁ&u{\w oy =T 5y 5INSsold PAO3Y)  BINSSoIg TSING =~ F g
T7813% Pt Q79T 07T 9 TV z
/£ i |
LI HA. : , Pisi3€ 2 BAZAV I STV]Y
173132 _u_ma.uwﬂv,.-.\; ,Illl-lluq.\idld 2B
HQmm,\mwm ﬁi,.ﬁ.o IY/qT 05 0 A7 i7
1/ 41270 I4/qT 0T @ AR 2
178173 P20 IY/QT § 97 doxXq oInssoII T T 7
/ \m\ ) (suot31eAIS5q0 pug
e/ | FA Y FTEIIOY L Tse g oINsSSod Pi039Y) DINssoXg JOOIJ T T
2150 | AQ ) % | 3NN
Treo1nag | INIWIINSYIW 20 SIINS3Y T LG3IL NOILdIDS3A L6l | W\ | 5y
£<s 00 | v 0 o - e
AN e N e A e
o] 507 1o3 tos Lo DI M) B




LS ORI S 3

OTHER APPROVAL

14958

3098-TR-4400

| N D EX  REVISIONS
SECTION PAGE| 7G| REVISION LETTER & DATE
1.0 f'é A~ B-14-732 =
( __Scope 2 T3 | A=8714773
2.0 , 9_
Appllcable Documents ) __2 A-8/14/73
50 ‘Examination 7
of Product . - 8
- 2 2
4.0 : 10
Performance i
) 2 12
50 13
Test Log 14
) S IS
6.0 16
17
18
10 19,
20 _
. 2l v
40 22
23
24
25
20 26 o
) 7 ORIGINAL PAGE IS -
0.0 | 28 _UF POOR QUALITY,
22
- >0
1.0 ]
32
33
12.0. 34
: 35
e .36
120 - 37
| 38
o - d_ .39
4o e
4;uth\L CA IE §a834 ' — m'. :_ﬂ? 3 : ) = Ty
Mavy 8,1973 = - i~ : !Eq
DRAFTSHAN L e "‘“’ ! 3 h_,39 ==t a
TITLE
CHECKER TEST REQUIREMENTS
& 4 W | __
ENGINEER PURGE PUMP
P.P. Nuccio (SSP Component No. 544)
/‘-rPQOVED _ '
! DESIGN ACTlVITY APPROVAL CODE IDENT. } SPEC., NO.
2 NO .

D "‘.__.- A

REF ASSY. DWG: 3095—E

4400

SHEET ] of 5




= as- - - -~ .

Scope: This document describes the test requirements for the SSP

~

Turge Punp (Componcnt Mo- 544). Two series gf tests rust be per-
formed. First the adcquacy of the pump as purchased, must be veri-
fied in this application; second, the characterlstlcs of the fully
assembled SSP component ( mounting hardward and fittings included)

must be measured for conformance with established performance criteria.

Applicable Documents: These test requirements are drawn to verify

that the purge pump meets the 1mportant requ1rements set forth in
the documents listed below. -

3098-MS-4400, Purge Pump M1n1 Spec :
3098-D-4400, Purge Pump Assembly Drawing ,
LR-3610, Performance Curve, Published by

Lear Siegler )
Model RRlOQOO,'Data Sheet, Lear Siegler_

Examination of Product:  Inspect. for general ap earanceand for con-

formance with the p1ctor1a1 presentatlon shown by applicable
drawings.

.0 Performance:

———y

4.1 Pump Design Verification Test:

‘This test shall be performed with the pump as received from
the manufacturer, No modifications or assembly subsequent

to that by Lear Siegler is permitted.

4.1,1 Ultimate Pressure:
With a short length of tubing, connect an absolute
manometer directly to the pump inlet port (blocking
the inlet).  The inlet port is closest to the larger
of the two cylinders. Connect a 115/208 V, 3 phase,
400 H2 power supply of at least 400 W capacity, to
the pump motor. Operate the pump until the manoneter
reading remains constant for one minute. The manometer
reading must be lower than 30 MM Hg. Abs. If the
<§ absolute pressure is greater than 30 MM Hg check for

any leaks in.the evacuated line between. the

‘ S and repair-
Qgisgs» pump and. the manometer. Should the pressure not fall

below the l1limit stated above within 10 minutes of operation

%Q\} after verifying that no vacuum leaks exist, direct a

¢$3 100-watt (minimum) 1ightbulb. on the manoneter line

: and pump cylinders to augment drying of the evicuated

- chambers. After one hout of heating with the pump
operating, remove the light bulb, continue puip oper-
ation for 10 additional minutes and read the mancmeter.
Should the absolute pressure continue higher than 30
mm Hg the pump shall be rejected for non-conformance
with specifications. Record on the test log the low-
est absolute pressure reading, and whether the pump is
thus far acceptable or rejected.

\N
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(:::l”“{l-‘.F\U/q !_ F::QE‘QEJ, Erﬂwfij. 1:4-‘3‘5363 o

9330 WILLIAM STREET e ROSEMONT, IL. €00C18

m//ll\\

SPEC. N
TEST REQUIREMENTS . > : ey REV;

PURGE PUMP (544) 3098-TR-4400 *

A
1

DATE




NOTE:
and th
model,
any fu
the sa

While the above test is cssentially a design »er1f1cat1on test
e results should apply to all serial numbers of the same pump

‘the importance of ultimate pressure capacity is sd grcat that
ture pumps purchased for this application should-be exposed to
me test procedure described above. ‘ s

Water Vapor/Droplet Transfer:

4.1.2

Connect a vacuum flask of approximately 2-liter capacity, to
the pump inlet with 30 inches of 3/8 OD x 3/16 ID silicone
rubber tubing. Move the absolute manometer to a tee located
-as near as possible to the flask outlet port. Fit the flask
stopper with a thermometer located such that its bulb is in
the upper half of the flask volume. Fill the flask to be-
twcen 40% and 50% of its volume with tap water (thermometer
bulb out of the water), and close the flask with the stopper.
Attach a similar length of silicone tubing to the pump output
port and direct it downward.

‘Orientate the vacuum pump with its ports upward (motor down)
and energize the motor. Read the pressure and temperature in
the flask; they should correspond to each other at a satura-
tion point. It might be necessary to add heat to the water.
(Do not direct a light to the thermometer bulb and generate
an erroneous reading.) Several minutes after the onset of
saturation within the flask some water vapor condensation
should begin forming on the output tube inner walls. Listen
to the pump to detect any irregularities in operating sound.
Note any apparent slowing or knocking on the test log, or
that none 1is detectable.

When the cdndensation inside the output tube forms into water
droplets, elevate the tube outlet at least 24 inches higher
than the pump output port - so that the water droplets czannot
"fall'" out of the tube. OCperate the pump in that test con-
figuration for at least 2 hours, or until water droplets
spurt from the open end of the elevated output tube. Listen
for operating irregularities and record any irregularities on
the log.

Should the pump malfunction, or be suspected of malfuncticn:.
ing, during this test, contact the project engineer for an
evaluation and possible re-direction of the test.

Ultimate Pressure Re-Check:

After exposure to water vapor .repeat Lhe test desribed in
4.1.1. Record the ultimate absolute pressure attain-
ed, and notify the project -engineer of any '

"1 \]__ 9330 WILLIAM STREET - o  ROSEMONT, IL. 60018 —
TITLE Test Requirements SPEC. NO. RE\( A
PURGE PUMP (544) . 3098-TR-4400 €505 8/T3773
: : ‘" DATE




n

degradation (or improvement) in that rcading.

4.2 Assenble the pump and the parts shown on the assenbly drawing

to produce SSP Conponent I No. 544,

4.2.1 Leak Check:

Attach an absolute manometer ‘to the 1n1et CPV fitting
and"a short length (approx 6 inches) of plastic tubing
to the outlet CPV fitting. Operate the pump to verify
the ultimate absolute pressure reading measured carlier.
Pinch the short outlet tube closed with a clamp,stop the
pump -and ‘read the manometer after one minute: Record
the 1ate of pressure rise on _the test log in terms of
MM Hg/ Minute over a 5-Minute period. - Disconnect -
plumbing and electrical cable at the interfaces to
component 544.

4.2.2 Weight:
Weigh the pump assembly in the configuration shown by
the assembly drawing and record that weight on the log.

4.3 Clean the assembly and place into tested-component storage.

4.4 Sign § date the éssembly log.
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1.0 Scope: This document describes the test requirements for the SSP Liquid

~ TPump (Componcnt No. S48). The compenent consists of three individual
gear pumps which arc to be tested together and cither accepted or re-
jected as an assembly. Three series of tests must be performecd. First,
the performance parameters of the three pumps under opcrating conditions.

~using tap water, 30% solids recycle liquor and 50% solids recycle liquor

must be verified; second, a 100 hour life test of all three pump stages
using 50% solids recycle liquor must be run for operating capability
and; third, a proof pressure test of the pump must be run to insure
structural integrity. ' ' g

2.0 Applicable Documents: These test requirements are drawn to verify that
the assembly mcets the important requirements set forth in the following
documents. '

3098-MS-4800, Liquid Pump Mini-Spec ' .
3098-AS-4800, Liquid Pump Assembly Procedure .
3098- R-4800, Liquid Pump ASsembly Drawing
3.0 Examination of Product: Inspect for general appearance of the assembly
and for conformance with the pictorial presentation shown by the
assembly drawings. Check to confirm that workmanship is of accept-
able quality and that no incompletions are apparent. ‘

4.0 Performance:

4.1 Preparation: Install the MDV mounting adapters to both banks
of the pump manifold. Connect the feed outlet MDV to a simulated
distillation evaporator as shown in figure TR-548-1 (Test
Schematic). Connect the evaporator to an ice trap and-then a
vacuum pump. The vacuum pump should have a pumping capability of
at least 20 mm Hg. Tee the evaporator-trap line 2nd connect to
an absolute manometer. Connect the evaporator ocutlet to a restric-
tor valve and then, to the recyvcle inlet *DV. Install a line to
the feed inlet MDV. Connect the line to a valve, 0-300 CC/wmin
tiow meter and the outlet of a simulated recycle tznk as shown
in figure TR-548-1. Install a pressure gauge in the recycle
tank and tee to a relief valve with a cracking pressure of 8 * 2
psig. . Connect the recycle tank inlet to a 0-300-CC/min flow.
meter and the recycle outlet MDV. Connect the recycle tank
a compressed gas source capable of 5 psig.

Connect the condensate inlet MDV to. a restrictor valve and

the outlet of a simulated distillation condenser. Tee the zabove
absolute manometer and connect to the condenser. Install a line

-~

0

from the condenser inlet to a NC solenoid valve. Connect the
other side of the valve to the cutlet of a storage tznk. Instal
a float valve in the siorage tank and wire it to the solenoid
valve so that when the level within the tank bececmes sxcessive
the valve opens thus lowering the level. Conrnect a 0-250 CC/nin
flowmeter to the storage tank inlet and the condensate outlet
MDV. Connect the storage tank to a compressed gas source capzble
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4.

2

of 30 psig. Ins
with a cracking

Test:

4.2.1 Zcro Chec

tall a pressure .gauge and tee to a relicf valve
pressure of 35 ¢ 2 psig.

)

k: With all tanks empty and all power off, read

all- gauge
log.

s, flowmeters, and manometer. Record on the test

on:

4.2.2 Calibrati
: 4.2.2.1°

4.2.2.2

4.2.2.3 .

Cne Time

4.2.3 Life Test: Repeat the proccdure of 4.2.2.2 only with a
13 1

Condénsate Stage: Fill the condenser tank with
an appropriate amount of tap water. "Fill the

ice trap with a mixture of dry ice and acetone.
Turn on the vacuum pump and pressurize the storage
tank to 30 psig. Turn on the power supply for,

the solenoid valve subsystem. Close the rccycle
and feed control valves. When the absolute pres-
sure reaches 20 mm Hg turn on the 400 Hz 3§ power
supply to the liquid pump. Open the condensatéd
restrictor valve and adjust to allow 15-30 CC/min
flow on the condensate flowmeter. Allow to run
after adjustment for at least 10 solenoid valve
cycles. Record flowmeter reading (Q¢), storage
tank pressure (Ps), absolute pressure (Pi) and
storage tank pressure (P 5) on the test log. Turn
off 11qu1d pump and vacuium pump powver. -

Zero Solids: Fill the recycle tank and evaporator
tank with an appropriate smount of tap water.
Pressurize the recycle tank to 5 psig. Start the
vacuum pump. Ithen Pa reaches 20 mm Hg, turn on

a 400 Hz 3@ power supply to the liquid pump con--
nector and open the iced and 1"LYC;C valves. When
the recycle and feed flowmeters stabilize {(main-
tain repetitive readings {or zbout 5 minutes),
record the recycle and feed flowmeter readings
(Qr, Qf), Pa and the recycle tank pressure (Pr).
Turn off all power, depressurize and drain.

30% Solids: Repeat 4.2.2.2 only with a- recycle
liguor containing 30% solids. After dralnlno TUNn
the recycle and feed pumps with tap water to clean
out the system. Pressurization 1is not necessary.

01La1n:ng 50% solids.

Cnly: Continue the above test along with the

tap water
under tes

filled condensate stage (ref. para. 4:2.2.1)
t conditions for 100 hours. Ronitor and record
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the time and day, Qr, Qfy Qc¢, Pr, Ps, Pa, and cumnlative
operating hours on the test log. Make at lecast two
recordings per day, cqually spaced, "
After draining run the rccycle and feed pumps with
tap water to clean out the system. Pressuyrization is

not nccessary.

4.2.4 Recalibration: Rerun 4.2.2.2 and record results on test
log. '

4.2.5 Proof Pressure: Remove all qcccssory equipment from the
component and connect the pump adapter manifold to a °
compressed gas source. Place a wooden barrier betwcen
the pump and-any pcrsonnel 1ho might be endangecred by a
potential explosion of the pump assembly. TIncrease the
gas pressure to 40 psigy hold that pressure for one min-
ute then decrcase pressure to 39 psig. Any observable
'gas leaks at this pressure must be rectified by the same
procedures detailed in 3098-AS-4300. Record results on,

test log.
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1.0 Scope: This document describes the test requirements for the SSP Waste .
‘Storage Tank (Component No. 561) assembled with its quantity sensor,
(Component No. 576). These two componénts are to be tested together and

either accepted or reJected as an assembly of two componcnts

.ﬁb.o Applicable Documents : These test requ1rements are drawn to verify that
1 the assembly. meets the 1mportant requ1rements set forth in the follow1ng
documents : S

f3098 MS- 6100 “Waste Tank M1n1 Spec-z°

- 3098-MS-7600, Q-Sensor Mini-Spec:
3098-R-6100, Waste. Tank Assembly DraW1ng
3098-D-7600," .Q- Sensor Assembly Drawing = -,
3098- AS 6100, Waste Tank Assembly Procedure

3.0 Examination of Product: Inspect for general appearance of the "assembly,
and for conformance with the pictorial presentation shown by the assembly
drawings. Open the over-center latch'on the tank to inspect the quantity
sensor.. Check that both cables from the sensor. are attached to the hooks
on the back ‘'side of the piston. Check to confirm that workmanship is of
acceptable quality and that no 1ncomp1et10ns are. apparent. Re-close the
tank and over-center latch ~ - '

4.0 Performance. -.Y'VT.J L “ o ‘ : | BN

4.1 Preparation: Connect a compressed air line regulated to 5 % 1 psig
to the CPV on the tank. Connect a Cole-Parmer/Barnant peristaltic.
pump to.the MDV so that it delivers its output to the tank and it

. draws its 1ntake from a graduated cylinder.. Connect a 0 to 30 psi
pressure gage to the pump output line and connect two ohm meters to
the electrical connector located on the tank wall to read the resis-
tance between pins A § B and between pins E § F." Set the meters to
a scale on which 1000 ohms can be read on the upper 40 percent of
full scale. Apply 5 psig to the CPV, flood the pump inlet with tap

. water and operate the pump to- dellver 1 liter of water to the tank.
Open the pump output line and let the water escape to purge any gas
from the tank. Repeat the purge operation until each liter of water
is expelled without contalnlng gas.. ‘

[

4.2' Test:

. 4.2.1 Zero Check: With the tank empty of water, except for that’
trapped in the liquid end, read the ohm meters and record on
the test log.

4.2.2 Calibration: Deliver one liter (%5 cc) of water, without
air, to the tank and réad the ohm meters; record readings on
the test log. Repeat one-liter deliveries, meter readings
and recordings until 17 liters have been added to the tank
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Proof Pressure: Close the water input line with a pinch

clamp or a shut-off valve. Place a wooden barrier between
the tank and any personnel who might be endqngcred by a

.potential explosion of the tank. Increase the gas’ pressure’

to 22 psig, hold that pressure for one minute tHen deccrecase

' pressure to 21 psig. Observe the tank for leaks. The tank

4.2.4

assembly was checked for leaks at a lower pressure during
assembly, - Any observable liquid or gas leaks at this pres-
sure must be rectlfled by the same procedures detailed in
3098 -AS- 6100

L1qu1d C;pac1ty, Max1mum Decrease the gas pressure to 5
psig and resume pumping water into the tank, recording the
volume pumped (in excess of the contained 17 liters) on

the test log. Continue pumping until the pressure gage

in the pump output line begins to show a pressure higher
than the gas pressure, indicating that the tank's 11qu1d
capacity has been reached. Stop the pump when the pressure
reaches 6 psig. Record the ohm meter readings and total

volume pumped (including the contained 17 liters) on the

test log. Open the liquid line and drain the tank into a

graduated cylinder. Measure and record the. quantity of
water expelled. Disconnect the fittings and electrical
attachments. Clean and dry the tank.
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Scope: This document describes the test requirements for the SSP

Applicable Documents: These test requ1rements are drawn to verify that

the assembly meets the 1mportant requ1rements set forth in the documents

3098-MS-6200, Recycle Tank M1n1 Spec : _f
3098-R- 6200 Recycle Tank Assembly Draw1ng :

Examination of Product' Inspect for general appearance and for conform-

1.0
Recycle Tank (Component No 562)
1 2.0
?;-*)
~ listed below;
3.0
incompletions are apparent
4.0

ance with.the pictorial presentatlon shown by the assembly drawing. -
Check to confirm that workmanship is of acceptable quallty and that no

Performance._ Measurements of certaln performance criteria must be made,

eI,
Pooﬁlb

4.2 Pressure Drop;at Rated Flow R .-

some of which are to be simply recorded on the Test Log. Other more
critical parameters must be w1th1n a spec1f1ed range for acceptance of
the assembly S , AN

4.1 DrxﬁWelght : ‘ o 4
Weigh the dry tank on a balance of accuracy better. than + .5 1b,
and record that~ welght on the test log i :

Place ‘the tanks in a vertical orlentatlon with the MDVs at the top.
Connect a tap water line to the inlet MDV (inlet is off-center,
outlet is on-center), and direct the outlet to a sink or drain.
Fill the tank with water and continue water flow for 10 mlnutes
after the drain connection flows free of air. The water flow rate
should be between 2 §3 gpm durlng the 10- m1nute flush.

‘ Attach a water manometer aky least 24-inches hlgh between the
inlet § outlet MDVs. (Blastlc tees may be applled in the llnes to
facilitate  this connectlon ) .

AdJust the tap water flow rate to 15 lb/hr (114 + S cc/mln) and
read the manometer to the nearest 1/4-inch. . Record the manometer
eadlng on the_ test log. . e

U,

s
A.um

Adjust the water flow rate to 20 lb/hr (152 + 5 cc/mln) Read and
record the pressure drop reglstered on the manometer.

~ .
é:g. AdJust flow rate to 25 lb/hr (190 + 5 cc/mln) Read § record the
pressure drop.
Adjust flow rate to 30 1lb/hr (228 + 5 cc/mln) Read § record the
pressure drop. :
4.3 Leak Check and Proof Pressure Check:

. Close the outlet MDV § disconnect that line. . Replace the mano-
meter at the inlet tee with a 0-60 psi pressure gage. Disconnect
the tap water line and place a Barnant peristaltic pump in the
inlet line (pump outlet discharging to tank inlet and pump inlet
drawing from a 1-liter beaker of tap water). Operate the pump

e CODE IDENT. 3
1 CHEMTRIICGC, INnC. |, ©ca| o +—
- - B _ ’ ' . ‘4 9 5 8 4
T 9330 WILLIAM STREET e  ROSEMONT, IL 60018 —
ITLE SPEC. N
T TEST REQUIREMENTS * . 4~ A
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Until the pressure gage reads 30 ¢ 2 psi. Stop the pump and in-
spect the tank for water leaks - while it is holding that pressure.
Any leaks must be repaired and the test repeated before “proceeding.
The potential leak locations are (1) at the weld joints and (2) at
the flange interface, which is sealed by an O-ring. Leaky seams
must be re-welded; a leaky flange requires inspection of the seal-
faces and/or replacement of a faulty seal. Record on the test

log that the leak and proof pressure checks have been passed

Close the inlet MDV dlsconnect the plumblng and Welgh the assembly
_Record the welght on the test log.

Drain the water from the tank through both MDVs, tip the tank so

- . . . . -

Connect the Silver- Ion Sterlllzer (Comp No. 597) into the tank
inlet line and refill the tank with de-ionized water which has
passed through the sterilizer - by the procedure described in 4.2,
Continue the flow of Ag+ dosed water for 10 minutes after flow
begins to exit the outlet MDV, but at a rate between 0.2 and 0.5
After the flush cycle has been completed close both MDVs,
disconnect all _plumbing, dry the exterior of the tank and place
components 597 and 562 into finished-component storage. Enter on

the log that the tank has been prepared for - storage

4.5 Wet Welght
while it 1s full of water
4.6 Storage Preparatlon.
that both MDVs are downward
gpm.
4.7

~Sign § Date the Test Log.

ORlGpy

OF pr AL
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1.0 SU)pC. .

“This document describes the test requirements for the SSP Viapor

Compression Vacuum Distillatien Unit (Compenent No. 591) asseabled
with its drive motor (Compencnt No. 539) and its llguid level sensor
. (Component No. 571). Thesce three compnngnts are to be tested together
- and either accepte >d or rcjected as an asscwibly ‘of threc co“wo1cnts.

2.0 Applicable Documcents:
These test requirements are drawn to verify that the a
the important requirencnts sct forth in the following
3098-#MS-9100 Distillation Unit Mini-Spec
3098-MS-3900 Drive Motor Mini-Spec
3098-MS-7100 Liquid Level Sensor Mini-Spec
3098-R-9100 Distillation Unit Assembly Drawing
e 3098-D-39200 Drive Motor Assembly Drawing
2098-C-7100 Ligquid Level Sensor Asscmbly Drawing -
3698-A5-9100 Distillation Unit Asscmbly Procedure

scmbly micets
ocuments: -

)
b1
a

3.0 Examination of Product: |
' Inspect for general appearance of the assemblies and for conformance
with the pictorial presentation shewn by the assewbly druwings.

Rotate the drive pinions on the still and drive motor for free running
operation, Check to confirm that -the workmanship is of acceptable
quality and that no incompletions are apparcnt.

4.0 Performance: -

} 4.1 Preparation: Install the assembled still (Cemp. 591) in the
N slide rails of its mcdule. Secure the captive Screws (2} o
the rails. Install the MDV/CPV mounting zdapter to the matching
MDVs and CPV. . Secure the adapter to the MDVs with twelve scraws
(MS 16996-11) and tighten the matching CPV fitting. Install
the still drive motor (Comp. 539), aligning the drive pinicn

i with its mate in th&.magnetic drive housing. Pesition the
connector "forward". Secure the three drive motor captive screws.
Connect snd secure the harness-side cennectors io Ccmnn”"nts 5

i §71, and §539.

‘,:1

vely) a valve, ice
ity of puwsping to Z
ematic). Connect t

Connect the purge CrV to (respec
vacuwn pump with a minlmum capab'
shoewn in figure TR-591-1 (Test Sc

N
i
V7]

— P' QoG
S
<

| cadapter to a restrictor valve and a Cole-Farumer/3arnant perlst-
Eg altic pump so that the pump delivers its output. thru the valve to
<5 the still. On the inlet side of the pump, install a flcwmeter
A (0-300 cc water/min). Connect the condensate MDV to a
jm Cole-Parmer/Barnznt peristaltic ; tha ™
58 cutput to 2 holding tank. HMeke “his
(TR fer uz‘a‘znzng and measurzment of Ce
o, c¥cle MDV adapter to enother Cole-Paiine: t
© o so that its output is deliverced to a valve then

tznk. Cang the three peristaltic pumps Jdoscribad

capablie of driving the pumps at 140 rpm, instail

to the storage tank, and ceonnect the tznk's outle

tor valve inlet on the feed line.

FFNL T TN AR ST PI LW R L S IRy et

_”:_‘_ 's'v-a‘ L% es2sd - T 13 ﬂ CQD" ‘D -«4T )
ks .m.u n,,,.{g TN i,
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Connect un absolute munometer to ovne outlet of the cundenser
pressure line. . Cennect the other outlet to enc side of a differ-
enlial mancmeter. Ceonnect the other side of the differcatial
manemeter to the cvaporator pressure line tee (i.e. near Cem-.
pencnt §71) . The absolute mancucter should be capeble of yeading
to 20 mm Hg while the differential manoweter should have a '
0 -..50 psi (or equivalent) scale.

Connect the still connector harnéss (i.e. speed sensor) to the
appropriate terminals on a Tektronix 545 (or cquivalent) oscillo-
scope. Connect the drive motor connector harness to

: ~a 115 VAC, 400 Hiz, 38, Wye power supply. Ccnnect
the 11qu1d level” switch connector halﬂySS to a VOM.

Install an insulation_barrier (i.e. cabinet) completely S
the distillation unit and drive moter as shewn on Ligure
Do not enclose any equipment that has to be adjustced or re: d.
Install a thermomcter in the insulated cabinet in such a way as
to be either read directly or capable of being withdrawn without
opening of the cabinet.

il

Test:

T4.2.1 Zero Check: With the drive motor power supply and the

.vacuum pump both in off conditions, recad

impulse counter
dllfCTLnlel nancmeLer
zbsolute manometer
thermcometer
flowmeter
and the VOM
The VCM should be set to ti
Record these readings on t

4.2.2 Froof PreS\u1e. Isolate the
the st111. Close the purge
line valves. Place a plﬂLh
and clese. Remove the line
and connect to a compressed air line. Place a woeden

Iz, bairler between the still and any perscnnel who might be
. endangered by a potential cxplosion of the still. Ia-
T, . crease the gas pressure to 15 psig, hold that pressure
5?:3 for one minute, then decrease pressure to 14 psig.
S Observe the liguid level switch housing and still for anv
;?Q: leaks. Any cbservable gas lzcaks at ‘%‘s pressure nust
ﬁyé? be rac 11171 before o Recovd ¢n test .o, 11
D 0 ges lzaks are det ase the 3z roesure fo
g:Q' atmospheric and iso 1d teval V.1 Tz
o the gas pressure to held for cne nute
Decrease the pressu and sbserve {cr g3s
Yezks ©on the still. 2s ‘checked far lezks at
a lcwer prassure dur . Any observeble gas
lezks at this pressur ectified by the same
*"‘"“"“"' e o ol s P ABI3- 3 T2 2 BT A AT € e 07 g e B T S G AL B S d A ey, T S RIS T TR 2N g rmrma e o s st ;
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procedurces detatled in 3098-A5-9100. 1f ano leaks are detec-
ted, record en test log and decrcase prossuve o atnos- !
pheric.  Recennect the two manometers and liguid lovel ;
switch and open, the four previcusly closed lignid liae :
valves.

4.2.3 Startup: Open the purge linc valve, fill the ice trap
with a mixture of dry ice and acetonc cnd start the vacuum
purp. ¥Yhen the pressure decrcases to 20 mz:a lg on the
absolute mancmeter, start the drive metor and peristaltic
pump motor. Opecn the feed and recycle line valves and - i
deliver 500+5 ml of tap water to the feed storage tank.
Adjust the fecd restrictor valve to allew 225%5 cc/min
to be sheown on the flowmeter. Record the ihoruoheter
teimpercature (1), absolute menocmcter prossure (Pa), didicr-
ential mancmeter pressure | (»),
impulse counter (N), time (t) and amount of feed wat
delivered to the storage tank (V) on the test log. -

cr

4.2.4 Operaticnal Performance: As the feed is used up in the
storage tank, deliver 500#5 ml more fced to the tank. Do
not allcw to run dry. Record volume and time deliveved
on the test log. Continue this method of delivery until
there is an cutput in the holding tank or a maximum of
2500 ml is delivered, whichever comes fivst. After app
imately 100 ml of condensate accumulates in the holding
tank, withdraw it, measure and rvecord aleong with tha
time on the test log. Also record T, Pa, Pd, P, Q and N
on the test log.. ' "

oK

At thirty migutes after the initial withdrawal of con-
densate, empty the holding tank, maasu 1 ;

the test lcg alcng with t, T, Pa, Fd,

every thirty minutes theveaiter to 2

=
r
e
o
.
ot
’—l
o]
(w]
'-
(¥ a]
Q-

tank reserve.
en test log.

4.2.5 Liquid Level Switch Cperation: After
sate removal period is concluded, clos
valve and continue adding feed to the

S recuired.  Observe the Conperncnt 571
s :
e

mater and record the time at
o

B

b

i

. —~ - . — - - \ .
IGnges (Sk‘iﬁt,h yYeverses;. i

&
3 .
;?;?. At an indicaticn of a continuity change in the liguid i
38 level switch, stop adding fc--f:‘d, close the }"z'\:"cr;uor
p-n valve #and open the recycle line valve. Run until no
é§é§ recycle or condensate ure produced, then cicse 211 vaivsas

and shut off power.
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4.2.6 Cendensate
suitable amod :
tivity of 100-i000 <hms

5 X

tap wuter to achicve a mixture resis-
Record the vesistiviiy on the

Quality: Add an amennt of salt {(Na€l) to a
i

— A..»r P A

test log. Use this mixture as {eed and ropeat the tests
conducted in 4.2.3 - 4.2.4 with the cxceptrion being that
4. 4 1 2
i o 1

the 2} hour coadensate withdrowal time is reduced
hour. Repeat xeadings and recordings on the test log.
After the 1 hour time limit, take a sample of condens
and recycle liquor and smeasure the resistivity of c:
and record on the test log.

4.2.7 Shutdown:. After the resistivity readings are tuaken, :

connect the feed line to tap water, th ¢ line §

drain and run as before {for aone hour. ' i

3 tivity of the feod water und Froszh con
s the test log.,  Stop zadditicon of idecd i

i
restricror valve. Rua wuntil no recycle
are preduced, then clese all valves and
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1.0 Scope: This document describes the test requirements for ihe SSP
 Silver-Ien Sterilizer (Cempenent No. 597).
g_gmﬁﬂp11C1b10 Documents: These test ToquirCWLﬁts"rg drawn to VPfiLy that
the asscmbly mcets the 1nP0111nt requirements sct forth in the fouu—
ments listed below: . .
3098-MS-9700, Ag* Sterilizer Mini-Spec
3098-D-9700, Ag+ Sterilizer Assembly Drawing
3098-AS-9700, Ag* Sterilizer Assembly-Proce du1e
3.0 Examination of P1oduct Inspect for general appearance and for conform-
ance with the pictorial presentation shown by the aSS“wbly d11w1qg
Check to confirm that Workmanship is of acccptable quality and that no
incompletions are apparent.
4.0 Perfoymence: This serics of tests is to be performed on Cospenent
No. 597 after it is assembled per Assembly Proccedure ‘ﬂha-ﬁs—j,dO
Secticns 4.1 through 4.4, and before "Weigh and Storage Prevarstion',
Section 4.5 of that proceedure.’
4.1 Proof Pressure:
With the same set-up d“plled in paragraph 4.4.10 of 3038-AS-9700,
increase the intcrnal pressure to 48%2 psig (th proof prossure).
Pump cnly deionized water (no alr) into the canister assembly.
While holding that pressure check. the canister tnab joints and
flange for leaks; should any be found they must be rcpaired before
proceeding further. Record the results on the test log, and re-
lease the pressure. Do not drain the assembly.
4.2 Pressure Drop:
With plastic tees, connect a 0 to 5 p51d dli*eicnfial pressure gage
acress the compcnent inlet and outlet perts.. Dwyer gage Model
No. 2205 may be used, but the inlet connection (hluh-pzessnre tAD)
must be connected ulth a 1-liter scaled flask in the line. The
flask @aust contailn cnly zir prior to .thL(tllg the tast. The
Dwyer gage wmust be mounted higher than cither of the plastic toes
at the Cocmpeonent 597 ports. ’lt, zbove 20 are suggestod
to provent the cntry of water Into the g clia2 )
4.2.1 Connect the inlet port {on the 3F) to a source of deicnized
water and adjust the flcw rate to 5 1b/hr (38#3cc/min);
read and record the pressure differential..
4.2.2 Adjust the flow rate to 10 1b/hr (76%5 cc/min), read and
: record the pressure differential.
4.2.3 Repecat at 15 ib/hr (114:5 cc/ixin)
_ ORIGINAL PAGE IS {
4.2.4 Repeat at 30 lb/hr (227%5 cc/imin) OF POOR QUALITY, ;
4.2.5 Repeat at 45 Ib/hr (341 #10 cc/min)
4.2.6 Repeat @ 60 1b/hr (454%10 cc/min). ©Disccnnect: the.mzno-
meter and plumbing lines. Do not drain the canister.
KA T I N5 T L= it ey
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4.3 Burst Pressure
T With the sutict port blocked by a 0 to 100 psjg pressure fage punip
deionized water into the inlet port until jhb page veads 66#2 s,
Inspeet the assembly for ruptures rhilb.hU]dJ”s that prossure and
cinter obscrvations onto the test log. Should a rupture or leak
occur, the assembly shall be rejected. (Repairs shall be made and

the entire assembly and test proccedures rLPCdLCd.)

4.4 Sign and date the assembly log and proceed with "Weigh and Sterage
Preparation' (2098-AS-9700, Section 4.5). ' :
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scope: This decusent describes the test veguircments for the S5P-VCD
| i . Two scries of tests are necessary. The first =erics will verily
; the functienal and DICT“LI”Wdl adequacy of The asscs bly. The scepnd scries
" 111 be run to -HL\J11 ze performance through minor tHIJUSLuKﬂltS of <ertain

d

p’l ame ters. '

ﬁﬂO Applicable Doaumcnts. These test requirements are drawn o verily that
the VCD Asso >ubly meets the important requirements :ct forth in the dJdocuments
listed below, :

3098-35-9800; VCD Wlnl Spec :

Sv‘u~u6535 Interface Control Spec (1ISD)

SVHS-5134;  Water § Waste. Mgmt. Spec (HSD)
SVSK-86552; . VCD Assewmbly Drowing (ilSD)
SVSK-DR-86421; VCD Controllér ncqu11cm-nt> (H“D)
SVSK-806790;(Sh. 2 of 7) SSP Subsystom Schematic (HED)
‘“KK~H5b S52 YLD Interface Dwyg. 'H“U) :
CONLOTLACe with-

Te 1:OI“UT]QL:1Y

1

.

;‘l"

(
o

3.0 PFxauination of Preduct: Inspect the asscuwbly for
Assenbly Drawing. Check that the four fluid interfaces a

marked and are properly located according to the Interface Control Spec.
Verify that the electrical connection from the bus to the controller is |,
marked with the necessary identification. Check that no lWLCHkletdes are

FudYe e

: apparcent and that testing may preceed w1unout electrical or vndue mechanical
:hazavd.
4.0 Performance:
Loak Test: A test to verify that no lcaks ar S ©o bhe

J\,i
1nn‘)rnéently Adjacent scctions overlap
1) clvmvnt in the assembly is checked for

between s2lements.

8

>d by sepuarating the system into five sectio:
oy
1\

)
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4.1.2 Place a cap cver wHM2-W1, and A4
between 421-20 and 548 ]
‘3 s e 3 47
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E é%‘ 4.1.3 N1in tne sase Set-up. wad abhovi 10
i 421-069 and lecck for water flc-ing 3T dll;
i Should ne water flow after the initial emp
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valve 501 is not fe Riag iate
froem that hele st a steady 1

1.1.4 Remove the internal plug from 501 and install up-side-down
(reverse [low/check directien). Closc 421-19 and 421-05, cap wh3-i¥1
and apply gas pressure to WM3-Gl (with a tee to a prcssure gage on
the pressuvizing line). Apply and hold 9 to 11 psig for 15 miautes.
Should the pressure remain constant no lecaks exist on either side of
561, through the recycle pump portiﬁn of 548 nor in any interccnnect-
Ang lines. A pressure decay requires lcak location and rectification
4.1.5 Cbp Wi2-G1 and evacuate purge line from the pump end; hold

30 mwlg (ﬁbb) f01 15 minutes” or‘1ppa1r leaks.
Delete : .
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Ooerational Check Out: .
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-he wuater-out port (WM2-W1) and a source
waste tank gas port (WM3- G1). Connect a
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pcwer sunply of 1KW min. cepacity to the controller (Cemponsat No.
573). Install a temporary tee into the distillation unit condenser
pressure port (to component No. 910-91), and connect an ohsolute
pressure gage (or mancmeter) to the branch of that tee. Cornect a
differentialpressure gage (or Lwo-leggnd monometer) acrass the
differential pressure transducer (Compenent No.o 911). Tut a

ther ometer or the *rﬁccuple juncticn near the distiliation unit at
the menifold end-epiesite the motor end. Apply 5z1 psi to the waste
tank gas port, and discard all “"te1 which is driven cut of the
waste water input port. Vhen the flow of i sicps connact a
Barnant peristaltic pump which has been Llllcd with deicnized vater,
to the waste input port. :

t-Up:
ic

3 tar
peristaltic pumnp
aelonized water

rmit gir O pass

ter ¢ tivy

vesd 6l

he guUanitily o o

ino ty on ithe tos R B D
the tunk. Sheuld the pu i2 iiters
¢elivevsed to the tonk a rzd cithol
quantity gage (376), the e purge © :
in the pcwer sugpply--- or sts in the harnessd
Contact the project engil beiore uro . ;

Wzich tihe &bs 2
it soe pressuras ;
occur., Record f ;
(211 should occur ]




A.3.2.10 Valve No. 5¢3-11 is driven to

<o

4.3.2.2 Valve No. 509-01 is driven to the 525 line.

4.3.2.3 #otor No. 539 is energized and deV\J the distiilsiicn
unit. ' ~
: 4.3.2.4 Pump No. 548 is energized.
Should any of those four events fail to occur check the complneon:
in question for proper electrical operation by applying cxte:
pewer to its connector. If 1t operates normally with an fto]ndl
pevwer source check the wiring harness for continuvity. If the
harness is proven to be uninterupted or otherwise faulty the
preblem lies within the centwoller; consult ihe project wazizusy
Tor weselution,
.3.3 Operation: Read and record the cc udc*s"r pressure {absolute :

manonicter) and the Lomp £SS$0T pressure se (two-legged manomcter)
at fiftecen-minute intervals Until Condgﬁ sate 1is de1LVered threugh
the inline relicf vaive located at inLeTfuCC port No. WM2-WI1,

§;§'3 1 High Iquld Level Shut Dewn: With the subsystem opev:
ing and while it is distilling water close MUV 421-19 to

cycle liquor transfer frem the svepcrator. After a pericd

the evaporator level will rise and the following cvents wi

A. Valve No. 509-01 is driven to’ deliver ¢ondensate to” the
recirculaticn.lcop.

B.Motor No. 5329 and

\ AGE'B the ccndsnser pres

03,&(‘; ALQUMXN CCHpIessSOor pressur
Cﬁ\? R of these conditions
puud will be steppe

Favcerd on vhe ftest loy wh

o v f 1

it el b Gt e A A

pre evels (Pc § & eV
“the maximum time has clupsed. Record beith prossus
intervals duril [ criod between events AZB. .

[y
e U

4.3 unt cn the N

rep estart the i

It ! rer to the ;

< 4 " . e D s I :
OO L [ | H ST LOY OQF :

‘that! mea :u1ed in 4:3.2. above, or 4 lite-s whisheve :

. lesser. With the subsystem operating acrmally, as :

by : . :

1. Pc <: 40 izm Hg Abs
2. 8P 15 #m

3. Ccndensate
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Cpen the waste tank input port SLOWLY and drain ihe water
centained thercin.  No measure of that quantity Is nccessary.
When all of the water has been drained the subs

i

‘ Cdrads system will have
Gegin the shut-down scquence described in 4.3, 3

Evenis A § B

sheuld cccur in the suaie scquence. Record whether or not they
are repeated, and the pressure readings, at 15 minnte intcrvals,

, 1 n i
r . during the 60-minute (maxiimum) period between cvents A & B.

4.3.3.3 Conductivity Recycling: Install CHEMTRIC tool No. >593-
T-9891 betwecen the two halves 6f the MDV at the Liguid Pump (cem-
penent 548) condensate output port (the lewest of the thrce MDV's
on the right side of Component 548, facing the installation, is
the condensate- output MDV.) Cecnnect the tube on tcol 3098-T-9891
which faces Cemponent 548 to drain; condensate will flow {from
that +wbe. Connect the cther iwbe on that #ool ©o the suiput
line of a Ravaant pecisteltic prwp. With énovhoc peristalil
cunp deliver the quantity of watero deicrmined in 4.3.2, to the
rank, and restart the subsystem. ¥While walting {or the cper
parameters to reach equilibrium, prepare one liter of =ac
tion listed below. .

A. NaCl in deionized water - with electrical conductivity
of.35 + 5 micro-mhos/cm  (2.50 X 0% 1o 3.233 x 1904
ohyrs-cm)

B. NaCl in deicnized water - with el
of 60 + 5 micro-whos/cm (1.54 x .
ohjrs-cm)

o

With the subsystem in normal operation delive -
icnized water throcugh the tool between the o

halves. The water will flow threugh the conduc
(570), through the post treatment cells and out i
valve at WrM2-W1l. Check that water pumped into the
that path and record the observaticn on the. test

. ) % .- a1 g
: ey O 10
) ! ne pors

()

Pimp selutien 3 1nto 1le R :
55 to enter the lines. Solut 1d cause » SRR
. ] driven to the ocpposite nd divert The woio:
i Ef;; recirculaticn lcop rather than the post t » 1
< that the valve pocsition has changed wh 3
< & through the conductivity cell (570). a
58 test log. Shcould the wvalve not change "
v é?“w ot Nz2C1 in deionized w with clect :
: &y 3 s .33 x 107 1,18 ahran :
: S o . : i . :
- 2 (-7 cirenul i
i aficc chang n i
thie valve vositisn not chaasge with any 2
tact the project enginecer for rescluti

flush the highly conductive

X

Finally deliver ten liters of (g3 nized water throu
=

condansate circu

[
ct
~+ -
(o]
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This water will terminate in the waste tank; there fore, to avoid
cverloading that tank deliver the ten liters in five 2-liter
batches. Between cach delivery deain 2 liters lrom thc tonk,
When the loop has been flushed manually reverse valve no. 569-01
) back to the post-trcat loop. Should the valve :@gain be driven
elcctrically back to the recirculation loop, repeat the ten-
liter flush sequence with deionized water until the valve can
: manually reset to the post-treat loop. Record on the test leog
) that the valve has been manually reset - or that it cannot be
manually reset. In that case a malfunction has occurred and the

be

.é§ project cnginecr must be contacted for resolution.
& 3 SR | - -

- Remove the tool between the MDV halves and vecouple the MDV;
;?c¢ cntinue operation of ihe subsystem until water is (u‘ll‘J]Cd
E;é? thOUgh the in-line relief valve on KM2-W1.

égﬁv 4.3.3.4 Manual Shutdown: When it is established that the sub-
‘; system 1is 1n normal operation activate the MANUAL- SHUTDO¥N OVER

RIDE switch on the controller. The shut-down sequence described
in 4.3.3.1 should be repcated autcmatically. Record that it has
- or that a malfunction has occurred.

4.4 FinaluCheck: The checkout and ope atlonal tests, %1Viﬂg Doen Colis
pleted per the above paragraphs, have established that the SL55y"’e i
be "fine-tuned" for maximum performance. Some subjectivity is nescessary
on the part of the test personnel to observe, record and report any sus-
pected areas vhere product improvemznt 1S \411“nted. No list of what o
rcport as a deficiency can be a complete list; sowe chservations which
cshould be TEPOLLed are: potential ha zards, odors, hot spots, vibraticons
2xcessive noise, irregular sounds, saoke 1 -aks, *"f1n>, adi »1 ticns
end, of ccurse, 2zany deformations which resultzd frem the previ aries

of tests.

5.9 -
> Prain the waste tank und
of Cicse the insulaiad co
tillatl unted, keeping the manome -
ed so tbat théy can be read from outside the
the electrical power and start the subsystem. while it is any oh
eguilibrium provide a means to measure water distillation rate within +

5§ cc in 15 minutes "+ 5 seconds. (A 500 ml graduated cylinder to receive
the cutput from WM2-W1, and a stopwatch are recemmsnded).

15§ -minute
peratura and

Plot the m2az
formance curve, p n
conditions are met the recov
essary to adjust recove
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A, The newly-peasured perivrmance point (recov. riaie vs. room
temp.) lies within § percent below and 15 percent asbove the
curve shown for zero solids, and

B. The compressor head risce is less than S wmlig..

/ There are five cther intecrpretations of the test results; they are listed

below: : ’

A. Recov. Rate higher than 15 percent above the curve, delta P
less than 5 mm Hg. Proceed to Section 5.1°.1.

B. Recovery Rate lower than 5 percent belcw the curve, delta P

- less than 5 mm Hg. Proceed to Section 5.1.2.

C. Recovery Rate. hlgher than 15 pexrcent above the curve, uplta P
greater than 5 mm Hg, Proceed to Section 5.1.3.

D Recovery rate with limits, delta P greater than 5 mmllg. Pro-
ceed to Section §5.1.4. _

E. Recovery Rate lower than 5 pcrcent below the curve, delta P
greater than 5 mm Hg. Proceed to Section 5.1.5.

§.1.1 Rate High, Delta P<5Smm Hg: The mecst probable cause for a
higher-than-predicted recovery rate is that the distillaticn pro-
cess 1is occurring at a higher-than-predicted tcmperature. The
condenser pressure should be no greater than the water vapor satui-
ation pressure at a temperature Z20°F higher than room tesmporature.
If the condenser pressure is greater than that limit it 1s neces-
sary to ventilate the distillation corr riment. Consult with th
project engincer for placcment, size aad lccation of ventilation
cpanings in- the cebinet.

()

If the condenser pressure falls below the limit set by a 7Z5°F
incrcase in saturation te Akelatule gbocve room temperature the high
apparant recovery rate might be caused by a.liquid lzak ir: i
"vunorafor to “uc Fﬁﬁdé“SuT. To h°ck whether a lezk

sr ihan 5 1% cha —(w) o veriis

that iwmprovement in coandactivity i
"must be corrected. The distill

Check for leaky welds across th Lh
in the main shaflt.

e .

1. A lower purge rat
cratory pump. L
ser through the
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Better coverage of the eveporator surla
prebably causced by better concentricity
fiace” to the center of retation.

otating

Lower pressure loss across the r
cd with the stuaticnary demister.

ce by the [:cd

of the cvapoeraio

PR
chan

demistoer

i

J

L
i

o

1.
RIS

—

motor than experienced

' 4. Higher compressor spced with the 400 Hz
with the 60 Iz motor. -
S. liigher heat trunsfer coefficicent to the cvaporating fila causcd
by the higher centrifugal force gencrated by the higher evupor-
ator speed.-  F .
| Delta PLE vr ol
3 roCovecy S, g
4 conditicons which are mmore b vheeX
ed before rectification as
First, verify that the condenser pressure is gieater than 35
zsm Hg Abs (as read on the absolute mancumcter). If cendenscer pres-
sure 1is lower than that level the distillation pr 1 i
place at teoo low a temperature. It is necessary '
the thermal insulation arcund the distillation c=
the project engineer for methods to impraove the
Second, sn excessively high purge 1
latent heat {water in vapor form) frem
the electrical cennecter cn the purge pum 2
not run, and repeat the recovery riate test i1 g
as it takes for the comprassor pressure 7} ed
or for 50 minutes which ever eccurs first. 1
g B! 2 Shoul 2st i Ve
j 3 i ¢ o ¢ e
A D RESSBE o1
N t
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Lie 0
Eras5s5i ; %
1z ihe i
compre i
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X lubiicant to all bearing suriaces.

P
—
\/

Should the valve opecration prove satisfoctory meoosure the ax-
ial clearance between the rotors and the stationuary housiang (lat
surfaces (verily that mcasurcment with those made during comspressor
asscmbly in 3098-AS-9100). Divide that total axial clearance in
-half and machine that halved dimensien from the compressor ccnter
housing. Center the rotors within the center scction by machining
the shoulders at the drive end of both rctors. Re-asscmble the
compressor per the Aachbly Spec and repeat the calibraticn tost.

If the 1pcovery rate contintes to be lower than the. TANge spec-
ified above the cause is one or more of the following conditicns.

ey 4

A. A coating or insulating barrier exists on Lhe gvaporator

surface which is restricting heat transfor, : 1o
rcughen ih« snrface «and venove any coztiang choul o

.
: and the cali anﬁ-01 repeated.
B. The cowpressor speed, driven by the 14- pole 4500 Hz wmoiox
& . lower than 1}0 speed was when driven by the 2-pole 60 iz
I3 motor,
é} C. Though very unllxbly, a low rﬁr0»01y 1
Qub pressor puressure rise could be ¢ £
& frvoin the condanser to . the cvanc: Inspcc )
welds in the cvaporator/condeaser cowmen bowl os
Qép - those which 15 "above' the liaquid l=2vaol,

Sheuld the low recovery rate
-“avc a:tcmocs contact the projact c&wineur
re s

condition mo
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-~

zad the purge pump or to seplace the purge punp with oie of great-:
cr i 1ILLL)’ i

NOTE: - Carc smuist be taken to keep ceodensed water ont of ihe vine-
+ meter lines. Realizing that the manomeiers nce Jocated in

an awbicnt cooler then the distillation unit - vwhich con-

tains saturated vapor, the. operator must be certain that

2 water does not condense and stand in the interconnecting
Q’é? lines. Should some condensation occur the applicaticn of
to the linecs will vaporize the water and send 1t boo

b

necat
<§2§y to the distillation wunit. This note is included haore to rc-
Q?rcy mind the opeérator that the high delta pressure might be sim-
% ply an errdneous reading caused by a rolumn of water stand-
ééP ing in.one (or both) of themanometer - lincs. '
S.1.4 Recovery P oramal, Pressure Rise Hicsh:  The 4
cause de‘IdE”AIiZ“KﬁL c of this donditiﬁh is the prasand .
condensible gasses in the distillation uait, which is the result of
either an inadcquate purge rate or a gas leak. The check-procedurs
for rectifying that condition is explained in Section 5.1.3, zbove
Follcw that procedure.
Sheould the tests in 5.1.3 show that non-condensible gesses in
the condenser is not the cause for high pressure rise, aund that
the manometer lines are free of sitanding water columns, the next
most prcbable cause: is inadeguate coverage of the cvaporator sur-
face by waste liquid. Disconnect the feed linz betwzen the |
pump and the distillation unit and direct the pump delivery t
graduated cylinder. Operate the pump and measure the feed flc
r'Le, it should be greater than 15 1b pbl hour (1,9 cc/@in min
It the puwmp delive ry rate 1s lower than the min: Ain that i
(delivery to sea-level pressure) comnect th -1lit
vacuum £rap flask, evacuate the flask to saturati sure
fzed-wat er temperature and cperate the pump tas.,
b WeT is
in gl i
ISR Tatod.
1230 ITivery ‘
the min sum the inaleguale sveporatoac o
some mechanical uL"qulthy of cyiindricael
with respect to its votaticaal v, Foctifi
diticn resquizres .a major roWeoik @ distillac
alizing that the recovery rate thin the to
rework might not be warranted. ult with th:
for an evaluaticn of the penalt reduced by ;
nressuTe rise, & icn o cther the =
tertt o shiould be

"V thp ILow

L ticns Or combinations of conditia
;est results. The non-condensible-ga

§.1.3 sheuld be run first to dLLcmg
high-pressure-rise condition. Any lcaks o1
must be rectified before proceeding further.
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The feed {low rate test explatned in =eciien §5.1.41 henld e ‘
run to verily that the cvaporator is being feed a sulficient
aquantity of ligquid to maintain a continneus Litm all ihe wuy to the
veeycle trough. A foed rate belew the minimum reynirves ihat
liguid pusmp be re-calibiated before proce cd1ng Capiher.

r : A check for water in the manomecter interconinecting lines should

be made to verify that the manometer rcading is the actual compress
or hecad rise. If after those tests are completed the paramcters
("rQCOVC“y rate and compressor head rise) ch”nge to one of
zbove-described five conditioens procced under the appv;wriu'
graph. If however, the recovery rate Lcmqlns low and the heo
remains high prccéed as described below.

Disasscubly of the distillaetien unit P
Yith only the ouiter shell and con ser ‘ FRSESEN Y B
; dial indicator against the cv 01 ‘ater/cendenscr cy”:n‘ 1L,

diSCGlHuLL the three drive belts and rotate the she ho

Read the maximum run-out (eg(vntrlgnuy) at the compressor "ﬁd ihe
tlough nnd and mid-way between the two ends;a maximum run-cut of
.030 is acceptable at any location. If the ecc eniriclty excezds
that dimension the cvaporator bewl must be rzworked to bri

cccentricity back to that limit--and the cuansce for the chan
identified and rectiiied.

Should the evaporator eccentricity 11
check that the holes in the «dam at the
are- Jloiated such that they drain the
a dry area on the cecvaporator surface.
between a hole usnd the evaporator surfa
maximum eccentricity measured above.
“frcm hole to evaporator sbcn1d be measur
rather than the hele centevrlin It is

fitring drill be inserted int
Ladenf feeler sage be inservto:s
é? snctace to detormine the ra
N ]
o0
‘ 5“7):‘ -
[ o [l -3
$§ > 3 SEa) le NS 5
& c Lbrt.Llun test. Should t st i
other five conditicns proceed under I
howaver the veceovery rate 1+ ins 1 '
hish or if n9 changes wove in ¥
i o e rsin Bala Cacniions Tonostey, :
cilie yoa T s out
o (I i b :
are 2SS
i 21 in rie M
§ cifie 3 H
ject illztl




not prodace sn lbaprovesont in these parameters conseit ihe project
cngincer anyway; the plfb]‘ﬂ is mere subtle than any proevansly
encountered.  Record any change made in sectien $.1.X on ihe hiztor-

ical log.

P N

5.2 Purge Ratc Calibration: If no dujUbtmuntb to phrgc rate, cither to

increase it or reduce it, in any plCVlOUS testing it-is nccessary to

minimize that rate at thls point to maximize water yicld from the VCD
sewbly.

Pass the output flow from the purge pump through a trap

submerged in
a bath of dry ice and gcetone. Place-:a micronmcter-controllcd needle
valve of known equ1valcnt011flge calibration in the purge pump inlet
Operate the VCD asscmbly through scveral enc-hour runs at Jdecroasing
wedle valve openings. Measure the water collected in the tran ey )
eiach run and observe cempressor head rise Juring cach wun. SHCce
ive run will show a decreacsed quantity of water cellected in tre
at scme -valve setting, an increcased compressor nead risc will bb measur-

ed. Stop the one-hour runs after that during which the higher head rise
is detected. Note the micremeter needle valve reading dUIIHg the
immediately preceeding run and convert that reading to an equival:

orifice diameter. Build a plug to fit the purge pump inlct CPV a 1
an orifice hole into the plug which is 10 %o 15 nercent lf"gfr
than the equivalent orifice established with the micrenx
Repeat the calibration test to (1) verify that the orific
the pump 1inlet port 1s not too small and (2) to mgasu
flew rate with: the permanent orifice in place. Racord
£ size and the final purgb xaLer tlow rvate on the test lco
5.3 Water Qﬂulluy No LdSte has beeéen processead by the
d it is eapprepriate that some important measurements be
water quality to establish that st t ment cel.
fact int r”du:e LDQt:HLHuﬂtS to tuct T 3tyos
i to be made cn water extracted 1 i inns
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APPENDIX D

WATER QUALITY ANALYSIS

This section is a report written for NASA by Northrop
Services, Inc., to describe the results of chemical analysis.
Both untrcated and post-treated water samples gencratcd during
the ten-day parametric urine test were analyzed and a detailed
analysis of untrcated distillatc gencrated on days 2, 5 and 10
is included.
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Chemical Analysis of Water.Samples
from the Vapor Compression Distillation
System .
(Chemtric, Inc. NAS 9-13714)

The chemical analyses reported herein-are in support of
the Vapor Compression Distillation System test which was per-
formed by Chemtric, Inc. Three samples were analyzed for pH,
resistivity, total solids organic and inorganic carbon and 17
separate ions. Seventeen samples were analyzed for pH, resist-

ivity, organic and inorganic carbon, silver, ammonia nitrogen,

and phloride.

Sample identifications are listed in Tables 1 and 2.
All analytical data collected in these analyseé are reported

in Tables 3 and 4 and the Water Analyses Report Form.



Table 1

Untreated Condensate

Sample Number . Samp}g_}dgpﬁjf@cgtion
474 - 66 | Day 1 4-10-74
474 - 67 |  Day 2 4-11-74
474 - 71| - Day 3 4-12-74
474 - 79 | - Day 4 . 4-15-74
474 - 81!' © Day § 4-16-74
474 - 84i ' Day 6 4-17-74
474 - 95 ' - Day 7  4-18-74
474 - 97 ' | Day 8 . 4-19-74
474 -105 . _ Day 9 4-22-74
474 -107 ‘ Day 10 4-23-74

P
-
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Sample Number

Table 2

Post Treated Water

Sample Identification

474 - 68
474 - 69
474 - 70
474 - 80
474 - 82
474 - 85
474 - 96
474 - 98
474 -106
474 -108

Day

Day
Day
Day
Day
Day
Day

Day

Day

Day

10

4-10-74
4-11-74
4-12-74
4-15-74
4-16-74
4-17-74
4-18-74
4-19-74
4-22-74

4-23-74

s
wt
N
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Table 3

Analytical Results

Sample Resistivity, Carbon, ppm
Number pH Megohm-cm Organic Inorganic
474 - 66 5.2 0.15 12.5 <1
474 - 68 7.1 0.045 - 4.5 2.5
474 - 69 7.0 0.070 3.5 o
474 - 70 | 6.7 | 0.057 4 1
474 .- 71 4.2 0.030 - 20 , <1
474 - 79 | 4.1 0.030 21 o<1
474 - 80 | 4.8 0.038 5.5 <1
¢ 474 - 82 6.9 oloSs 6 1.5
) 474 - 84 | 4.8 0.050 23 <1
474 - 85 6.8 0.070 7° 1
474 - 95 4.6 0.040 43 , <1
474 - 96 | 6.8 0.067 7 1
474.- 97 | 4.5, 0.043-. . 32 <1
474 - 98 6.8 d.067 27 1
474 -105 4.4 0.035 24 1
474 -106 6.9 0.045 14 ° ' 1
08 6.6 8 <1

474 -1

0.054
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Table 4

Analytical Results

Samﬁle Silver, Chloride, Ammonia
Number ppb ppb Nitrpgen, ppb
474 - 66 50 -- --
474 - 68 300 -- 36
474 - 69 500 - 150
474 - 70 800- -- 258
474 - 71 <So - - 192
474 - 79 L K507 210 450
474 - 80 1200 500 1428
474 - 82 1200 - - 830 960
474'- 84 <50 - 270 1250
474 - 85 1400 620 1150
474 - 95 <50 30 - 1535
474 - 96 - " 1300 600 - 1160
474 - 97 100 200 1625
474 - 98 " 1000 550 1350
474 -105 < 50 240 1485 B
474 -106 900 900 1510
474 -108 =~ 50 610 1450
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WATER ANALYSIS REPORT

)?ource: . Date: Sample
Chemtric 7-18-74 R
Det.err.ninat~ion Specific:ation. Limits 474-671474-81 474-167 :

pH 68 4.8 4.8 a.s
zResnstlwtg (Megohm—cm at Reference only 0067 0 05’ 0.03
Total Solids, ppm TBD but < 500- 11.6 1.5 2.5
Organic Carbon, ppm TBD but< 500 16 ” 24
Inorganic Carbon, ppm- - Reference only <1 <1 <1
Cadmium as Cd, ppb 10 ' <10 <10 | <10
Chromium as Cr+6, bpb 50 1.2 2.7 8.5
Copper as Cu, ppb . 1000 <s0 f[«so |<so
Iron as Fe, ppb 300 2000 500 600

| Lead as Pb, ppb 50 <500 l<soo l<so0

(' Magnesiuni as Mg, ppb Reference only 20 < 10 |< 10
Manganese as Mn, ppb 50 <50 |< 50 | <50
Mercury as Hg, ppb 5 42 { < 5 1S
Nickel as Ni, ppb - 50 - £100° 1000 1000

[ Potassium as K, ppb Reference only . 70 150 1S
Silver as Ag, ppb. 50 <50 < 50 IS -
Sodium as Na, ppb Reference only - 100 250 )
Zinc as Zn, ppb 5000 70 40 IS
Ammonia as N, ppb 3000 - 120 1290 IS
Fluoride as F°, ppb 20,000 675 800 550
Nitrate as N, ppb 18D 3300 [< S0 | < 10
Sulfate as SO4'2. ppb 250,000 400 500 500
Chloride as CI°, ppb 450,000 170 160 255
*IS Insuffici.ent sample






