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SUMMARY

The preprotatype Water Quality Monitor (WQM) subsystem was devel-
oped as part of the Regenerative Life Support Evaluation (RLSE) Program.
This unit was designed based on the technology and use of components
resulting from a breadboard monitor for pH, specific conductance, and
total organic carbon (TOC). The breadboard equipment demonstrated the
feasibility of continuous on-line analysis of potable water for a space-
craft. The preprototype WOM subsystem, designed by Oriocn Research,
Inc., incorporated these breadboard features and, in addition, measures

ammonia and includes a failure detection system.

The WQM samples water continuously using a peristaltic pump to
neter the samples, reagent, and standard solutions to the analytical
gsystem. These fluids are delivered to the sensing manifold where
chemical operations and measurements are performed using flow through

sensors for conductance, pH, TOC, and NH Fault monitoring flow

3
detection is also accomplished in this manifold assembly. In the
interest of rapid response, all components, assemblies and interfaces

‘handling the fluids were designed to have minimum hold-up volumes.

The WQM is designed to operate automatically using a hardwired
electronic controller. This controller provides the necessary elec-—
tronics to control and readout pH, TOC, specific conductance, and NH3.
In addition, automatic shutdown is incorporated which is keyed to four
flow sensors strategically located within the fluid system. Automatic

calibration is accomplished every six hours and lasts 15 minutes.

N



PROGRAM ACCOMPTLISHMENTS

Successfully integrated breadboard system and proven sensor com-
ponents into a modularized structure representative of flight

hardware,

Minimized reagent consumption, thus reducing system weight due to

expendable requirements.

Incorporated reliability by minimizing the number of connections

and tubes by using a manifold base plate assembly.

Incorporated a failure detection system utilizing ultrasensitive

flow sensors:located at strategic points in the fluid system.

Identified an elastomeric peristaltic pump tubing material which
resists chemical attack from the reagent solutions, resulting in

demonstrated pump tubing iife over 75 days.

Demonstrated a total of 30 days of succegsful in-house operation

design verification and baseline testing.



CHAPTER 1. INTRODUCTION

This report describes the development of a Preliminary Prototype
Water Quality Momitor by Orion Research, Inc, under NASA Contract NAS 9-
14229, 1Initial work om this contract reéulted_in production of a breadboard
monitor for pH, specific conductance, and total organic carbon (TOC).
This unit demonstrated the feasibility of continuous on-line analysis of
potable water within the restrictive specifications of spacecraft use.
Upon completion of the breadboard work, the contract was modified to
include the development of a "Preliminary Prototype' instrument, one in
which the design considerations for the f£fluid-handling and sensing
systems were those of space hardware. The preprototype system also

measures ammonia, and includes a failure detection system.

Included in Appendix I are pertinent paragraphs from the original
Statement of Work, as well as from the contract modifications and the
preprototype Design Review. These provide background informatiom
pertaining to the scope and purpose of our work. A detailed account of
the breadboard development is contained in the "Interim Report on the
Breadboard Water Quality Monitor" which is available from Orion, and
additional information is contained in copies of two ASME publications
in the Appendix. This report concentrates specifically on work con—
nected with the "preprototype phase' of development and completes the

documentation of this contract.



PROGRAM OBJECTIVES

The primary program objective was to develop an improved Water

Quality Monitor Subsystem for assessing water purity on advanced space-

craft vhere water stores are recycled. The preprototype Water Quality

Monitor was to be desigred with the same basic operating principles that

were successfully incorporated into the breadboard system, but with the

following improvements:

1.

Integration of the sSystem components intc a modularized

flight representative package.

Minimization of reagent consumption.

Improvement in reliabilicty.

Minimization of fluid connections and tubing.

Improvement in sensor design.

Incorporation of a failure detection system.

AN



WATER QUALITY MONITOR CONCEPT

The water quality monitor concept is depicted in block diagram form
in Figureld. The water sample enters the gystem through a pressure
regulator and a particulate filter. The sample is then split into two
styeams befq;e entering the pump. One sample stream goes to a conduc-
tivity cell where the specific conductance is measured. Then the acidi-
fied monopersulfate solution is added, lowering the pH and providing an
oxidizing agent. The other sample stream goes to the pH sensor where
the pH is determined. The sodium hydroxide 1s then added and the stream
is agitated in a mixer. This results in a basic sample stream, which is
necessary for the determination of ammonia in the ammonia sensor. The
two streams, one basic and one acidie, then enter the stripper on oppo—
site sides of & gas permeable membrane. The inorganic carbon in the
acidic stream diffuses as carbon dioxide across the membrane where it is
fixed as carbonmate. TIn this way, inorganic carbon specieszs in the sample
is removed prior to determination of orgamic carbon. The acidified
sample then goes to the UV digester where the action of the UV light and
the oxidizing agent serve to oxidize all of the organics in the sample
to carbon dioxide. The CO2 concentration is measured by a gas-sensing
CO2 electrode. This measurement is proportional to the organic carbon
concentration of the original sample, Periodically, standards A and B
are introduced into the system in place of the water sample to permit
automatic system calibration. Four flow sensors are located at stra—
tegic places on the fluid lines to detect fallures resulting from a

fluid leak, an occluded chamnel, or a failed pump tubing.
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CHAPTER 2. WATER QUALITY MONITOR DESIGN SPECIFICATIONS

2.1 Design Considerations

2.1.1 Water Quality Monitor Specifications Goals -
As a goal, the water quality monitor shall meet the following
specifications when tested at the water conditions defined in section

2.1.2.

2.1.1.1 Range and Precision

pH 4 to 10 + .1

Conductivity .1 to 1000 umho/cm + 5% or
f.l pmho (whichever is greater)

Ammonia Content .1 to 50 ppm + 2% or + .5 ppm
(whichever is greater)

TOC Content 1 to 100 ppm + 10% or + 1 ppm
(whichever is greater)

4

2.,1.1.2 Response Time

pH 2 minutes
Conductivity 2 minutes
Ammonia Content 2 minutes
TOC Content 5 minutes

2,1.1,3 System QOperation

Capacity: 30 days continuous automatic water quality

monitoring.

Calibration: Automatic calibration of all four measurement
parameters at set time intervals. Manual
initiation of calibration when desired.

Fail Safe: Automatic safe shutdown in event of system

. failure.

e



2.1.1,3 System Operation {(Continued)

Read-Qut: Direct-reading digital display, 0~-5 wvolt d.c.

signal output.

2,1.1.4 System Design

Minimum weight, power, and volume.

Minimum consumption of expendables and water.,
2.1.2 Water Quality and Supply Characteristies
2.1.2.1 Sources

Urine Water Recovery Subsysten
002
2,1.2.2 Flow Rate, CC/MIN (PPH)
Nominal 15 cc/min (1.98 PFH)
Maximum 23 ce/min (3.04 PPH)

Reduction Subsystem

Minimum O

2.1.2.3 Water Supply Pressure

Maximum 15 psig
Minimum 10 psig
2.1.2.4 Temperature
Nominal 32.2 (90°F)
Maximum 35.0 (95°F)
Minimum 29.4 (85°F)
2.1.2.5 Fail Safe
Automatic safe shutdown in event of system failure.
2.1.2.6 Read-Qut
Direct-reading digital display, 0-5 wvolt d.c. signal output.



2,1.2.7 Ipstrumentation and Data Display

Data Range Display
1. pH 4 to 10 + .1 Digital, LED
NHB .1 to 50 ppm #+2% or Digital, LED

+.5 ppm (whichever is
greater)

3. TOC 1 to 100 ppm +10% or Digital LED
+ lppm (whichever is
greater)

&, Comductivity .1 to 1000 mho/cm +5% Digital, LED

or +1 mho (whichever

is greater)

5. Fluid Reagent - 3.5 ml/hr Edgewise Meter
Flow + .5 ml/hr High-Low Indicator
Rates Sample & Reagent

18.5 ml/hr +5 ml/hr



CHAPTER 3, WATER QUALITY MONITOR SYSTEM DESCRIPTION

Fluidic System

The preprototype WQM comsists of three packages. Two of these
contain the operation and read~out electronics and the third is the

filuid-handling package.

The fluid system is the heart of the WQM and represents the bulk of
the contractual effort, The design of the fluidic system represents a
dramatic departure from that of current commercial instrumentation. The
high degree of reliability demanded for spacecraft hardware necessitated
the elimination of plastic tubing, threaded fittings, etec., so the WQM
flgidic system is designed around a manifolding concept., The £luid

system is best described as four principal assemblies.

The first is the fluid input assembly. It acts as the interface

between the WQM and the potable water supply. It consists of a pressure
regulator for the sample and a valve manifold which interfaces 2 re-

agents, 2 standardizing solutions and the sample to the pump.

The peristaltic pump is used to meter the sample, reagent and

standard solutions to the analytical system.

The senging manifold is where the chemical operations and mea-

surements occur. Flow-thru sensors for conductance, pH, TOC, and NH3,
as well as for flow rate monitoring are located here. The components
are designed in the form of individual blocks which are bolted and o-

ring sealed to a master block which comntains the appropriate geometry of

conduits.

The UV chamber is a separate fluid component, not integral with

the sensing manifold because of its thermal charactexistics.

In general, all of the components, assemblies and interfaces which
handle the fluids are designed to have a minimum hold-up volume in order

to promote rapid responses to changes in sample composition at low flow

el
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rates. Fluid conduits are in the order of 0.75 mm I.D. wherever pos-

sible, and in some instances such as in the CO, stripper and sensor

2
orifices are as small as 0.2 mm in width.

Fluid Input Assembly

The fluid handling system.is depicted in Figure 1.1. The WQM
transports five fluids in its various modes of operation -sample, 2
reagents, and two standardizing solutions. The sample enters the moni-
tor at a specified pressure range of 10-15 psia. and passes first

through a pressure regulator (Go, Tne., Photo 13.) where the sample

pressure is reduced to 2 psia, The gample is drawn from the regulator
and through a small in-line filter (Angar Scientific) by a peristaltic
pump (Photo 6) and through a tubing manifold (Photos 5,7) where the &
other fluid lines are comnmnected., These four lines are from the reagent
and standard containers located below the base plate (Photo 4). All
five tubing lines are 0,75 mm I.D. 316L 35S and are welded to the tubing
manifold plate which is also 316L.

The fluid lines pass straight through the tubing manifold into the
polysulfone block of the valve manifold (Photo 5). These blocks are
bolted together and the £luid interfaces are sealed with Viton o-~rings.
The two reagent lines pass directly through the valve manifold into two

channels of the four chaunel peristaltic pump.

The sample enters the ''mormally open" port of a three-way miniature
solenoid valve. In the normal "on-line" condition, the sample flows out
the "common" port of the valve to a "tee" which is integral with the
block and where it is split and drawm through the remaining two channels
of the pump. The first standardizing solution "STD A" is plumbed toc the
"normally open" port of a second valve, the "common" port of which is
connected o the "mormally closed" port of the first valve. The second
standard solution "STD B" runs to the '"normally closed” port of the
second valve. Thus when the valves are not energized, sample solution
is pumped. When only the first valve is energized, STD A is pumped, and

when both valves are energized STD B is pumped.

The solenoid valves were constructed integrally with the polysul-

fone blocks by Angar Scientific, Inc. The valve manifold is bolted to

38
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the pump frame and the four exiting fluid lines are interfaced with

Viton o-ring seals,

Peristaltic Pump

The peristaltic pump (Photo 6) was designed with extra caution for
this application. Only in this component does the transport of fluids
through elastemeric tubing occur, and therefore it is the area of highest
risk in terms of lezkage., Extensive testing of pump tubing was required
in order to ensure reliability over thirty days of continuous pumping
and these test results are contained in Chapter 5. We selected 1.5 mm
I.D. silicone rubber for the sample channels and 0.75 mm I.D. Elkay
(peroxide cured Viton) for the reagent chammels. These tubes provide

flow rates of 12 and 4 ml/hr respectively.

The pump housing and frame are 316L 5SS and the rollers and pressure
plates are Teflon coated SS. The four pump tubes are clamped to SS
barbed fittinge which are welded to the frame on both the input (valve
manifold) and output sides of the pump. The tubes lie across spring
loaded pressure plates, and the roller carriage-motor assembly is
bolted down, pressing the tubes against the pressure plates to a spec—
ified spring loading which provides sufficient pumping pressure without
excessive tubing wear. The AC synchronous motor rotates the carriage
and drives a planetary gear system which rotates each of the twelve
rollers so as to eliminate abrasion of the tubing. The tubing, teflon-
coated rollers and pressure plates are lubricated with silicone oil to
further reduce friction. When the pump is not running, the pressure
plate assembly can be disengaged with a knurled bolt located on the

bottom of the pump, so that the tubing will not remain compressed.
The entire pumping assembly is housed in a stainless steel shell
which is sealed with Viton o-rings. Ian the event of a pump tube rup-

ture, no £luid will escape the pump and become a hazard to crew safety.

Sensor Manifold

All of the chemical operations of the WQM except the UV digestion

occur in the sensing manifold, which is machined from polysulfone

2
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(Photos 9, 10, 11, 12). The individual compoments are bolted to the '
main block and all fluid interfaces are Viton o-ring sealed. The
sensing manifold contains the following components: specific conduc-
tance sensor, CO2 stripper assembly, TOC sensor, pH semnsor, NH3 sensor,

two thermal flow sensors, magnetic mixer and waste block.

The general plumbing scheme (Figure 3.1) of the monitor is largely
determined by the TOC measurement requirements because this analysis
requires the greatest number of operations to be performed on the sample
solution. In the TOC determination the inorganic carbon — H2003, COZ’
HCO3 and CO3 - must be removed from the sample so that it will not be
measured as TOC. This requires the use of an acid reagent to free the
inorganic carbon from the sample, and an alkaline wreagent to absorb it.
After removal of inorganic carbon, the oxidation of organic carbon is
carried out, and then the TOC (002) measurement is taken. The measure—
ment of specific conductance, pH, and NH3 is accomplished by the proper
location of these sensors within the flow pattern dictated by the TOC

measurement.

The sensing manifold interfaces with the pump via a SS block which
contains two thermal flow sensors (Photo 8). The stainless steel block
contains straight conduits (0.75 mm I.D.) for the four fluid lines
exiting the pump, and each is Viton o-ring sealed to the pump at the
irput ends and to the sensing manifold at the output ends. Thermal flow

sensors are potted into thisz block on the two reagent lines.

Once split in the valve manifold, the two sample lines do not meet
again until they enter the waste block. Thus, the analytical system of
the WOM can be considered as two nearly independent and parallel systems,

which we refer to as the "acid" and "base" sides.

The TOC and specific conductance measurements are made on the acid
gside. This sample portion is pumped into the manifold and flows first
to the conductivity block (Photo 15). This sensor consists of two 6 mm
lengths of thinwalled platinum tubing (0.75 mm I.D.) which are cast by a
"lost—epoxy" technique into an acrylic block. The fluid flows in
series through the platinum tubes which act as electrodes, and the
acrylic block is bolted to the manifold. The sample describes a "U-

ol
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like" path through the sensor and re-enters the manifold where it meets

the acid-oxidant in a "tee". The ccombined streams then flow through the

block to the CO, stripper.

2
The 002 stripper (Photos 19 and 20) consists of two 316L 58 plates
with mirror-image channels milled in their opposing surfaces. A 002 -

permeable membrane is sandwiched between the plates resulting in two
parallel fluid paths which are separated only by the membrane. The 002
diffuses readily out of the acidified solution, crosses the membrane and
is trapped by the other sample stream which has been basified and flows
through the opposing channel. Volatile organics do not transfer because
their activities are equal on each side of the membrame. Volatile
organic acids such as formic and acetic do mnot transfer to a measurable
extent because their vapor pressures are toc low for significant dif-

fusion to occur in the 30 sec. residence time in the stripper.

The acidified sample stream exits the stripper and flows through a
thermal flow sensor which is housed in a 85 block and is bolted to the
outside of the stripper (Photos 9 and 12). The sample re—enters the
polysulfone manifold and then exits to the UV chamber. The sample re-
enters the manifold after irradiation and flows through the 602 (TOC)
sensor (Photo 24). The CO2 sensor consists of a capiliary pH electrode
{Photo 17) which is in contact with an aqueous NaHCO3 electrolyte. The
electrolyte and capillary are separated from the irradiated TOC sample
by a silicone rubber membrane. Equilibration of the sample 002 with the
NaHCO3 reservoir across the membrane results in an electrode output
proportional to the log of the CO2 concentration. The sensor is housed
in an acrylic block and is bolted to the manifold. The sample follows a
"J~1ike" path through the sensor and flows back into the manifold. It

passes then to a S8 waste block where it is combined with the other

sample portion. The mixed effluent then flows to a waste accumunlator.

The pH and NH3 measurements are made on the "base" side of the
unit, This sauple stream enters the polysulfone block and immediately
exits to the pH electrode (Photo 16). This sensor also utilizZes a
capillary pH electrode and is geometrically identical to the 002
sensor, however, in this case the electrode contacts the sample directly -

there is no intervening membrane. The sample negotiates a "U~like' path

Lo
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through this component also and is combined with the alkaline reagent
upon re~entry to the manifold. The sample-reagent mixture next enters a
mixing assembly (Photo 18)., The fluid is agitated by two miniature
teflon-coated magnets which sit in the fluid conduit and vibrate in an
alternating field. The mixer is necessary to insure complete conversion
of NH4+ to free dissolved NH3 prior tc measurement. The mixed basic
sample flows out of the mixer and straight through the manifold to the
NH3 sensor., The NH3 sensor is mechanically identical to the CO2 sensor
but uses an NH4CI electrolyte and a2 microporous PTFE membrane. The

chemistry of the measurement is exactly analogous fo the 002.

The final utilization of the alkaline solution is as the CO2
stripping reagent. The solution exits the NH3 electrode and passes
through the stripper. It then flows through a thermal flow sensor

before meeting the acid sample at the waste block.
IV Chamber

The UV irradiation chamber (Photos 21, 22 and 23) could not be
designed integrally with the sensing manifold because of thermal and
materials compatibility problem asgdciated with it. The ultraviolet
light source is a low-pressure mercury vapor arc in a quartz envelope
which is sealed into an epoxy tube at the electrode end. (Ultra~vioclet
Products, Inc. Model SC-1 Pen-Ray Lamp, Photo 21).

The UV chamber consists of the lamp, a2 quartz coil for the sample
mixture (Photo 22) and an aluminum reflector and is housed in a 316L S§S
block and potted in place with epoxy. The coil is fashioned from 1 mm
I.D, 2 mm 0.. quartz tubing. It fits snugly arcund the lamp (6.25 mm
dia., 5 cm long) in 22 closest packed turns. The coil-lamp assembly is
wrapped with aluminum foil and the foil is sealed with epoxy. The
assembly is placed in the SS block where the ends of the quartz coil are
captured in compression o-ring seals. This entire assembly is then
potted in place with silicone rubber. The sample fluid contacts steel,
Viton, epoxy and quartz during irradiation. The aluminum foil not only
reflects stray UV iight back into the sample, but protects the epoxy and
silicone rubber from the radiation also. Should the lamp somehow break,

the mercury (< 0,5 mg total) canmot escape the chamber.

Fd
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The lamp output is 4 watts, only 0.5 watts of which is 2337 ang-
strom UV. A small portion of the heat which is generated is carried
from the chamber by the sample fluid which reaches a temperature of
nearly 60°C and flows through the chamber at 0.25 ml/min. The remaining
heat is absorbed Bf the 88 block which is sunk to the WQM frame.

Electronics

The WQOM electronics is housed in two packages (Photo 1). The main
electronics package, which was built for the breadboard monitor, con-
tains the basic operational mode controls and indicators and houses the
pH, TOC and specific conductance meters. An auxiliary electronics unit
was constructed in the preprototype development phase and contains the
controls and displays for the NH3 measurement, the flow sensors and the
automatic shut-down sequence. The only circuits which are not located
in one of these packages are the flow sensor amplifier boards and the
electrode pre-amp boards. These are located in the fluid-handling
rackage so that lead-length can be minimized as a guard against elec-

trical interference.

Breadboard Electronics

The ccmplete breadbeard electronics package is described in the
"Interim Report on the Breadboard Water Quality Monitor." The oper-
ational logic of the main electronics unit has not bheen altered, Here
we describe only the modifications to this package which occurred in the

preprototype phase of development.

Since the preprototype has a number of modifications in the area of
UV oxidation requirements, certain electrical changes were possible.
The elimination of the cold UV chamber resulted in the need for only one
UV transformer, In order to simplify the inclusion of the UV failure
detection cireuitry, the remaining transformer was transferred to the
auxiliary electronics package. The electronics associated with temper-

ature control of the sensors was also removed from the system.

Most of the work required to adapt the old electronics to the

monitor was in interfacing the two packages. 1In the-present system, 115
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VEMS comes into the original electronics box only. The + 24VDC and +
15VDC power supplies are all locdted in this package as well. The AC

and DC power are comnected to the auxiliary package via separate shielded
cables. All DC grounds are connected together only in the main package

in order to prevent ground loops or noise problems.

Auxiliary Electronics

The incorporation of the NH3 measurement, the flow rate monitoring
and the auto shut down into the preprototype WOQM necessitated the con-
struction of an auxiliary electronics package. The fromt panel contains
a digital display for the NH3 measurement, four "edgewise" meters for
the display of flow rates, an edgewise meter for display of the NH3
autocal potential aud the necessary controls and indicator lights (Photo

1.

NH, Electronics
=

The NH3 meter circuiltry comsists of an electrode pair, a high
impedance differential pre-amplifier (with a gain of 1) and a digital mv
meter. In addition an anti-log (1og—l) circuit is employed so as to
provide direct NH3 concentration readout. The high impedance differential
pre~amplifier is located in the fluid section to keep the lead lengths
short, The meter is a standard Orion 601 digital ionalyzer, specially
modified for this application. All external connections excluding
115VRMS power are made through the rear connector (P10) and the required

rewiring for this is done.

Modificiations have also been made at the mode switch. - When set at

1 T

mv'', the differential voltage of the electrodes is directly read as in

the ummodified meter. When set at NH3 (in unmodified meter "pH") the
electrode gignal goes through a 1og_l circuit (Photo 29) which provides

the meter with a reading of NH, in mg/1.

The log_l circuit has five parts, an offset adjust, a volts/ decade
adjust, a 1og_1 section, a divide-by-ten attenuator, and a recorder
interface. The offset adjust provides a weighted sum of input electrode

voltage, calibration potemtiometer wvoltage and autocal potentiometer

s
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voltage. The volts/decade adjust section includes the slope potentio-
meter and provides 2 variable gain amplifier for the input to the 1og“l
section. The 10g—l section is an Analog Devices log—l circuit, AD755N.
The resistor which determines the calibration value is in this section.
The attenuator is a simple voltage divider which provides an output for
the digital mv meter of 1/10 of the output of the 1og_l section. .The
recorder interface is an amplifier with a gain of 10 which provides a
recorder output of 5.0 VDC for a meter reading of 50.00 ppm. When the
mode switch is in the "mv" position, this amplifier provides a recorder

output equal to 10 times the absolute mv reading.

The original offset voltage control pot ("CALIB" on unmodified
meter) is located on the rear panel. The calibrate potentiometer from
the 1c>g“l circuit is substituted for the original calibrate potentio-
meter. The slope potentiometer is located where the original TEMP/SLOPE
potentiometer (which also has been removed) used to be, and the IS0

ADJUST potentiometer has been removed.

The automatic calibration loop for NH3 (Photo 27) is exactly like
those for the other measurements. It includes f£ive units: the auto-cal
beoard, a motor, a pot, the actual meter, and a rastandardization meter.
The autocal board compares the output of the meter with a set calibration
voltage. If the two are not equal, when triggered, the autocal board
drives the motor causing it to turn the pot which changes the output of
the meter. This happens until the meter output is equal to the cali-
bration voltage. The restandardization meter reads the voltage of the

wiper of the potentiometer, and displays the position of the wiper.

The autocal board itself has five parts: a calibration voltage
source, a comparator, a power amplifier, a switch, and a timer. The
calibration voltage is taken from a voltage divider. The comparator
compares the meter output with the calibration voltage, and drives the
power amplifier with its output. When the timer is triggered, it
closes the switch for 15 seconds. When the switch is closed, the

output of the peower amp goes to the motor.
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Flow Sensor Circuitry

Referring to Figure 3.2, the flow cell operates in the following
manner, Tl measures the temperature of the fluid in the flow cell. The
heater supplies heat to the flow cell around the region of T2. T2 is
now used to maintain the power to the heater so that the flow cell

around T2 is about 1° higher than that at T1.

. In operation, the fluid will flow by Tl and then by T2. As the
fluid flows by T2 some of the heat is drawn away by the fluid. T2,
sensing the temperature change, applies more power to the heater to
maintain the comstant AT at about 1°C. ‘The increase in power is now

measured as an indication of fluid flow.

The flow cell and electronics interface in the following manner to
provide measurement of flow. The reference voltage (v + .1V) is applied
to both the ramp generator and the temperature amplifier to give them an
equal offset (see Figure 313). The temperature amplifier now senses and amplifies
the reference voltage and Tl with a gain of -1. This output is inversely
proportional to temperature and is used (as described later) to tem-
perature compensate the flow cell. The output of the temperature
amplifier and T2 are now summed and inverted in the AT amplifier. This
signal is now applied to the non—inverting input of the comparator. It
can be seen at this point that if Tl and T2 were equal, then the output
of the AT amplifier would be equal to the reference voltage. The ramp
generator produces a triangle wave signal symmetrical arcund the re-
ference voltage. This signal is applied to the inverting input of the

comparator,

The comparator at this point has the triangle wave on the inverting
input and a voltage equal to the reference voltage on the non-inverting
input. This produces a square wave with a 50% duty cycle on the output
of the comparator and into the driver. The heater now turns on at.half
power and heats the ared around T2. As T2 heats up, the AT amplifier

will reduce the power to the heater to some value less than 50Z.

To calibrate the system for zerc f£low, the gain of the AT amplifier

is adjusted so that when there is zero flow the output of the comparator

Py
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has a 30% duty cycle. Because this signal also goes into the integrator
and the output amplifier it is easier to adjust the gain of the AT
amplifier so that the output of the output amplifier is zero. (This is
a result of the integration of the 50% duty cycle). Because of the
physical configuration of the flow cell and the heater this 507% power
makes T2 about 1°C higher than T1.

When the flow is brought up to some finite value, heat is drawn
awvay from the T2 area. This will cause more power to be applied to the
heater to bring the difference between Tl and T2 back to 1°C. The power
is increased by increasing the duty cycle greater than 50%. This is
seen by the integrator and the output amplifier, and the output is

increased in proportion to the power.

The gain of the output amplifier is now adjusted to give the output
needed for the maximum input flow. Note that, because the output was
set to zero with flow, the full scale adjustment does not affect the
zero adjustment. If the flow meter is to be used with a constant tem-
perature fluid and/or enviromment it will work as described up to this
peint,. But if fluid temperature and/or environment temperature change,

the following procedure must be appended to the above.

The output of the uncompensated flow meter will rise as the fluid
temperature and/or enviromment rises. One will recall that the output
of the temperature amplifier was inversely proportional to the temper-—
ature of the f£fluid. As fluid and/or environment temperature rises the
temperature amplifier output will go down. TIf the proper resistor is
selected for the temperature compensation network, the effect will be
cancelled out in the integrator and the flow meter will be temperature

compensated.

Front Panel Operation and Fault Detection

Most of the controls and indicators on the auxiliary electronics
package are part of the fault detection system. The NHB meter has only
three controls - mode switch, calibrate and slope knobs, and these are

described in the previous section.
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Each of the four flow meters gives the flow rate at a gpecified
point within the system. Two nonvieible setpoints are associated with
each meter for high and low flow alarms. When the flow rate exceeds
these setpoints, a non—-latching alarm light on either side of the
respective flow meter will come on. These lights will remain on as long
as the flow rate is beyond the set limits, as determined by the "time
out" board (Photo 30).

Below the four flow meters is a U.V. fail indicator. If the UV
lamp fails this light will come on. The system has a built in fault
indicator that will recognize a problem with either the UV lamp or any
of the four flow chamnels. If a fault is detected the fault/reset lamp
will illuminate and one of the nine error indicators will remain on
while the others will be forced off. This will indicate which fault
caused the fault/reset condition to latch. After the error condition
has been repaired the fault/reset can be reset by either pressing the
fault/reset button or it will be reset automatically upon power-up of
the system. The conditions for a fault indication are as follows: a UV
failure at any time, will cause the UV failure lamp to light even if a
fault indication has been recognized and latched in previously; and if a
flow rate is outside the set points for more than a two minute variable,
the fault circuit will be triggered. If two flow rates exceed their
limits simultaneously within six and one fourth percent of the two
minute interval, there is a possibility that two or more of the error

indicators will stay on when the fault indicator latches.

When a fault indicated, one may wish to shut down the pump and
mixer in the fluids section. This is the function of the auto shut-down
button. When the auto shut-down is activated, the light in the push~
button will come on to indicate the active state. If the fault/reset
now comes on while the auto shut-down is in the active state, the pump,

UV and mixer in the fluids section will automatically shut off.

There are two non-labelled functions associated with the front
panel switches. The normal function of UV failure indicators is to
indicate to the operator the status of the UV lamp in the fluids sec~

tion. The indicator is also a momentary action switch and when de-
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pressed illuminates all of the panel lamps to check for burned out
bulbs.

An additional function is also associated with the four high
indicators for the flow meters. These indicators are alternate action
switches which when depressed disable the setpoint indicators and alarm
functions for each respective channel. A disabled channel is indicated
by simultaneous activation of high and low error indicators. A second
depression of the high error indicator will return the respective chan-

nel to the normal mode of operation.
General

Familiarization with the  electronics section and operations manual
of the "Interim Report", in combination with this material and the
instructions contained in Appendix IV should be adequate for an oper-
ational understanding of the WOM electromics. All of the circuit boards
are labeled adequately with test points such that an electronic engineer
should be capable of troubleshooting the system with the aid of the
circuit board photographs and the schematics comntained in the WQM docu—

mentation package.
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Photo 1. Electronics Packages. The lower unit is the original breadboard electronics.
The upper unit is the auxiliary package which contains the NH3 readout and the fault
detection circuit: .

Photo 2. Fluid Pacrkage. The top half contains the pump, valves, sensors, etc., the
lower half contains the reagent and standard containers, the filter and the pressure
regulator.
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Photo 3. Top-view FluidsPackage. From left to right are the valve manifold, peristaltic
pump, sensor manif ‘1d and UV chamber.
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Photo 4. Reagents Section. This view shows power connections, input and waste manifolds
as well as reagents and standards.
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Photo 5. Valve Maiifold. A stainless steel tubing manifold interfaces the sample, reagents
and standards with the valve manifold (Angar Scientific). The valve manifold has two 3-way

solenoid valves and a "tee" for splitting the sample. Reagents pass straight through to
the pump.

Photo 6. Peristaltic Pump.
tubing.

This view shows the pump with the rollers lifted to show the
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Photo 7. Close-up of Input Tubing Manifold. This view shows the o-ring grooves which are
used for sealing iunterfaces throughout the system.
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Photo 8. Flow Sensor Block. This block connects the four pump channels to the sensor
manifold. This shot shows the reagent flow sensors in the assembly stages before potting.
In the final version the block is teflon coated.
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Photo 9. Sensor Manifold. In this top view the fluid would enter at the top of the photo.
In the upper left is the mixer, center left - CO, (TOC) sensor, right - stripper with flow
sensor mounted at 'ower edge, and bottom - the U% chamber.

Photo 10. Sensor Manifold. The bottom view shows the conductivity cell (with red label),
the pH sensor to its right, the NH3 sensor below the pH, and the waste block - flow sensor
assembly below that.
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Photo 11. Sensor Manifold. Here the manifold is shown such that the "top" (Photo 9) is on

the left. Fluid flow is from bottom to top in this shot. The steel case on the left houses
the mixer, the acrylic assembly on the lower right is the pH sensor.

Photo 12. Sensor Manifold. The opposite side-view shows the UV lamp as it mounts in the
chamber at the top. The stripper is seen on the right bolted directly to the polysulfone
manifold.
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et 13, Input Pressure Repulator. Sample
11 be received from the water reclamation

cotem at 10-15 psig. This valve (Go, Inc)
ivduees the pressure to less than 2 psig at
vhich pressure It is aspirated by the peri-
staltic pump.

} .
Photo 14. Filter. This miniature in-line filter is a safeguard against aspiration of
- particulate matter into WQM (Angar Scientific).
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Photo 15. Conductivity Cell. The untreated sample flows through two 6 mm. lengths of 1 mm.
- I.D. platinum tubing which serve as electrodes. The fluid path and electrodes are potted

in epoxy.

Photo 16. pH Electrode. Red dye fills the sample channel while blue dye fills the reference
electrolyte reservoir of this prototype WQM pH sensor.

5




Photo 17. pH Capillary. This miniature glass electrode acts as sensing element in the

* pH, COZ’ and NH3 electrodes.
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Photo 18. Mixer Block. Two teflon-coated magnets can be discerned through the red dye.
In operation, an AC field causes these bars to vibrate and mix the NaOH reagent with the
sample prior to the NH3 measurement.




Photos 19 and 20. CO, Stripper. In operation the two stripper plates clamp a piece of
microporous teflon between them. The solution passing through the top side must pass
through the lower block in transit to and from the manifold.
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Photo 21. UV Lamp. Ultraviolet Products Model SC-1 Pen-Ray lamp.
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- Photo 22. Quartz Coil. The lamp shown above fits into this coil. The sample flows through
the coil which is covered with reflective foil.




Photo 23. UV Chamber. The quartz coil is potted into this chamber and the Pen-Ray lamp
is inserted from the right. The foil-wrapped coil can be perceived through the potting
compound.

Photo 24. CO, or NH, Sensor. The CO, and NH, sensors are identical except for the type
of membrane and refetence solution. ﬁed dye %ills the sample channel and blue dye the
reference chamber. The membrane and capillary are clamped between the acrylic blocks.

12




Photo 25. Here the platinum tubes, thermistors and resistors

of a flow sensor are shown
mounted and ready 'or potting into a block.
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Photo 26. This shot shows the conductivity circuit board.
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Photo 27. NH, Autc-Cal Board. The other 3 auto-cal boards are the same. The white button
on the top right csn be used to manually activate the servos. This board is located in the
breadboard electronlics.

Photo 28. Flow Sensor Board. Each of the 2 flow sensor boards control 2 sensors. R5 or
_R27, R6 or R28, are the pots for adjusting zero and span respectively for the corresponding
Sensors.
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Photo 29. The NH3 measurement utilizes an anti-log board identical to the above.
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Photo 30. "Time-out" Board. This board senses deviations of the flow sensor output.

"a sensor signal is outside the set-points for 2 minutes FAULT/RESET will be triggered.

"
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These boards control

controls on the WQM.

Photos 30 and 31.
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Phota 33.

Waste tubing manifold.
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LY. Fluid Consumables

a) Sample
24 m1/hr x 22.5 hr/day x 30 day

]

16,200 ml1 = 16.2 1

b) Standard A

24 ml/hr x .75 hr/day x 30 day = 540 ml
c) Standard B
1. 24 mli/hr x .75 hr/day x 30 day = 540 ml
2. TYFor Washout Mode
24 ml/hr x .25 hr/day x 30 day = 180 ml
d) Reagent A
4 ml/hr x 24 hr/day x 30 day = 2.81
e) Reagent B
4 ml/hr x 24 hr/day x 30 day = 2.8 1

ITY. Overall W.Q.M. Package Size

The overall physical dimensions are 2¢.35" x 17.25" x 12.75

IV. Power Consumption

The W.Q.M. will use a maximum of 5 amps at 110 velts A.C.
MAINTENANCE SCHEDULE
1. Pump Tubing -~ The pump tubing should be replaced on a 30 day basis.

2. Reagents and Standards ~ The reagent and standard fluid supplies
should be refilled on a 30 day basis.

3. Sensors — Each individual sensor (pH, Cond, TOC and NH3) should be

replaced on a 6 month basis. Used sensors should be shipped back to

Orion for reconditioning. New sensor blocks can be stored, dry, for an

s



indefinite period of time. When a new sensor block is needed the in-
ternal filling solution will be added to the sensor and the entire

sensor block will be exchanged with the old sensor block.

4. U,V., Lamp - The U.V. lamp in the U.V. Chamber should be replaced

every 3 months to insure proper U.V. intensity.

5. Pump Motor - The A.C. Synchronous motor should be replaced every 12

months, This will guarantee desired motor characteristics.

6. Stripper - The stripper nembrane should be replaced every 3 months.
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CHAPTER 4. WATER QUALITY MONITOR HARDWARE DEVELOFMENT

(Breadboard to Preprototype Modifications)

The "preprototype' WQM for the most part is an advanced version of
the "breadboard" WQM, however, several design changes were implemented.
Some of them arose directly as a result of breadboard experience and
testing and others arose as specific ideas regarding the scope of the

development work evolved or were modified.

Alternative UV Source

Low-pressure mercury vapor lamps are the least expensive and most
widely available sources of "middle" wavelength ultraviolet radiation.
Mercury is clearly specified (NASA Design and Procedural Standard No.
116) as being an unacceptable material in spacecraft imstrumentation,
however, in developing the oxidation technique for the TOC determina-
tion, mercury lamps were used because of their convenience. The use of
mercury lamps in the breadboard WQM was approved by NASA with the under-~
standing that alternate UV sources would be evaluated in the preproto-

type work.

UV light reacts both with the T0C reagent and with many of the
organic constituents of the sample in effecting their oxidations. The
"peroxy' linkage in the monopersulfate ion, which is contained in the
reagent, is cleaved by UV light to produce atomic oxvgen radicals which
are the principal oxidizing species. Some of the organic compounds
react directly with the UV to form radicals and thus become more easily
oxidized by the reagent. The overall rate of oxidation is dependent on
both the intemsity and wavelength of the light. ¥For example, the re-
action of photons of 2537 angstroms with peroxydisulfate ion has a
quantum efficiency of 60%. The quantum efficiency at 3200 angstroms is

nearly zerc and at 2000 angstroms nearly 100%.

The problem of finding an alternate UV source for the WQM is that
of finding one which emits a wavelength where the guantum efficiency of
the reaction with the oxidant is high at an intensity sufficient to

catalyze the oxidation in a short time. Ancther important consideration
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is the efficiency of the source. Power is &t a premium aboard space-
craft and an inefficient lamp also presents heat disposal problems in

the WQM.

UV lamps are available as either "line" or "continuum" sources.
Continuum sources are unsuitable for the WQM because of low output
efficiency compared to line sources. Other than mercury, only a handful
of line sources are available in the proper spectral region. These are
either rare gas - xenon and neon for example, or metal based such as
zinc or cadmium. Although estimations based on the output spectra of
non-mercury sources indicated that there were no presently available
lamps which met the TOC requirements, we nonetheless evaluated several
in the laboratory (zenon, neon, argom, and krypton and zinc) and ob-

tained virtually no oxidation of organic carbon with any of them.

Mercury lamps were concluded to be better for this application than
any other type presently on the market based on cost, power consumption,
TOC efficiency and overall size., The preprototype WQM utilizes a low-
pressure mercury vapor lamp (Photo 21) which is manufactured by Ultra-
violet Products, Inc. (Model SC-1 Pen-Ray Lamp). Total lamp length is
10 cm., 5 cm. of which is the exposed quartz tube 6 mm., in diameter.

The other half is contained in an epoxy body which houses the alectrodes
and seals the power connections. The lamp is designed to be submersihle
and its small size makes it ideal for this application. It contains
less than 0.5 mg total mercury. The UV chanmber is designed to contain

the mercury should the lamp be broken.

Pump Tubing Evaluation

Like the preprototype WQM, the breadboard utilized four channels of
a peristaltiec pump to meter the sample and reagents. All four pump
tubes were of silicone rubber. In altering the nature of our work from
the breadboard to preprototype stage, it was necessary to perform exten-
sive tests on pump tubes, OSilicone rubber is not entirely resistant to
the oxidant and tends to cold flow in its presence. The fact that the
pump tubing is the only elastomeric material which carries fluid in the
WQM created the need for extensive evaluation of this "high-risk" leak-

age area.
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The WQM is geared to a 30-day continuous operating cycle. The goal
of the pump tube testing was to select tubing materials which could
maintain the desired flow rates for periods in excess of the 30-day
minimum, Silicone rubber is the most widely used peristaltic pump tube
material. The only other materials available for a low-volume applica-
tion are types of Viton. Silicone rubber and various Viton materials
were compared while pumping concentrated reagents at accelerated pump
rates. One type of Viton tube (Elkay Acid-Flex) was singled out in
early testing as the best non-silicone rubber tube. It iz peroxide
cured to increase oxidation resistance and sghowed good flexibility for
peristaltic pumping. In the final life-test, nine 0.75 mm I.D. Elkay
tubes were compared to nine 1.0 mm I,D. silicone rubber tubes while
pumping the oxidant at both nominal and accelerated rates. After 75
days continuous pumping during which frequent flow data were gathered,
only one of the 18 tubes, a silicone rubber piece, failed completely due
to rupture. All 9 Viten and the eight remaining silicone tubes survived
the testing. The silicone tubes, however, all showed gradually increas—
ing flow rates, as if the effective I.D.'s of the tubes were increasing

with use, These testing results are discussed further in Chapter 5.
We concluded that the ¢.75 mm I.D. Elkay tubes are suitable for use
in the reagent channels, and that 1.5 mm. silicone rubber tubes are

acceptable in the sample lines.

Reagent Evaluation

In the Breadboard monitor, the TOC reagent was ammonium peroxy-—
disulfate. In testing the breadboard unit we observed a decrease in
oxidation efficiency with acetic acid as the test compound when a batch
of reagent was a few days to a week old. Acetic acid is one of the most
difficult organic compounds to oxidize and is the only compound with
which we have observed incomplete oxidation in the "old" reagent. The
cause of the problem is believed to be the gradual decomposition of
peroxydisulfate (8208=) to peroxymonopersulfate (HSOS_). The monoper-—
sulfate is also a very powerful oxidant and is activated by UV through

the same mechanism as the peroxydisulfate.

The monopersulfate is a very stable species and therefore we are
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using it as the preprototype oxidant. Its inefficiency in oxidizing
acetic acid is a drawback, however its affectiveness for other compounds
is good., We investigated another compound - potassium peroxydiphosphate
(KZPZOS). We found that it was capable of oxidizing acetic acid but

that it was not stable enough to utilize.

Elimination of "Cold" UV Chamber

In our early studies of the UV oxidation concept it became apparent
that certain volatile organics could not be oxidized completely if the
solution were allowed to be heated by the UV lamp. Oxygen is a by~
product of the reaction and the bubbles which form provide spaces for
compounds such as methane or ethane to be driven from solution where
they fail to react. We found that by building a UV irradiation chamber
which was air-cooled, compounds such as methane and ethane could be

completely oxidized.

The decision was made to forego inclusion of a "cold" chamber in
the preprototype WQM. The presence of volatiles such as methane in the
potable water supply is not ¢onsidered to be a problem by NASA. The
simpilification of the overall system and the reduction in space and
power requirements as a result of elimination of the cold chamber was

felt to outweigh its advantages.

Chloride Interference

Chloride ion is oxidized to chlorine by the oxidizing agent and
chlorine is an interference to the 002 electrode. We investigated the
addition of reducing reagents to the sample after ifradiation but prior
to the CO2 measurement. Ferrous ion or hypophosphite ion formula were

found to be satisfactory in preventing the chloride interference.

During this work, additional process information became available
to the effect that the WQM sample would probably not contain greater
than 12 mg/l of chloride ion. We tested solutions containing this
amount of chloride and saw no TOC interference. Addition of a third

reagent to the monitor then became unnecessary.
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pH Sensor Mofidication

The Breadboard pH sensor consisted of a thin-walled pH glass cap-
illary 1.0 mm in diameter and 1.5 cm long. The capillary was wound in
silver wire which was bonded to the glass with molten silver chloride.
This resulted in a solid~state device which was connected at each end
with silicone rubber tubes bonded in place. The sample simply flowed
through the capillary and then a sealed reference electrode. (See
Figure 4,1). This sensor did not give sensible pH readings in distilled
or de-ionized water. The solid-state glass—-silver-silver chloride
junction was of excessive electrical resistance and other problems could

have contributed to the noise and drift that was encountered.

In the preprototype work, rather than attempt to diagnose and
correct all of the problems associated with the solid-state design, a

more conventional "£low-by"

device was developed(see figure 4.2). This is
constructed from the sazme capillary material as the old "flow-thru" type
(Photo 17) but in this instance an aqueous solution and silver chloride
reference element are sealed into the capillary. The outside surface is
first glazed so as to render all but a narrow strip insensitive to pH.
The sensor is lain in 2 sample conduit in such a way as to expose the
narrow sensor area to the sample. The reference junction is located
directly across the conduit from the glass electrode resulting in a low-
resistance geometry (Photo 16). This same capillary design is utilized
for the internal sensing elements of the 002 and NH3 sensors. Tests
have shown very good respomnse in both buffered solutions as well as
distilled water, Prolonged use has indicated some reference junction

problems with this design (see Chapter 5 for details).

NH,, Measurement
-

NASA indicated that NH3 may be one of the contaminants in reclaimed

water. Tt was decided to incorporate an NH, megsurement in the pre-

prototype WOM because little additional Wori would be required to do so.
The measurement of NH3 by gas-sensing e}ectrode requires only that the
sample be made sufficiently alkaline to convert any ammonium ion to
dissolved ammonia. The necessary reagent was already present in the

breadboard and thus it appeared necessary only to design the NH3
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silver wire

chloride glass
coating capilliary

Figure 4.1 Flow-Thru Capillary pH Sensor

reference electrode

capillary

silver reference element

Figure 4,2 Flow-By Capillary pH Sensor
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sensor into the flow scheme. Initial tests of the NH3 gensor on a
bench-top mock-up of trhe WQM revealed that a considerable mixing time
was required between the NaOH reagent addition and actual measurement.
We therefore incorporated a magnetic mixing device at this point in the
flow system. The NH3 sensor (Photo 24) is mechanically identical to the
002 sensor.

Failure Detection System

The preprototype WM design incorporates several checks on proper
system operation which were not utilized in the breadboard monitor -
thermal f£low sensors and 2 UV lamp monitor. These failure detectors are
capable of triggering an automatic shut-down in order to prevent the
creation of a hazardous situation in the event of fluid leakage or lamp
breakage. Thermal flow sensors were developed expressly for the WQOM.
The vast majority of potential failure modes can be indicated and di-
agnosed by monitoring flow rates at strategic locations within the fiuid

schemes.

The flow sensors operate by measuring the rate at which heat is
transferred from a warm body to the flowing liquid. The sensor censists
of two thipn-walled platinum tubes (0.75 mm I.D., & mm. long) which are
cast by the "lost epoxy" technique into a stainless steel block (Photos
8, 25). The fluid flows through the epoxy path and through each plat-
inum tube in series. The first platinum tube has a thermistor in con-
tact with it and is used to indicate fluid temperature. The second tube

has both a thermistor and a small resistor in contact with it (Figure 3.2).

The flow-related parameter is the quantity of power required by the
resistor to maintain a constant AT (AR) between the two thermistors. In
the absence of flow a quantity of power required equal to the amount of
heat lost by conduction through the epoxy to the outside, is raquired to
maintain AT. As flow begins and increases, a greater quantity of power

is necessary to maintain AT.

The curve in Figure 4,3 demonstrates the variation of flow sensor

output with flow. The curve starts out concave upward, goes through an
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Figure 4.3 Flow Sensor Response
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inflection at 0.2 ml/min and then tapers off as flow increases. (The
curve has the same form as a "wind-chill factor" curve.) The cell calls
for more power slowly at low flows, because the platinum tube is insu-
lated by a "diffusion layer" in the liquid which limits heat flow. The
diffusion layer becomes thinner as flow increases, and thus the loss of
heat becomes more rapid. At the point of inflectiomn, the diffusion
layer has essentially disappeared and heat loss becomes limited by
conduction through the platinum. The point of inflection is the point
of maximum sensitivity of the sensor. This point can be optimized to
monitor flow in various ranges by varying AT or the diameter of the flow
path. Variation in cutput due to changes in ambient fluid temperature

are compensated electronically.

Four thermal flow sensors are used in the WQM. Both reagent lines
are monitored as they exit the peristaltic puﬁp. Two other flow sensors
monitor the two sample lines downstream of the stripper after they have
been combined with reagent. These measurements are taken near the waste
cutlet of the monitor so as to detect any leaks or clogs upstream where
most of the fluid components are located. In this manner the sensors
are able to detect fluidic malfunctions in the greatest number of areas
and many problems will be detected by two sensors simultaneously, pro-

viding a self-checking mechanigm.

In addition to monitoring the fluid flow rates, the imput to the UV
lamp is also menitored in the WQM. The current to the lamp is contin-
uously measured and deviations from the proper rating trigger the auto

shut-down.

Elimination of Temperature Control

The individual sensor modules in the breadboard fluids package were
thermostated to insure maximum precision. The sample water -supply
specifications were altered from a 10-50°C range to a 29-35°C range
during the interim and therefore a thermal control system for the

sensors was not considered necessary in the preprototype system.
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CHAPTER 5. EVALUATION AND TESTING

In this chapter, data are presented from experiments performed
during the preliminary design stages as well ag from final testing of
the completed WQM. While designing the preprototype unit, critical
materials and components such as pump tubing and o-rings were subjected
to extensive life tests under "worst-case' conditions. These tests are
described below. In the section which follows, the results of testing

the assembled unit and in carrying out the Master Test Plan are presented.

Initial Component Evaluation

Both reagents used in the WQM are very caustic - one contains 5%
sulfuric acid and oxidant, the other is 6% sodium hydroxide. The ma-
terials which contact these fluids in the WOQM were tested by exposure to
these solutions before their use in the instrument could be acceptead.
Table 5.1 lists materials which were comnsidered for the WQM and briefly
describes the mnature and results of the tests. TFigure 5.1 is an example

“of data we obtained while testing pump tubes (see alsc Chapter 2). The
increasing rates shown in the silicone rubber tubes are typlcal of the

test results,

A
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TABLE 5.1

Materials Tested for Intended Use on NASA WQM

Proposed Function

pumpead through é'" lengths
of 1/4" tubing

Material in WOM Testing Conditions Results of Testing
Silicone Sample Pumping 35~day continuous pumping -flow rates unchanged
Rubber Channels—-material of Std A using an ORION throughout test
of choice 375-A peristaltic pump -no visible tubing wear
or degradation
Reagent Pumping 35-day continuocus pumping —after 21 days flow rates
Channels-ruled out of acidified monopersulfate steadlly increase
using an CRION 375-A —tubing cold flows, fusing
peristaltic pump together when pinched
—tubing ruptures in some
cases after extended use
.Viton Reagent Pumping 35-day continuous pumping ~flow rates unchanged
Channels-material of acldified monopersulfate throughout the test
of choice is Elkay using an ORION 375-A -no vigible tubing wear
"Aeid Flex" peristaltic pump or degredation
Viton Preprototype UV 40-day continuous pumping 50% of the o-rings tested
Chamber o-rings or irradiated persulfate leaked after pressurizing
ruled out through mock-up chambers
designed specifically for
this experiment
after 40-days the chamber
was pressurized to 30 psi
for half an hour
Kalrez Preprototype UV same as that for Viton all o~ring seals remained
Chamber o-rings o-rings
material of cholce#®
316L Stripper, Sample in separate experiments, no visible degradation
Stainless Intake Manifold, hydroxide and irradiated after 30-days of continuous
Steel Waste Lines persulfate reagents were pumping of reagents



Materials Tested for Intended Use on NASA

TABLE 5.1

WOM  {(continued)

Proposed Tunction

Material in WOM Tegting Conditions Results of Testing

Goretex— Stripper and NH continuous bench~top -maintainence of inorganic CO

porous sensor membranes operation in both of these removal efficiency in stripper

material of choice components for over six -no change in ability of calibrated
weeks sensor to detect known levels of NH3

Celguard Stripper and NH continuous bench~top -shows tendency to be wetted by

poly- sensor membranes operation in stripper for base and some organics

propylene ruled out over six weeks ~tears easlly; readily damaged by
sudden changes in line pressure

T4.tanium Preprototype UV continuous bench-top -shows no interference with TOC

Chamber (outer shell
containing fluid
path) - material of
choice®

operation for over six
weeks

measurement
—surface forms protective oxide
coating that prevents further
oxidative degradation by reagent
or UV light

#successful in "preprototype' components; ultimately not used because of design changes.



Pressure Regulator

Testing was performed on the inlet pressure regulating valve, Go
Inc., prototype Model #4878, to verify its ability to drop an incoming
pressure of 10-15 psig down to 1-2 psig.

Initially the valve was tested separately and on the bench top.
The valve was subjected to a variety of incoming pressures, and was able
to drop them down to the desired 1-2 psig range. This test was done
very quickly and was only to indicate improper regulation. It was felt
that in~depth testing should be done, when the valve was mounted into

the WOM unit.

Once the WQM and all fluidic components functioned as designed, the
Pressure Regulating Valve was installed. Using city water as a source,
a garden hose was run from a faucet to the WJM. Before entering the
system a reducer was made and installed on the hose end dropping the
opening to accomodate Lee Tubing Fitting (1L/4 -~ 28 UNF) with .031 inch
I.D. teflon tubing (See Fig.5.1).

A mefcury monometer was installed into the system downstream of the
pressure regulator, A 0-20 psig pressure gauge was placed prior to the
regulator. City water was turned on and a pressure of 15 psig was read
onn the gauge. The pressure regulator was in the off position. The
monometer was relieved of any vacuum problem and stabilized at the 0
inch position, The valve was then opened one revolution at a time and
the change in mercury height was closely watched. At exactly six rev-
olutions conterclockwise, the mercury height changed by 4.5 inches.

This shows a pregssure output of 2,2 psi. The test was runr for one hour,

whereby the output pressure remained constant.

Master Test Plan Solutions

Twenty solutions were selected for testing the Water Quality Mon~
itor. They were designed to cover the specified operating ranges of the
four parameters. Expected TOC and NHB contents were calculated and pH
and conductivity values wera estimated. Results are listed in Table 5.2.

A
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Table 5.2 Master Test Plan Solution Results

Solution pH Cond (« who/cm) TOC (ppm) Ammonia (ppm)
Numberx Solution Composition expl ob32 JSC3 exp1 ob52 JSC3 expl ob52 718G expl quf J803
3 : ~
i lO_jE Acetic acid 3.42 91 25 0.3
10 "M Sodium acetate 4,761 3,421 6.8 |t 89 91 | 155 48 30 33 0 0.3 0
-3
2 §310 M phenol 8,71 92 66 0.3
#2 10 "M Sodium hydroxide 9.99| 9.19| 8.0 | 83 89 | 164 | 144 77 | 151 0 0.3 0
-3 , ,
4 10_3-}1 benzoic acid 2.91 101 160 0.3
10 sodium benzoate 4,211 3,02) 4.4 83 98 | 168 |1 168 172 |181 0 0.3 0
: ngﬂ formic acid 2.97 133 24 0.3
#4 10 "M sodium formate 3.75| 3.10} 4.5 [106 128 | 199 24 29 21 0 0.3 0
2 X 10_3M p~cresol 8.52 98 90 0.3
#5 10 "M sodium hydroxide 10.26{ 9.19| 8.0 {83 | .7, |17 |l 168 76 23 0 0.3 0
% =
6 10 "M ammonium sulfate 5.5 | 5.16] 6.6 || 307 | 258 | 426 12 15 6 34 39 137.2
-4
10 M acetone 6.12 146 4 15
#7 5X10 M Ammonium sulfate 5.5 5.80( 6.7 154 146 241 4 6 2 17 16 19.8
-3 -
2% 10 Y dioxane 4.12 435 82 46
#8 1.5 x 10 "M ammonium sulfatell 5.5 | 4.32] 6.3 | 461 | 444 | 556 96 86 | 113 51 49 159.1
=
> X 10 menthol 4.83 133 9 0.3
#9 10 "M potassium nitrate 6.0 | 5.06{ 6.9 || 142 | 135 | 241 54 10 58 0 0.3] 0
-4
10 M benzene 1 6.84 268 5 0.3
#10 2 X 10 "M potassium nitrate || 6.0 | 5,80{ 6.7 { 283 | 258 | 421 7 6 0 0 0.31 0
=4
10 M _gichloro methane 6.86 640 3 0.3
#11 5 x 10 "M potassium nitrate § 6.0 | 5.62| 6.5 | 692 | 640 | 841 1 3 0 0 0.31 0
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Table 5.2 {continued) Master Test Plan Solution Results

cond (;Amho/cm)l

Solution pH TOC {ppm) Ammonia (ppm)
Number Solution Compositioen expl ob32 JSCB exp ob52 JSC3 exp1 0b32 JSC3 %ﬁPl g‘1332 150
o -
o | L0 propancl 5.30 1357 36 0.3
10 "M potassium nitrate 6.0 5.20 6.6 11328 1 1294 | 1371 36 32 36 0 0.3 0
-2
10 "M sggium bicarbonate 8.15 1008 3 0.3
#13 2,5 % 10 sulfuric acid 6.4 8.30 8.7 || 1081 968 | 1201 C 3 1 0 0.3 0
-3 .
5 x 10_3E sodium bicarbonate 10.19 over 3 0.3
#14 5 X 10 "M sodium carbonate [10.3 |10.20 9.7 || —— | range| 2314 0 3 4] 0 0.3 0
. ” 7.15 4.6 5 0.3
#15 2 X 10 M dimethyl disulfide| 6.0 6,24 7.7 o 5.9 31 5 4 3 0 0.3 0
=3
100 "X fornaldehyde 4.43 11.5 14 0.4
#16 5 X 10 ° ammonium sulfate 6,0 | 4.60] -—- 2 |110,8 | -~ 12 14 —— 0.2 § 0.4 | —
=
> X 10 M urea | 5.92 133 10 23.5
#17 5X10 "M ammonium sulfate | 6.0 5.91 7.2 16 | 133 149 6 8 5 1.7 22.0110.4
= (
10K OMGTS 4.05 131 3 18.2
{118 5 x 10 'M ammonium sulfate 5.5 4.62 6.7 || 154 136 Z18 10 4 1 17 18.0 |19.9
-4
lO_jﬂ methyl a%Fohol 4.68 271 L 33.1
#19 10 "M ammonium sulfate 5.5 5.24 6.9 1 307 262 440 1 4 1 34 33.0 138.9
[l PN . .
4 X lO_jE acetic acid 3.85 325 127 0.3
#20 4 X10 "M sodium acetate 4,76 1 3.78 | 5.0 {352 325 505 192 138 200 0 0.3 | O
1. Calculated or estimated from solution composition
2. Observed results at Orion Research
3. Analyses by standard methods at NASA/JSC
4. Octamethyleyclotetrasiloxane




Unfortunately, these solutions were formulated several months
before they were run and as a result some of them may have degraded.
The corroborative analyses by NASA on the same solutions were run at

a later date. This may account for differences in pH and conductivity.
The solutions were rum over a period of approximately one month.

Both automatic and maenual calibrations were carried out at convenilent

interwvals.

Comments on Test Plan Solution Regults

1. The incomplete conversion of acetic acid is characteristic of the
monopersulfate axidant. The low pH value seems characteristic of the

low conductivity samples and is discussed further below.

2, Low conversion of phenol was first observed in these tests and

appears to be characteristic of the monopersulfate also.
5. p-Cresol, zlso a phenol, shows low conversion.

9, Low conversion of menthol may be an artifact. The solution was old

and possibly decomposed. This should be checked in additional testing.
13. Loss of 002 probably accounts for the high pH.
18. OMCTS is not soluble to 10 ppm.

General

The data indicate two specific areas where the WQM is deficient in
performance. The first is the low pH values In low conductivity solu~
tions. We believe that this is a reference electrode problem, namely a
liquid "junction potential" which varies with the ionic strength of the
sample solution. A close inspection of the data seems to reveal a trend
in which the pH artifact is greatest in the least conductive solutioms.
This problem could be eliminated in several ways, bult each would involve

the use of an additional component or expendable. As an example, the

7.4
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reference chamber could be pressurized such that a coustant cutward flow
of electrolyte into the sample could be maintained at the liquid junc—
tion. Or, an electrolyte solution could be introduced into the sample
upstream of the pH cell. It may be possible to design one of the above
systems to have very little impact in terms of additional reagent con-
sumption since the liquid junction could bhe designed to require extremely

low flows.

The cother deficiency indicated in the test results is the incom-—
plete conversion of some of the organics in the TOC measurement. We
believe some of the low numbers (e.g. OMCTS) to be correct and
the corroborative analysis at NASA confirms this, however, the low con-
version of phenol, p—cresol and acetic acid are best considered limita-
tions of the system. We do not presently know whether an alternate
reagent system or improved irradiation configuration would produce
better conversion. We know that peroxydisulfate converts phenol and
acetic acid but that in aqueous golution it tends to revert to the
monopersulfate form in a period of days or a week or two. Perhaps mixed
oxidants or scme type of stabilized peroxydisulfate could be developed

in time.

In addition to these two major areas for improvement, there are
modifications in the design of the WQM which we would implement if we
were redesigning the unit., One unaanticipated problem we found in the
early testing stages was the back flow of reagents into the pH and
conductivity sensors, We solved the problem by installing stainless
steel holding loops between the sensors and the fluid junction points.
In hindsight, it is apparent that location of these two sensors upstream
of the peristaltic pump, om the valve manifold assembly, would have

prevented the problem.

There are aspects of the pH, NH3 and 002 sensors mechanical design
which have room for improvement. The design of these sensors arose
out of previous work in biomedical instrumentation.
This design is very expensive and requires a great deal of assembly
technique. We believe that sensor performances could be improved with

another iteration of their designs. Speecifically, it may be possible to
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improve the response times of the pH and CO2 electrodes. There igs an
area of the fluid conduit in the pH sensor which allows fluid to col~
lect. The 002 electrode uses silicone rubber potting compound and since
CO, is very soluble in silicone rubber, there is an effective "CO2

sink"" in the electrode, yesulting in a slow response.



CHAPTER 6. CONCLUSION AND RECOMMENDATTIONS

Our work on the WQM dealt specifically with the fluid transport and
chemical sensing aspects of monitoring. The manifolding concept and the
exclusive use of o-ring seals produced a miniature analytical system
which we feel to be reliable enough for unattended spacecraft use.
However, there are other problems in space~hardening a system such as
this which we did not address. The principal area to be explored in
future efforts is that of reagent handling. The use of bulky containers
of caustic fluids in the zero—-G situation presents potential hazards to
personnel., The use of pressurized containers and subsequent elimination
of a metering pump is an approach that has certain attractioms. Entirely
different concepts such as passive reagent addition by diffusion or in-
situ generation of reagents by electrolysis are perhaps the waves of the
future in this form of analysis. Optimization of such techniques is
probably several years down the road, and even so they are not necessarily

applicable to all analytical problems.

The electronics of the WQM was not engineered for space. Although
the technology exists for drastic miniaturization of the electronics
used in the WQM, the design of such a package is an expensive and time

consuming process.

In conclusion, we feel that we have advanced the technology for in-
space water quality monitoring but that there are areas which still
require concerted effort before an Instrument of this type will be

suitable for its long-~range intended use.
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APPENDIX I

Selected Paragraphs from Statement

of Work from Original Contract

Exhibit "A"

1.0 Purpose

1.1 Objective

The objective of this Statement of Work (SOW) is to describe the
effort required to design, fabricate, and test a miniaturized breadboard
and preliminary prototype water quality monitor unit for continuous, in—
process monitoring of total organic carbon, pH, specific conductivity,

and ammonia in advanced spacecraft water reclamation systems.

1.2 End Products

The end products of this contractual effort will be a breadboard
water quality monitor (WQM) system, an interim report, a preliminary
prototype WQM system, and a final report. The WQM is defined to be an
integrated unit composed of a total organie carbon analyzer (TOCA), pH
sensor, specific conductivity (SC) sensor, and supported by ancillary
equipment. The unit shall feature low power, volume, and weight. The
interim report shall describe the results of the breadboard system and
include tﬁe-preliminary design of a preliminary prototype water quality
monitoring unit. The contractor shall provide recommendations for
additional areas. of investigation based on results with the breadboard
system. The final report shall describe the results of the preliminary

prototype system.

1.3 Background

Long duration manned space flight, involving water reclamation
systems, requires reliable, fast on-line water quality monitoring to

insure the health of c¢rew and passengers. General assessment of potable
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water quality can be realized by monitoring organic carbon content,
specific conductivity, and pH. Measurements of chemical purity have
been demonstrated in near real time by laboratory instruments under NASA
Contract NAS 1-10382., Further development of these concepts is now
required to improve water monitoring capabilities and to achieve an
integrated design of reduced power, volume and weight. It is the intent
of this SOW to continue this effort and develop an intégrated breadboard
and preliminary prototype Water Quality Monitor (WQM) Units incorporating
miniaturized pH and specific conductivity (SC) sensors and a miniaturized

total organic carbon analyzer (TOCA).

3.2 Task Description

3.2.1 Concept Study and UlLraviclet (UV) Method Design Support
Testing (DST)

This study shall investigate vrecent, state-of-the—art, miniaturized
pH sensors, specific conductivity sensors, ultraviolet radiation methods
for conversion of organic contaminants in water to 002, and methods to
quantitatively measure the resulting CO2 in amounts equivalent to a

water content of 1 to 200 ppm total organic catrbon,

In any concept, the use of expendables such as carrier gas, sor~
bents, reagents, etc., shall be greatly minimized. Results of the study
shall present the sensors and TOCA concepts considered, recommendations
of a specific off-the~shelf concept and semsor for each application
along with basis for selection, an outline of what must be done to
miniaturize and/or modify such inecluding associated electronics, and
present a preliminary design concept defining the breadboard system to
be delivered. Sensor characteristics such as lifetime, method and ease
of calibration, response time to changes in the parameter being mea-—
sured, drift, accuracy, and precision shall also be considered and
discussed. Electrodes employing mercury or mercury salts shall not be
considered. Any sensor or concept proposed shall not employ materials
which would impart impurities into the water which may be injurious to
the crew's health. TIn addition, potential problem areas shall be iden—

tified and discussed. Parameters affecting lifetimes shall also be

3
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addressed. A report describing results of this task including DST shall
be delivered to JSC for NASA approval. The contractor shall attend a
review at JSC for approval of recommendations before proceeding with

development of the WQM.

Design Support Testing (DST) shall be conducted on the recommended
candidate being considered for the TOCA using methane saturated water
and water containing 300 ppm acetone, 500 ppm chloroacetone, 200 ppm
diethyl sulfide, and a combination of the four. Inorganic carbon
content of the water shall not interfere with analysis results. DST
ghall obtain sufficient information for sizing and preliminary design of
a TOCA/002 sensor which shall be capable of quantifying 1 te 200 ppm
organic carbonr in water at the flow, pressure and water quality con~
ditions specified in Section: Water Quality and Supply Characteristics.
Low power and volume shall be important design factors, in that order,
for any TOCA concept. The study shall also address and recommend a
simple, in-£light, automated WQM calibration scheme. Early study and
selection of the specific conductivity sensor may be required to pro-

gress smoothly into Task 3.2.2.

3.2.2 Specific Conductivity Sensor Modification and Test

Drawing modifications to the specific conductivity sensor selected
from Task 3.2.1 shall be conducted, followed by modification and testing.
Modifications shall be conducted, focus on minjaturization and integra-
tion into the common water quality sensing unit with the objectives of
volume, weight and power reduction. The modified sengor shall have a
minimum water hold-up wolume, fast response to concentration changes,
features compatible with a zero-g environment, no electrical interfer-
ence characteristics, and perform reliably with minimum crew mainten—
ance. Testing shall include a minimum of three different specific
conductivity values over the range of temperature, flow and pressure

conditions specified in Section 3.3.4.

3.2.3 Combustion Tube/CO, Sensor Development
L

This task involves two parallel efforts to provide as the end

product a miniaturized total organic carbon analyzer. These efforts are

%4
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for a UV approach to convert organic carbom to 002 and for the CO2

sensor, This analyzer shall consist of a UV concept to convert, as a

minimum, organic carbon contaminants in water to CO2 along with a sensor

to quantitatively measure the CO, in a range directly relatable te a

2
water organic carbon content from 1 to 200 ppm. Design modification to

drawings of the selected off-the-shelf CO, sensor shall be conducted

2
followed by modification of the purchased sensor. In parallel with this
effort, based on DST results from Task 3.2.1 with the addition of the

range limits of pH, flow and pressure indicated in Section 3.3.4.

3.2.4 Modification and Test of pH Sensors

Drawing modifications shall be made to the selected ﬁH Sensgors,
followed by modification and test of the unit. Modifications shall
focus on miniaturization and integration into the common water quality
sensing unit with the objectives of volume, weight and power reductiom.
The modified unit shall have a minimum water holdup volume, fast re-
sponse to concentration changes, features compatible with a zero—g
environment, no electrical interference characteristics, and perform
reliably with minimum crew maintenance. Testing shall include a minimum
of three pH points over the range of temperature, flow and pressure

conditions specified in Section 3.3.4.

3.2.5 Breadboard Svstem Integration, Test and Preprototype Development

3.2.5.1 Breadboard System Integration

This task consists of integration of the units from Tasks 3.2.2,
3.2.3 and 3.2.4. The sensors shall be capable of analyzing water at one
common point herein defined as the WQM wunit. The combination of the
three sensors integrated to form this unit shall exhibit ne electrical
interferences, minimum holdup volume and fast response to changes in
organic carbon content, pH and specific conductivity. The electronics
shall be housed into a single rack mounted type unit. The WQM unit
shall be designed as a plug-in type device with one water inlet port and
one water outlet port and be compatible with the flow, temperature,
pressure and water quality ranges specified in Section 3.3.4. Commer-

cial off-the-shelf equipment may be incorporated into the breadboard
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system to simulate pressure and flow ranges and any required valve

switching operations to make the system automatic in sampling and

analysis features.

3.2.53.2 Breadboard System Test and Definition of Electronics Modifications

The breadboard shall be tested over the pressure, flow, temperature
and water quality ranges specified in Section 3.3.4. Qualities of the
water which shall be emphasized are pH, organic contaminant content and
ionic salt content. Specific realistic modifications to the electronics
shall also be defined (but not fabricated) under this task. The modifi-
cations shall focus on an electronies package of no electrical interfer-

ence and reductions in volume, power and weight.

3.2.5.4 Preprototype Design

In addition to the electronics modifications defined during task
3.2.5.2, other design changes shall also be defined. These design
changes shall result in detailed fabrication and packaging drawings and
specifications of a preprototype system. The design changes shall
result in tangible volume, power and weight reductions over the bread-

board system.

The design changes shall include but not necessarily be limited to
further miniaturization of the sensors, further miniaturization of the
system, reducing the size of the reagent and fluids package, minimizing
reagents consumption, improving system response time, and incorporation
of in-situ maintenance of life limited items. In addition, the system
design will incorporate a safe, automatic shutdown mode, a reagent line
purge, and a mode for system isolation upon failure. Appropriate modi-
fications to the breadboard electronics will be made to enable integra-

tion of the breadboard electronics package with the preprototype system.

3.2.5.5 Preprototype Design Review Meetings

Upon completion of both the preliminary design lavout drawings and
the detailed design drawings a design review meeting shall be conducted

with NASA. The drawings shall be subject to approval for release to

2
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fabrication by NASA to the extent that all objectives in Section 3.2.5.4

have been met.

3.2.5.6 Preprototype Acceptance Testing

Subsequent to fabrication, the system shall undergo testing at the
contractor's facility to verify acceptability to NASA. Design verifi-
cation testing shall be conducted on the completed preprototype water
quality monitor to verify subsystem functionality and that design per-
formance levels are met. Subsysten power requirements, ranges of detec—
tion for the four measuring parameters, stripper capacity, effect of 12
and chloride in the water sample, and overall system operation character-
istics shall be experimentally determined. The subsystem performance
will be evaluated in all modes of c¢peration. Automatic shutdown will be
simulated. The testing shall include minimum, nominal, and maximum
limits of pH, conductivity, ammonia, and total organic carbom as defined

in section 3.3.

Aceuracy of the pH conductivity ammonia content, and total organic
carbon shall be within + 0.1 pH units, + 5 percent of actual conductivity
of + 1 pmho (whichever is greater) + 2 percent of actual ammonia value
or + .5 ppm NH, (whichever is greater) and + 10 percent of actual TOC

value or + 1 ppm (whichever is greater).

Samples of the test solutionms will be furnished to NASA/JSC for
corroborative analysis. The subsystem testing shall be performed ac-
cording to a plan to be approved by NASA. As a2 minimum, the cumulative
time during testing at normal subsystem operation conditions during this

task shall be ter 8-hour days.

&7



APPENDIX II

T lure Hode, EIf l ey
Failure Hode, Kifects or 204
ORION RESEARCH, INC. & Criticaliry Analysis R

j

!

!
l
I
! i
1

- ',l: -'] I“F""" TSI STTET AT T TS T R e —

i
i
¥
1

{ [:I 181 % .vat(m
WATER QUALTTY "HNILUR ( F ’7 l“1 ) . _: D }O(‘P.... . 8 Lni-npt.)-m'-n%”m

CoPart Reliability
' No. l.ogic No.

Namo Tunetion

FILTER SCREEN Remove particulate contaminates

SNV S—

¥ 3 -

Tailure Mode and Cause: jC'iIEcuIilv

t
i
i
i

: No sample flow into W.Q.M. - Excessive build up of particulate
i matter in filter material.

'
i
L)
v

.
A —— ——— ——

taiture Effect on Component/Funct ional Assvmhly -

Sample will no longer go thru filter, >

- s emEi i A furmm A marmEE v wmEL o tEmE LAEE B 8 Emmmii m — mte % e =k ke mdemim e m R e — v B ome E e i = o b

ilure Eifect on System/Subsystoen =

L
.

+  System determination of all parameters will not be functional.

!llHTL Doloclxun Mvthnd

Sample flow sensors will indicate low flow.

1

3

:

i

Crew Action Required '-_"'“w-.-—.}
1

}

3 Iime ] [ISFLID
’ Roa'd ‘
| |

Replace filter, at a convenlent time, !
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WATER QUALTTY MONITOR ((1.0.M.) b O Loop 0 Component
e - biminkdolebie sl el sbuh il oyt ytiohialie ooy ool u eyl ety Pl ol S sy e -l
Part | Reliability ; : .
Vo, Logic No Name ; unct ion
1 - L3 ] *
: |
' VALVE ASSEMBLY Mode Control of W.Q.M,
! INPUT SIGNAT Sample or standard to system
| VALVE #1
1 g _— P _. o --.-_' -';
Jallure Mode .and Cause: eiticelity !

' 1. Electrical comnection failure-power off.

i
i 2. Electrical comnection failure-power locked 'on".
i

Failure Effect on Componoent/Funct ional Assembly:

1. Lack of electrical power will cause valve to be in its normally
open position.

2. 1If the power is locked "on", valve may get caught in its actuated

position (Standard I or II)

Aajlure Flfect on System/Subsystom

1. Electrical comnection failure will limit the W.Q.M. to sample mode only,
and therefore will prevent instrument calibrationm.

2. With power locked "on", Valve 1 is actuated. The system can now

‘ only calibrate the instrument using Standard 1. Sample and Standard 2

| >4

| modes cannot take place.

i

1

i

i

e - - e e v m e o mmmeam m—e e

|
|
i
|
!
!
|

Tailure Detection Moethod: -

1. The 6 hour calibration cycle will give off-scale readings.

fe— e m—— - - e s e e TRALH EEEE A R Lo aTen A=y i medy e L AR e mmeas = v mase

Orew Action Required

r P
’ ime

. Rootd Avail.

| Replace valve or fix electrical failure. Check e | vall

" Standard 1 quantity. |
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; TITLE K} Subnvsloem
i VWATER QUALITY MONITOR (i[.7.M.) ;O Loep D Componcnt

== T L L I e e T L VT T T DT LTI i
"Part | Reliability : .

i 4o, | Logic No. Name ; Tinet ion

JPVE s U S

E VALVE ASSEMRLY Mode Control of W.Q.M.

: INPUT SIGNAL, Standard 1 or Standard 2 to

! VALVE {2 l- System

El'eu' lure Mode and Cause: Ceiticality

i

]

* 1., Electrical connection failure-power off.

i

| 2. Electrical connection failure-power locked on.

|

; _ S R
{Failure Effect on Component/Functional Assembly: }
i 1. Lack of electrical power will cause valve to be in its normally ;
} open position.

¥ 2, If the power is locked "on', the valve may get caught in its

actuated position.

i lure Elfect on System/Subsystem

E

1. Electrical connection failure-power off will limit W.Q.M. to Standard 1
mode only, during calibration.

} 2. Electrical connection failure-power "on" will limit W.Q.M., to Standard 2
i mode only, during calibration.

aiture Detection Method:
!
! 1. The six hour calibration cycle will give off-scale readings.

- e e St e ettt et e et rrmamasin = e e+ o © inee e o @ e e
‘Crew Action Required (| Time I"jme
' Rea'd Avail,

| Replace valve or fix electrical failure.
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Failure Mode, Effcects

ORION RESEARCH, INC. & Critdicality Analysis

TITLE [ O Subsystem
WATER QUALITY MONITOR Gf.o.M.) 1 SDkeep L Compo
. R sedicememrsies imes oz can )
Part Reldinbilit
VJl I;gIZ)No Y Name Tinetion
———— - —t —— e M e - & s 4 mRem s o w dwrmamtm e S s ma MME e = L AR men W o metmee= = = wE= =
Na Na VALVE ASSEMBLY -

FLUID BLOCKAGE

JTailure Mode and Cause:

S

1. Fluid bleckage caused by particulates.

Mode Control of W.Q.M.

— . U PSR S S

| tared
i or 20

0O Component

Failure Effect on Compunvnt/lunctlundl Assembly:

1. No fluid flpw through a valve or valves.

Illlurv Tlfoct on Svsten/S uhsytlcm

1. If blockage occurs in valve:

Valve #
1 No sample or standard flow, mo measurements
2 No standards flow

ailure Detection Method:

Flow Sensors #3 and #4 will indicate low flow, system will shut dowm.

Six hour calibration will yield off scale readings.

e = m—. -——

Crow Aclion Required ;o Time

Locate blocked valve znd replace or replace entire
valve assembly.

. REPRODUCIRILITY OF THE
ORIGINAL PAGE IS POOR
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TITLE i 0 Subsvatoem
__VATER QUALITY donITOR (ro.M) | Oleep O Compment
art Reliability | .
No. Logic No. Name i Funet ton
e — . e et ee i a1 bt et
' PUMP Pump sample, reagent and standards
to W.Q.M. sensors.
Failure Mode and Cause: C-iticality
Drive failure-~mechanical
a. mechanical motor failure ITT
b. drive gear failure
¢. roller gear jam

]

— e ——

— B et s — e e v et P |

| taop 5

d. roller gear slips
e. bearing freeza
f. shaft breaks I

"ailure Effect on Component/Functionnl Assembly:

—— e a a

Pump ceases function

raslure Effeer on Systom/Subsystoem

Loss of fluid flow to measuring system. Subsystem will no longer have
effective monitoring capability.

“ailure Detection Method:

rras—— g = pmA———— e A i emem— = e 7 m——— o m—mn m—ew R A

Flow sensors will detect loss of sample and reagent flow.

Croew Action Required i fime T Time
Rea'd I Avail.
System will shut down automatically. Replace or
repair electrical circuit or pump assembly at I
convenient time. ~ { i

7

e
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TITLE O Sui)syql ent

4 e e ey et ——

| TP —

WATER QUALITY MONITOR (.[.7.M.) 1 Bieep B Compoment
Part. | Reliability ;
' I ) H N ey
b N, Logic No. Nane i Tanetion
'. i
; PUMP Pump sample, reagents and standards
! to W.Q.M. sensors.
. el
;Li'«'li lure Mode and Cause: Cotticality

Electrical power loss or main connection failure.

tailure Effecl on Component/Functional Assembly:

Pump ceases function.

lailure Elffect on Svstoem/Subsyston

Logs of fluid flow to measuring system. Subsystem will no lomger have
effective monitoring capability.

"ailure Detection Mothod:

Flow sensors will detect loss of sample and reagent flow.

) ) N T s
Crew Action Required L Time i I'ime

Rea'd Avail. i

i
:
|
i
E
i
! System will shot down automatically. Replace or ‘
. repalr electrical circuits or pump assembly at l i
i 1 [

— SN LS. S UV |

convenient time.
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E TITLE | Subsystom
| WATER QUALTTY MONITOR (L.O.M.) | _':' Loop O Cemponent
T Parc Relijabilicy

Yo Logic No. Name E Tunetion

] ——— e e e e o b e e e e © o meee
| PUMP l Pump sample, reagents and standards
i l to W.Q.M. sensors
L |
‘ - - - P i L R, LI R ST - —— . g == ==
Juilure Mode and Cause: Coiticaliry

i
i

]

{
i
i

Pump tube failure, rupture.
a. due to upstream or downstream blockage. IIT
b. jammed down pressure plate, abrasive failure.
¢. pressure regulator failure over pressure.
d. premature wear failure.
e. crystallization in lines due to improper shutdown,

Failure Effect on Component/Functional Assemblys
Leakage of sample water or aggressive reagents into sealed pump housing. '
This could cause electrical short of motor assembly. Leakage of reagents
would cause corrosive attack on materials on pump or lubricant of bearings

- and gears.

asjture Elfect on System/Subsystoem

The W.Q.M. will automatically shutdown. Any leakage caused in the pump
will be contained in the pump housing.

Failure Detection Method:

A, Flow sensors will detect low flow, and after a 2 minute interval,
automatically shut system dowm.

B. Accumulaticn of fluids in the pump housing.

:Crew Action Hequired - 1 Time i Time
| Reatd Avail.

Replace pump tubing or entire pump at a convenient

time.
e e e e — b e e
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P TITLE 1 Subsysiem

t M 1 1Y

1 WATER QUALITY MONITOR (L.o.M.) 1 Gleep & Component
: z = L IIISTIIITT IS D IUEETATONTIIT IIIoamin

" Part | Reliability — | ey

i No. | Logic No. ~ame i et ion

‘ |

: . Continuous readout of C0, level

: Oy SENSOR (For TOC determination) 'in

: drinking water,

i t I

y—_—— R e T SR T L R |
Tailure Mode and Cause:. Ceiticality

! A, Low readout ~ Cly contamination.

; B. High readout - membrane leak

: C. Erratic readout - bad electrical connection or interference.
I D, HNo readout - broken capillary glass

Failure Effect on Componenc/Functional Assembly:

Unit will no longer provide correct mv output propertional to TOC level.

b
]
i —— e s s 1t o R A ke R A AR s MR 8 i m Am A m a $ me o h %k o e an = oy
!

Jatture Eifeet on System/Subsystem

i OSystem determination of TOC will not be functional.

adlare Detection Method:

‘ Manual check of TOC level on standard or at six hour auto-calibration
when excessive biasing will be necessary.

|

i

t

- ; . . (7T [T T T
iCrew Action Required 17 Fime ' Time ]
: Rea'd | Avail, |
I Disregard TOC measurement replace sensor at- i ;
' convenient time. ! !
1 ' 1
! |
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TITLE | 0 Subsysten
| WATER QUALITY Mowttor (r.o.M) 4 Uleep O Component
‘ part | Reliability |
‘ f ] e
b o, Logic No. Name i et ion
—r——— - — - ...%._ EAMA AR W EE = AL e W wwr mAE m he e mm—  mmie— s s emB A 4o = - m——
| |
i NH, SENSCR ‘ Continuous readout of NH, level in
] 3 ' 3
1 drinking water.
Tailure Mode and Cause: Coiticaliny

i
: i
. A. Low readout - chemical contamination of internal filling,
] backflow on membrane rupture.
i B. High readout - no NaQH in mixer

C. Erratic readout - broken electrical connection or electrical
° dnterference,.

D. No readout - broken capillary glass

Failure Effect on Component/Functional Assembly:

!

&3

Unit will no longer provide correct mv output proportional to NH3 level.

[

Fajlure Elffect on System/Subsystem

System determination of NH3 will not be functiomal.

"ailure Detection Mothod:

Manual check of NHy level on standard or at 6 hour auto-calibration where
excessive biasing will be required.

. - B iy e Wl
iCrew Action Required | Time e

i Rea'd Avail.
i Disregard NH; measurement, replace semsor at

. convenient time.
} !

PR — emm e a v o e e e e i e meee]
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| ORION RESEARCH, JiC. | & crivieality Analysis [t Fa
t
L______ _ - e _I_________i_ﬂ_”/m
L TETLE | O Subsystem
: WATER QUA] ITY W)'\IE;(Jl\ { f. A M ) ! 0 LO()]) COIIIPUH('!![
Part { Reliabilicy ‘ . B
' No. | Loglc Ne. Name f Timetton
S N _— e et e e et e e e e e 1 e ma e
: pH SENSOR Continuous readout of pH in drinking

water.

Tailure Mode and Cause:

E A. High readout - chemical contamination due to backflow of Naoﬂ
; B. Erratic off scale readout - broken electrical connection
i C. No readout - broken pH glass capillary

o e ———— — =

Had lure Bilect on u\blom/’ubsyttvm

Coiticality

In1Iur0 TffeLL on Lomponunt/bunctlnndl Aaaomhly-

Unit will no longer provide correct mv output proportional to pH level.

E System determinaticn of pH will not be functional.

ailure Detoection Method:

Manual check og pH on standard or at 6 hour auto~calibration where excessive
biasing will be necessary.

T T e s
Lrew Action Required [ fime i I'ime
. Rea'd Avail
E Disregard pH measuvrement. Replace sensor at
; convenient time, {
i s

|
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WATER QUALITY MONITOR (:J.9.M) ‘D _M’Ovu .__,‘,__D_.Cf)'_"f.‘_),",“,"_f‘,_
‘P Parr | Reliability N: g, i
P No. Logic No. ame el fon

1
i

t
i
|
1

ORION RESEARCYH, INC.
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1
i
; Ay

0 Subsystem

.
!

!
|

l

CONDUCTIVITY SENSOR

!

Continuous readout of conductivity
of drinking water.

1717779

) S U SOV FOU SR A e
Tailure Mode and Cause: CeTlicatiny
A. No output-Broken electrical connection
B. High reading -epoxy degradation cuasing electrical short |
circuit or chemical contamination due to backflow of
persulfate. |
i ]
i
- e e e n mem om o —oan} e e e = o]
taiture Effect on Component/Functional Assembly: i
1
I

i
|
|

!
|
1
I
\
[
!

il

A-B.

ailure Elfect on System/Subsystoem

Unit will no longer provide conductivity reading.

System determination of conductivity will not be functional.

i lure Detoection Method:

Visual check of readout, 6 hr. calibratiom cycle

‘Crew AcLion Required

i

Replace sensor at convenient time.

i
!
i
I
i
i
i
!
Mime Time |
R 'd Avail.
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TITLE T T T T T T Subayetem

VATER OUALITY MONTTOR (L.O.M.) 0 foop X Compouent

"arr | Raliability N ) . )
- . Namoe : .
No. Loglc No. e , unct ion

[or o ——

r——amam g

FLOW SENSOR Monitor condition of fluid flow

i
v i

- —— At i R St EEERS v pmEE e ey = e ) e = vmmen o Ammamee el o m e F e = L mmm s el

Vailure Mode and Cuause: C-ilienlity

‘ A, Output - Too High - Electronic Malfunction
' B. ,Qutput - Too Low - Electronic Malfunction
i C. No Output - Electronic malfunction or thermister failure

Lailure Effect on Compounent/Functionn] Assembly:

|
t
1
|
!
i
i
i
i
!
|
!
|
'
|
|
— e A e e

Flow sensor output not usable

arlure Eifect on System/Subsystoem !

Loss of control data but no functional effect.

adlure Detection Method:

t Eliminate other possibilities

Crew Action Required t Fime ! Time
Inspect unit, disregard out of specification flow Roa'd Avail.
! reading.
A,B, Replace sensor countrol board '
. Co. .- Replace fluid sensor at. convenisnt time._ . ) .o .

77
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0 Subsysten
O j.oop B Component

TITLE
WATER QUALITY MONTTOR (:[.2.M.)

1
— e ——— - e e e L e e e e e —

- e e —— .
.

Part. Reliability
No. » Llogie No.

Namo Yunaetion ‘

]

N

STRIPPER Chemical transport across membrane

—_— [ — : o U O S

Tailure Mode and Cause: Ceiticaliny

i Erratic TOC reading - leak across membrane

Failure Effvel on Component/Funel fonal Assembly: i

- e e o = e o e rE. e R it A B EAE SR m W s wwm Reabr v we T REa— R e M eer w

{
1
!
!
| Chemical contamination of TOC sample.
!
i
1
i

Sailure Elfect on System/Subsyston l

; System determination of TOC will not be functional. !
i
1
!
i
!
I

s e - P e e it = amen kmmamm — mm et LA A- R - A E e e AR amL e AR R o v ——

'ailure Detection Moethiod:
1. 8ix hour calibration cycle
2. TFlow sensors

Time
Avail,

1

I - e o e+ e
lerew Action Required 1 Pime f
; None. Disregard TOC measurement replace stripper at Ree ol !
| convenient time. i
| s

i
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ORION RESEARCH, INC.

1

TITLE

D Part
v Ho.

Reliabildicy

L.ogle No. Name

WATER QUALITY MONITOR ([.0.M.)

} Pane 14
0f 20
T T UUhuae T

YA VRN

!. -
1O Subsyaton
! 3 Loon

3 Component

!
B T
1

Tunct ion

U.V. ASSEMBLY
(Light Output)

Modify sample for TOC measurement

: e e e e s e dpee o |
i'milure Mode and Cause: iC‘Elicaliry
1
1 |
» Loss of 1light output - Bulb failure or broken electrical
i connection
i
i
E . ———— - o e e i o+ e o] ra s it s o e
irniiuro Ef fect on Component/Functional Assembly: ’ I
l
; Photo chemical reaction would no longer occur, [
|
'
|
1
L S — e et e e et e+ et o e e
t _— ———

ailure Effect on Systoem/Subsystoem

TOC reading would be low.

1
2.

‘Crew Actfon Required
None.
connection at convenient time.

'i
i

s mama e wm ma

Lamp sensor would indicate lamp failure.
Manual check of TOC level om standard at 6 hour auto-calibration where
excessive biasing would be required.

Disregard TOC measurement; replace/repair bulb

1]
e L TR
! Mime Fime !
e d Avail,

|
|

§
|
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l

!

l

b ——— e e e = e = e m R I
! 0O Subsystem
i

[

WATER QUALITY MONITOR (./.0.M.) E O Lroop £ Component

: Part Reliability
' No. Logic No.

None | Tunet ion

U.V. ASSEMBLY Modify sample for TOC Measurement
(Quartz codil)

.

— ——— — e am e im madl —me ae

. R .
'ajlure Mode and Cause: Criticulity

Loss of fluidic path due to quartz coil breakage.

!
i
i
[
i
i

Failure Effect on Component/Functional Assembly:

Photo chemical reaction would no longer occur. i
Fluid leakage would occur.
|

t

Failure Elffect on System/Subsystom

No TOC reading.

aiture Detoection Mothod:

Visual signs of fluid leakage.
No TOC resading would occur.

‘Crew Action Hequired { {'ime Time
Reqa'd Avail.

|

T "'i

F
Shut system down and replace U.V. chamber at a

{
convenient time. l E
! ; !




- —_ ———— ....--._T e e am he A o SR e e 7 St o Rt s m ottt G .

| . | Pave 16

!

i
i !
1 Fajlure Mode, Ellcets ! !
i ryge ' * \)[ i i
E ORTON ‘{L-)EAR(‘H TG . i & ('riti‘.:‘l it y Al]-’l!yf?i.‘; ——- {l‘l.l'\'l']" RN
D e NI VAtV L
CTITLE { O Subaystom !
1 N \ |
' _MATER QUALTLY MONLTOR CLOM.) 1 [3_‘__"_‘}‘_ L _E_‘jf‘[“_"_‘“““' 1
Cpare | Reliability . : i
' No. Logic No. Name , Tunet fon i
. i i
} . i
: PRESSURE REGULATOR | Constant Sample Pressure !
i 5 |
P -t O U UV

i

Tailaure Mode and Cause: i(' “licality

A. ©No pressure regulation; fluctuation with system pressure '
particulate matter in regulator or sticking regulator mechan-
ism In operatiom.

B. Low or no response and flow-particulate matter in regulator
' or sticking regulator mechanism in closed position.

‘nllurc Effect on Componcntlrunctlonal Aqsemh]).

1.
1
1
|
1
t
I
|
1
E
I

e R e R A L L/t L =R T ARG EE AR W A Mot v St rm e A w % T M w =T me e 4 v mmm ek 4 i Aeim 4 Fe® m mL— e 4 maam w e

Yatlure Bifect on System/Subsystem
A. Varying input, pressure causes proportion of reagent to sample change
causing excessive variation in the W.Q,M., TOC, NH3 sensors.
B. Low or no flow will cause W.Q.M. to give off-scale readings on all
' parameters and cause auto-shutdown.

i
!
!
!
A,B. Constant pressure on output side no longer available, |
l
l
|
{

AW e P RN e i e gl s A & 4w L b AN SyER G4mh . LmaEs el Eh e = em e fe b mmmd e — = STEE & W oo o m & hbe—— A asm— mwah mamss 4 v memdee

Yailure Doetection Moethod:
A. Observation of cyeliczl TOC and NH3 readings with system pressure.

B. Sample flow sensors will indicate low flow.

Crow Aclion Hequired b Time ! Time i
Put unit on standard mode and cycle regulator 4 times | Rcea'd l Avail. !
full closed position. Observe system, if malfunction | i
still persists repeat procedure. If still faulty, ! :

' _pover down unit and replace regulator at convenient time.

g3
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RESEARCH, THC.

TITLE

‘.IATER QUALTTY MONLTOR (.J.0.M. )

Pare |
No,

Reljability

Logic No. Nane

"INTERNAL LEAK
FAILURES"

i fFailure Mode,

i
]
i

1
!
|

Elfeets
§ Critteality Aoalysis e -

T

Pavel?

| O

} Su la.wv-.t om

i
! Loop
)

i Da%

Yupetion

NA

P e

20

ﬁnhwﬁ
AV R

g -

O Component

-

'ailure Mode and Cause:

Ceiticality

Fluid leaks within fluid handling package (F.H.P.) cover-faulty
"o" rings, loose mounting bolts, leaking sensor seals, or mechani]
cally damaged components.

tailure Effect on Component/Funct ionnl Assembly:

Sarlure I'!fv(_t on

et A i m—+ wrRaemim ar me s e e e w o wre Arewar = me = me e

Systemn/Subsystom

Any of the above could cause improper sensing, improper instrument
callbration or physical component damage due to chemical exposure.

¢ Dotection Method:

1. Visual inspectlon of F.H.P. inside after obtaining erratic water quality
readings,
2. Flow sensors will indicate abnormal flow and shut system dowm.
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Power down unit. Inspect for leak, repair at Rea'd Avail
convenient time.
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i NA NA FLUID HANDLING i Continuous potable water analysis

I i PACKAGE (F.H.P.)
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Vailure Mode and Cause: Cotlicality
External leakage from F.H.P,
1. Seal failure inside F.H.P. cover and failure of back-up

cover seal. (See F.M.E.A. for internal leak failure)

|
I
!
!
i
|

I,

Failure Effect on Component/Functional Asscmbly:

1. Physical damage due to chemical exposure.
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Haitlure Bifect on Svslom/Subsystom

i A. Fluids on sensor board will cause electronic malfunction. Lack of

i fluid to sensors will cause erratic readings. Total system inoperative.
i B. Cabin will be contaminated with f£iuid.
!
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Yoiture etection Motbod:
1. Visual observation of leaks.
: 2. Flow sensor signal for loss of flow. System will automatically shut down.
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iClrew Action Required i Time i Time !
Power down unit, Close sample input, reagent and wast Rea'd [ Avail.
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E Reagent and Standard To contain reagent and standard

: Containers fluids for W.Q.M, system use.

l
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Tailure Mode and Cause: CHiticaliry

Containers have not been identified for prototype design.
The following are general modes of failure only:

1. Line blockage ~ particulates.
2. Container rupture.

tailure Effect on Component/Funct ional Assembly:
. Fluids leaving contalners are blocked by particulates,

i
I
|
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1
2. Container ruptures.

e lure Brfect on Systoem/Sabsystom |
1. As a result of line blockage the fluids will be prohibited from entering l
the system. The lack of reagents will not complete chemical reactions

o e et e e

: for sensing measurements and the lack of standards will not allow fustru-
! ment calibration.

: No flow through the pump will increase pump tubing deterioration and
decrease system life,

tailure Detection Mothod:
1, Flow sensors will show low fiow conditions for reagents.
2. Six hour calibration cycle will show no standard flow from both flow
sensors and lack of instrument calibratiom.
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Crew Ac tion Hequired - o Pime i Time
: ' .
Power Down Unit. : Rea'd Avail.

5 1, Locate and replace blocked lines
! 2. Locate and replace ruptured container
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2. Container rupture will cause. standard or reagent leak into container
cavity. Effect on the system is the same for lime blockage.
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APPENDIX ITI. INSTRUCTION MANUAL

Initial Start-Up Procedures

The first task in setting up the WQM is to make the appropriate
electrical connections.
Before turning on the power, it should be ascertained that there is
sample available and that the reagent and standard linss are properly
connected to the appropriate containers, and that provision for col-

lection of the monitor's effluent has been made.

Switch the power on (main elec. box) and put the uvnit in the MAN
and WATER modes. If the auto shut-down light on the auxiliary elec—
tronics is on, press it to deactivate the shut-down system. The pump
motor, magnetic mixer and UV light should bhe on.

In order to begin pumping the fluids, the pressure plates in the
peristaltic pump must first be engaged. They are controlled by a knob
located beneath the pump housing. Turn the knob until the pressure

plates reach a maximum height, presaing the tubing against the roller

carriage.

If the unit is completely dry, it may take as much as 15 minutes
for the sample and reagents to fill the system. The four thermal flow
sensors are calibrated at Orionm to read center scale at the proper flow
rates, and left scale whan the flow rate is zero. Within fifteen min-
utes of start-up, the flow meters should settle on the center scale
readings. Failure to do so is of course indicative of either a fluid
malfunction or bad flow sensor. The flow sensors monitor each of the
two individual reagent flows as they pass from the pump to the sensing
mainfold, and each of the two ''reagent plus sample" streams as they exit
the 002 stripper. Reagent flow rates are 4 ml/hr. and the sample flow

rate is 12 mi/hr. in each channel and thus the flow in each of the

combined streams is 16 ml/hr,

The information vielded by the flow sensors can be used to diagnose

gs
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most fluidic failures. If in initial stavrt-up of the WQM, all four flow
sensors do not achieve center scale readings, the troubleshooting pro-
cedures are simple and logical. TFor example, if one of the reagent flow
sensors does not register any flow, the flow sensor which monitors the
combined stream for that channel should read low - only 12 ml/hr. in-
stead of sixteen. This would confirm not only that reagent is indeed
not flowing but also that both flow sensors are functioning properly

since they agree with each other.

A knowledge of the flow schematic and proper interpretation of the
flow data allow an operator to easily track down fluidic malfunctions -
lack of sample, reagent or standard, failure to pump, leaks or blockages
of fluid conduits, etc. The flow data determine a troubleshooting path
such that individual components and interfaces can be checked for leakage

or blockage, replaced or cleaned as required.

There are three lighted pushbuttons on the main electronic panel
which are labeled WATER, STD A and STD B. They control the sclenoid
valves which select the £luid to be pumped. Put the instrument in each
of these modes for at least 5 min. and observe the flow meters to check
that valve operation is correct, to prime the standard and sample lines
and to insure that there are no plumbing problems in these legs of the

system.

Once it has been determined that all of the fluid-handling func-~
tions are in proper working order, it is possible to calibrate the

instrument.

Calibration

Manual calibration procedures are directed from the main elec-
tronics front panel with the exception of those adjustments which per-

tain solely to the NH, calibration. Put the WQM in the MAN and STD A

3
condition. Allow 10 minutes for the sensors to stabilize on STD A.
Using the COND SLOPE knob and the TOC CA%l., pH CAL and NH3 CAL knobs,

adjust the meters to read about 1088 umho/cm, 72 ppm, and 6.86 and 25.0
ppm respectively. Let the instrument run in the STD A mode for several

minutes to check the stability of the readings. Readjust if necessary.

Py



When the values seem stable, press the SERVO button. This activates the
servo motors for 15 seconds. During this period it is possible to
center the vestandardization meters on the left panel. Using the COND
SLOPE knob and the TOC, pH and NH3 CAL knobs, adjust and watch which way
the pointers on the RESTD meters move. Pressing the SERVO again if
necessary to keep the motor active, turn the knobs until the pointers

are centered on the three meters.

The conductivity sensor requires no further adjustment. TIts value
o STD B is over range. 144 ppm, 1.92 and 50.0 ppm are the values of
TOC, pH and NH3 on STD B. Press the STD B button and allow time for
these to stabilize. Then using the S5LOPE knobs, adjust them to the
correct values. Now press the WATER button. The calibration procedure
is complete. If the instrument has been shut down for a period of time,
it may be necessary to repeat the calibration procedure until all of the

sensors have completely stabilized.

The AUTO Mode

The WOM is designed for continuous monitoring. When monitoring a
"real" sample the instrument should be in AUTO so that the automatic

calibration will occur.

A timer at the rear of the electronics unit controls the AUTOCAL
cycle. In AUTO the AUTOCAL cycle ig invoked every 6 hours and lasts 15
minutes (though these intervals can be varied). At all other times the
sample is in WATER and the ON LINE indicator at the top left control
panel is 1lit. The timer begins the 15 minute cycle by switching the ON
LINE and WATER 1lights off and the STD A light on. SID A is aspirated
for 15 minutes and the timer switches the instrument back to its origi-
nal condition, and at the same time triggers the SERVQ mechanism for 15

seconds.

The AUTO mode can be left at any time by pressing ST/BY, MAN, STD
A, or S8TD B. If an AUTOCAL cycle is in progress it will be aborted. To
return to AUTO from MAN, the WATER light must be 1it. In MAN, if the
timer is in the 15 minute AUTOCAL condition, the AUTD button is deacti-
vated to prevent erroneous calibration. The timer can be advanced by
hand if necessary te return to AUTO.
9?
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The MAN Mode

The MAN mode is most useful when the instrument is used in the
laboratory as opposed to ON LINE monitoring. WATER, STD A and STD B
positions can be interchanged at will and the running of samples will
not be interrupted by the AUTOCAL cycle. The timer continues to operate
but its switches are deactivated. This is so the time of AUTOCAL will

not be effected by mode switching.

The MAN-WATER Mode

The MAN-WATER mode is for laboratory use. Samples can be intro-

duced into the sample aspiration tube at will.

The MAN~STD A Mode

The MAN-STD A mode is for manual or semi—-automatic calibration.
This mode is evoked from either the AUTO or MAN mode by pressing STD A.
When the sensors have stabilized on STD A, the conductivity SLOPE con-
trol can be used to set the 1088 pmho/cm value on the conductivity
meter, and the TOC, pH and NH3 CAL controls can be used to set the 72
ppm, 6.86 and 25.0 ppm values on the TOC, pH and NH3 meters. This can
also be accomplished by pressing the SERVO button which can be activated
only in the MAN-STD A mode. By pressing the SERVO button and then
a&justing the COND SLOPE, TOC CAL, and pH CAL and NH, CAL knobs, the

3
pointers on the RESTD meters can be centered.

The MAN-STD B Mode

The MAN-STD B mode is for checking/adjusting the slopes of the pH,
NH3 and TOC sensors. These adjustments can only be made after the
sensors have been calibrated on STD A. 6.86, 25.0 and 72, the get points
for STD A, are the "ISO" points of these meters. The IS0 point is the
only point whose value is not changed when the SLOPE control is adjusted.
Therefores; after these points have been set on STD A with the SERVO
button or CAL knobs, the values 144 ppm, 25.0 ppm and 1.92 can be set on
STD B with the TOC, NHB and pH SiOPE controls.

/
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it should be noted that STD A and STD B share a conduit in the
valve manifold — the one connecting the two solenoid valves. Therefore,
if the STD A mode is activated from the WATER mode, when the previocus
S8TD was STD B, a segment of STD B solution will pass through the sensors
before 53TD A reaches them. The operator should be aware of this to
prevent confusion. The reverse case should not be encountered, since

STD B is to be run only after having run STD A.

The STD/BY Mode

The ST/BY mode is used when the instrument is to be shut down for
brief peariods. The timing cycle of the AUTOCAL is not effected, but the
pump and UV light are turned off. When the pump ig off for more than 1
or 2 minutes, the pressure plates should be released using the knurled

knob beneath the bump.

Fluid Package Assembly Procedure

The fluid package consists of three main assemblies; the valve
manifold assembly, peristaltic pump, and sensor package assembly. Each
is pre-assembled on the bench top, and then installed into the system.
The peristaltic pump 1s placed into position first, followed by the
valve manifold and sensor manifold assemblies. A brief assembly pro-
cedure of each section is described followed by individual installation

procedures,

Peristaltic Pump Assembly Procedure

Assembly should begin from the bottom of the pump. The pressure
plate guide and all associated components should be mounted to the
frame. The pressure relief shaft is next added, securing the saddle
tube release plate and springs into position. The pressure relief shaft
should be threaded into the frame to its maximum. This will guarantee
proper pressure plate release. The bottom cover should now be added.
Tubing is next placed into position and secured with the tubing clamps.
The pressure plates should be drawn down allowing easy roller cage
mounting. Once secured, the pressure plates are released and the pump

is ready for installation.

DES



Peristaltic Pump Instalation

Place the pump into position and secure by the frame mount screws.
Add knob to the pressure relief shaft under the fluids package mounting
plate.

Valve Manifold Assembly and Imstalation

The valve manifold has been previously assembled by Angar Scien-
tific Corp. It can be directly mounted into position using dowel pins
for proper fluidic alignment. Special care should be taken to insure

correct "o" ring seating. Once secured the tubing manifold is added.

At this point the pump should be started and checked for proper
tubing length and al@gnment. Channel flow rates should be examined to
insare the pump is performing as designed. Valve manifold misalignment
may cause low f£low, therefore, care should be taken to properly align
all fluid paths.

Doweal ﬁiﬁs are now added to the effluent side of the pump. Slide
the flow sensor manifold intc position until it properly butts against

the pump frame,

Sensor Manifold Assembly

All components mounted to the sensor manifold are pre-assembled.
During assembly, components should be mounted to the manifold on the
bench top and hydro tested for proper sensor alignment, insuring desired
fluid flow rates. An assembly sequence should be followed to allow for
individual component alignment. After installation, each sensor should
be tested with the test syringes supplied. By following both the flow
diagram and the sensor package layout drawing one can trace the fluid
path in question., Injecting water into this path will allow the assembler
to identify any misalignment, through excessive back pressure. Sensors
that can be pinned into place through Fluid holes should be done using

the .030" dowel pins supplied.

The following is a list of the assembly procedure starting with the

Sensor Manifold Top.



Sensor Manifoid - Top

A. Mount flow sensor #4 onto the top of the stripper.
Utilizing the pinning technique one can adequately align the

fluid paths.

B. QCut to size the polypropylene backed teflon membrane for
the stripper. When installing, consult the stripper detail
drawing to locate the two fluid through holes. Once located,
punch the holes, clean, and mount the membrane to the lower
half of the stripper. WNow add the top section of the stripper,
thoroughly bolting the unit together. Hydrostatically test,
uging syringes, to insure proper membrane aligoment. It

should be noted that the stripper has the most fluid resistance
in the system. This should be considered when hydrostaéically

testing. Now mount stripper assembly to the sensor manifold.

C. Mount the TOC sensor to the semnsor manifold. To test for
proper sensor alignment, inject water through the U.V. chamber
fluid path openings. TFluid should flow with ease. If a

resistance is present, loosen TOC sensor block mounting bolts

and jog sensor into position.

D. Secure mixer into position. Mixer misalignment will be

checked when mounting sensor manifeld bottom components

Sensor Manifold — Bottom
A, Mount pH and CONDUCTIVITY loop blocks as well as pH and
CONDUCTIVITY sensors to the manifold. Inject water into the

sample inlet openings of the manifold. Individually check
each sensor for alignment. If resistance is pressnt loosen
mounting bolts and jog sensors into position. While hydro-
statically checking each sensor, it is important that each
corresponding reagent inlet opening be blocked off sufficiently

to prevent water from exiting.

B, Now mount the NH3 sensor. Again through water injection
into the sample inlet opening at the pH sensor side, and

blocking off the reagent opening on the same side water should



flow through the pH sensor, mixer and then into NH3 sensor.
If resistance is present, jog the NH3 sengor. Since the water
next enters the stripper, more resistance will be present in

the line. Therefore, it 1s up to the judgement of the assembler.

C. Mount the waste block, with waste manifold to the sensor
block. Water injected through the system will confirm proper

alignment.

The sensor assembly is now réady for installation. Lower electri-
cal connections must be made before placing the manifold into position.
Correct conductivity sensor leads and flow sensor #3 leads., Now place
the sensor manifold into position., Secure both sensor and flow sensor
manifolds with two side plates and two end screws. The elongated allen
head wrench (supplied) is used to drive the two end screws into position.
Upper electrical connections must now be made including all sensors,
flow sensors and mixer connections. Lastly, secure waste manifold to

fluids package base plate.

Add the U.V. chamber assembly using the opposite threaded center
screw. Secure the chamber through the side mounting screws and conmnect

the U.V, lamp electrically.
The unit is now ready for operation. Fluid should be pumped
through the system and examined for fluid leakage. Now add the printed

circuit boards to fluids package side channels to complete assembly.

Flow Sensor Calibration

Flow sensors should be calibrated after the system has warmed up
and run long enough to £ill all tubing lines with fluid. To set zero
flow, put the WQM in Stand-by. This will stop the pump but the flow

sensor circuitry will still be operating.

Usé the center potentiometers on the flow sensor amplifier boards
to set zero left on the meters. For sensors 1 and 3 these pots are
numbered R5. TFor 2 and 4 use R27. These pots control the input to the

sensors and in actuality adjust "AT". Thus there will be a time delay



in the order of 30 sec. to 2 min. before the readings stabilize.

Once the "zeros" have settled on left scale, put the WQM into
"AUTO" or "MANY and allow several minutes for flows to stabilize. Set
center scale with pots R6 for sensors 1 and 3 and pot R28 for 2 and 4.

These pots adjust output signal and there is no time delay.
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Development of a Water Quality Monitor

for Spacecrait Application

S. . WEST M. 8. FRANT

INTRODUCTION

In the closed envirormental system of a
spacecrafs, it is essential Ho maintain satis-
factory purity Of the recycled water supvply.

This, in turh, reguires that criferia be estab-
lished for potable water quality, and cthat those
parameters which are considered %o be critical
indicatlcns of purity be closely monitored, After
a preliminary sbudy (1) in which z large number
of possible monitoring parameters were screened,
NASA selected pH, conductivity, and total organic
carbon (TOC) as the most representative, since
any form ol non~biclogical confamination which
might be present in a water supply uould be in-
dicasaed by one or more of these measuremends,

This paper describes the development of a
cortinuous aubtomatic monitor for tvhese parameters
which meets the speczaliged requirements of the
spacecraft envirorment, iinimum size and power
consumption, g5 well as the capabilify of opera-
tion under zero-G conditrons, were important de-
sign eriteria,

The measurement of pH
well-establiished analytical
specific design feabures of
for these meazsurements were selecbed with a view
toward integrabtion with the TOC measuring systvem,
The methodology for the conbinuous measurement
of TOC had ncé been established zt the ouiset of
the work, and thus she development of a suitable
method comprised the principal efford.

Possible oxidation techniques were examined
during preliminary discussions with NASA. As
first choice, a literature search indicated tThav
oxidation of organics by ultraviolet (UV) light
uith or without added oxidizing agents (2-8},
was a promising approach, zlthough relabively
long UV conbtact times seemed necesszery, The
attrazctive feztures of this approach were the
ease of designing for continuous operation, the
zmenzbility of the method ©o miniavurization, and

and coﬁduetivity are
techniques, so the
the components used

1 Underiined numbers in parentheses designate
References at end of parer,

J. W, ROSS, JR.

our established czpability to measure vhe re-
sulting CO2 with a2 minigoure 002 electrode,
Combustion and wet-digestion methods (7, 8) ap-
peared to be more complex and more difficult to
adapt to this application, although they are used
in some commereial equipment.

DEVELOPMENT OF MEASUREMENT TECHNIQUES

Cxidation of Orggnic Carbon

In the initial experiments, several oxidizing
agents, such as hydrogen peroxide, sodium dichro-
mate, and ammonium peroxydisulfate, were evaluated,
The peroxydisulfate was found to be most effective,
and was used in all further work.

The experimental procedure for evaluation
of the UV peroxydisulfate technique was simple,
and a schematic representation of the apparatus
is shown in Fig, 1. Sample solutions of various
organic compounds were pumped through one channel
of a peristaltiec pump (Sage Instruments Dbiv.,
Orion Ressarch Inc,, Model 3754}, and were com-
bined with a reagenc (1 i stou and 1 M (NHu)
25208) pumped through a second chamel, The
mixfure was then passed through a guartz coil,
which surrounded a Y-w low-pressure mercury va-
por lamp (American Ultraviolet, Model GHT5)}. The

PERISTALTIC
PUMP

Y-

b<—QUARTZ COIL

YT

N

COz
ELEC.

TP UV LAMP

Fig. 1 Schematic drawing of the apparabus used
£o evaluate UV - peroxydisulfate oxidaticn method
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Fig. 2 Typlcal TOC calibration curve: (a)}
methanol, 120 ppm C, 100 percent conversion; (b)
phenol, 72 ppm G, 100 percent conversion; (c)
acetic acid, 2% ppm C, 100 percent conversion;
(d) sucrose, 12 pum C, 100 percen: conversion;
(e} methane, 15 pom C, 67 percent conversion

coil and lamp were, In turn, wrapped with aluminum
foil for greater UV effieclency., Residence time

of the selution in the quartz coil was one min.
Downstream from the irradiated coll was a standard-
sized flow-through €O, electrode with a flow-
through cap {Orion Research, Inc,, Model 95-02
Protofype 002 Llectrode, with Model 95-00-25
Flow-thru Cap).

Complebengss of oxidation of the organic
test compounds was determined by preparabion of
a calibration curve using known carbonate solu-
tions, and comparison with the measurements ob-
tained on the test compounds., Fig, 2 1s a typical
calzbration curve showing interpolabed dzbta for
several test compounds, and should be referred
to Table 1, which confains the data used to pre-
pare the curve. The curvature at the low end of
the e¢zlibraftion curve represents an asymptotie
approach to the background level of organic carbon
in the distilled water used %o make the solutions.
A gquantitztive conversion of organiec carbon to
c0, 1s indicated for all of the test solutions
except for a saturated methane solution.

The partizl conversion cof methane suggested
that under the proper conditions, complete con-
version could be accomplished, Proceeding under
the hyvothesis that the heat generated by the UV
lamp was driving some of the methane out of agueous

2

Table 1 Data for Calibrabion Curve in Fig, 2

Tesat carban, Electrode L &
Solutien i FPotential, mv. Conversion
10~3 x co3 12 L -
2072 x co3 120 +50 -
202 § cHyon 120 +50 190
1073 u egngon 72 +39 100
1073 M cHyco0H 24 +15 100
1074 u cyon,.0,, 12 ¢ 100
sat'd CH, 15 =10 67

medium before it could bhe oxidized, a sbainless-
steel coil was wrapped around the lamp ard gquartz
coil. TIce water was pumped through the stain-
less-steel coll during irradistion in order to
maintain the sample at a low ftemperature, Under
these conditions, methane was oxidized completely
to 002.

In contrast, certain refractory compounds,
such as acetle acid, were found te be incompletely
converted to CQ, in the cooled system. To achigﬁe
complete conversion of both volatile and refrzclory
compounds, a two-stage oxidation system was tried.
The sample passes first through an air-cooled ir-
radiation chamber, and then through an uncoocled
chamber, Flg., 3 is z cross-sectbional sketch of
the two-gtep irradiation seaunence. Both chambers
employ éip-tyve B-w mercury vapor lamps (Ultra-
Violet Products, Inc., lModel 2C-1) powered by 36-w
transformers (Ultra~Violet Prcducts, Inc., Model
807-1), In the "cold" chamber, the lamp is sur-
rounded by an oversized gquartz coil and housed
in a T.5-cm-dig polished zalumirmum cylinder, 4
3.2-W fzan {Rotron Mamifacturing Co,, Model Aximax
3) draws ambient zir through the cylinder ang
between the lamp and quarvz ccil, and maintains
the sample at zbout 1 K above ambisnt, In the
Uhot' chember, the quartz coil fits snugly around
the lamp and the assembly i1s housed in a 2,5-cm-
diz polashed aluminum cylinder.

Incrganie Carbon Removal

Sinece the water quality monibor (WQM) meas-
ures TOC after oxidation %o CO,, it is necessary
to remove 002 from the sample prior Lo oxidation,
GOz may exist in water as the dissolved gas, as
bicarbonste (HGOZ), or as carbonate (€07, depend-
ing on solution pH., ZIn acidic solutions, 002 is
present only as the dissolved gas; in alkaline
solutions, CO2 is present a8 a nmonvolatile ionie
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species, HCO- or COZ,

This difference in volatility between the
queous and ilonic forms is the basis of the method
for inorganic (0, removal before oxidation of the
organic compounds, The removal is sccomplished
by means of z membrane stripper, The stripper
(Fig. 4) consists of two acrylic plates, each with
very shallow chamnels (0,10 mm) which are mirror
images of each cther., The plates are clamped to-
gether with a sheet of silicone rubber, GE type
MEM-213 (0.025 mm thickness) sandwiched between
them, The sample, which has been acldified by the
addition of the 1 M HESOu - (l\IHu_)ZSEO8 reagent,
passes through fthe echannel on one sida of the
membrane, All of the ihorganic carbon exists zs
002 on this side of the membrane, in alkaline
solution is pumped throusgh the other chamnel on
the opposite side of the membrane, The 002 in
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Fig. 6 Combination pH-conductivity module

the acidified sample diffuses through the men-
brane and is converted %o €0 ion in the alksline
stripping solution. The stripper remcves 99,9
percent of the €O, from the sample in 30 sec.
Thus, a sample which initially conbains 1000 ppm
of inorgenic earbon as C€Q,, HCO-, or CO° contains
omly 1 ppm after passage through the stbripper,
Even the purest disvilled water often conwains
about 1 prm of organic carbon, so the rssidual
inorganic earbon is negligible in nearly all
concelvable cases.

In the wWQM, the stripping reagent is made
by agddition of NaOH
This is done bto vprevent the loss of any volatile
species, such as methane, which may be present in
the sample. By using equal volumes of sample
and equal volumes of reagent, the concentration
of methane or other volatile, aon-ionigzed species
is the same on each side of the membrane, so none
is lost from the zc¢idified sample which is then
used for the TOC measurement, The alkaline yrob-

to a portion of the sample.

tion of sample flows to waste after passing through

the stripper,
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£0s_ Measurement

Once the inorganic carbon has been stripped
from the sample and the organic carbon has been
oxidized to 002, the sample passes to the CO
electrode, A miniature flow-through electrode
was designed for this application, Fig. 5 is 2
schematic representation of the sensor, The CO2
electrode is a minlature pH electrode in contact
with a2 very small reservoir of WaHCO_ seolution.
This reservoir and electrode are separabed from
the sample by a silicone rubber membranes, CO
in the sample equilibrates with the solution in
the reservoir by diffusion fhrough the membrane
until the partial pressures of CO2 are equal
in the reservoir and sample, The gdiffysion of
002 into and out of the reservoir affects the pH
of the reservoir in accordance with eguation {1),

- - [l
002 + BZO = HCO3 + H (1)

The equilibrium ezpression for this reaction

is shown in equation (2},

Koq = [Hcog] [+ / pC0,, [#,07] (@)

[ ] signifies the activity of the enclosed
specles and 9002 is the partial pressurs of CO,.
Sinee Koy is 2 constant at constant temperature
and pressure, and [Hao] and [HCOEJ are large
enough to be unaffected by the value of pCo_,
[H+] varies linearly with p002 according to equa-
sion (3).

pCO, = constant - [H*] (3)

The electrode potential varies linearly

/0!
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Fig, 8 Relationship betusen response taime and
sample/rezgent consumption

with log {I] and thus with log (pC0,). The
antilog of the electrode povential is taken
electroniecally, and displayed digitally as ppm
carbon. The CO2 sensor is housed in an aluminum
block, the temperature of thich is maintained
electronically at 30 C, For replacement, the
sensing module can be removed from the assembly |
by loosening a thumb screw, Fluid and electrical
conneciions are made and broken zutomatiecally
when the sensor is installed or removed,

pH and Conductivity

The pH and conductivity measurements are
taken upstream of the TOC system. The sample
stream is split equally by aspiration through
a "PT fitting using two ecual flow channels of
the perstaltic pump. The pH and conductivity
sensor are housed in the same module, and are
attached to a temparature controlled hlock identi-
eal to the one used for the CO2 sensor. The pH
and conductivity measurements are mede on the
sepavate sample streams. Fig., & is a schematic
of the combined module,

The tH electrode is a 1,5~cm length of
l-mm-dia pH sensitive glass capillary, backed
with fused silver chloride and silver wire, re-
suléing in a completely solid-state device. The
sample passes Through the eapillary and then
through s flow-fthrough reference junction pro-
viding conbtact with a silver chloride reference
electrode. The electrode signal is displayed
digitally in pH units. After passage through the
pH sensor, this sample stream 1s combilned with
Nao4 and bacomes the alkeline stripping rezgent.

The sonductivity cell consists of a cylin-
drical epoxy tube with platinum plates oriented
180 deg apart as elecirodes. The eleectrodes are
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6.25 by 0,78 mm and the distance between them
({the diamebter of the flow path) is 8.88 mm. A
6-v, 800-Hz square wave signal is applied to the
electrodes, The resistance measured zcross the
fluid path iz converted eleetronieally to eon-
dactance, ané displayed digitally as specific
-conductivity in units of mieromhos/cm.

r

SYSTEM DESCRIFTION

The ¥WQM consists of threse packages--reagents,
fluid handling, and electronices.

The reagents package contzlns the two rea-
gents, stou—(NHu)Z—Sao8 and ¥a0H, plus two
standardizing solutlons. All four solutions are
contained in polyethylene-lined aluminum foil
collapsible bags, The bags were develeoped under
a previous contract with the NASA (10) specifical-
1y for operation under zero-G conditions. The
quantities of sclutins zre sufficient for 30 days
continuous operation of the monitor, The dimen-
sions of the reagents package are height 15 cm,
width 45 em, depth 30 cm, and it weighs 20 kg.

The fluld handling package has the same
dimensions as the reagents package and weighs
10 kg. Flg. 7 is a schematic of the fluld handling
system, Sample, reagents and standardizing solu-
tions enter from the left side., The reagents are
aspirated directly into the pump. The sample and
standardizing soluticn zre pumped inte miniature
solenold valves (General Valve, 1-57-90). A
pressure rellef valve maintains the sample inlet
pressure between 0 and 250 mm Hg above ambient.
The sample stream {or standardizing solution) is
split in a "P," One stream passes through the
conduetivity cell and is then combined with the
acid~peroxydisulfate reagent, It passes then

Jor
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Fig, 10 Response of conductlvity sensor to XNO

3
solution

through the stripper, the Yeold" and "hot! UV
chambers, the CO2 sensor and then goes to waste.
The other stream passes fthrough the pH sensor, thel
is combined with the NaOH reagent hefore passing
through the stripper and going to waste. Response
times are 2 min. for pH and conductivity and 5
min, for TOC, Sample consumption is 40 ml/hr and
reagent consumption is 8 ml/hr for each reagent,
Response times can bde shorter, but only a4t the
expense of inecreased reagent consumption, The
relationship between response time and reagent
usage is shown in Fig, 8.

Tne cimensions of the electronies package
are height 30 em, width 3% cm, and depth 30 cm,
and it weighs 23 kg. Fig, 9 is a drawing of the
front panel, Three digital display meters are
located in the center of the panel. Operatlonal
mode controls are located on the left, and manual
calibration controls on the right. In automstic
operatlion, all of the manual calibration controls
and all operating controls, except for power and
choice of mode, are concealed bto prevent acciden-
val changes of seiting. The electronics are in-
terfaced with the fluid-handling system by means
of a mul%i-pronged connector.

During automation operation, a calibration
eycle is Invoked every 6 hr. A timer in the
electronics sectlon activates one of the solenoid
valves, switeching from sample to standardazing
solution., After zll of the sensors have stabi-
lized on the standard (15 min,), the correct
values are automatically set on each meter, Valve
switching and automatic calibraztion can be acti-
vated manually with the controls on the lert

>



Table 2 pH Results on Test Solutions

Solution Observed pH
MTP 111 21 9.85
9.75
9.85
MTP 111 28 9.%0
9.80
9.85
MTP 111 310 .80
MTP 111 27 10.10
10.00
10.05
MTP 111 #2 7.15
7.15
MTP 11} 26 7.15
7.10
7.15
MTP 111 39 7.00
7.05

panel, Calibration can also be accomplished en-

tirely manually with the controls on the right
panel,

RESULTS AND DISCUSSION

Conguetivity
The response of the conduetivity sensor to

changes in solution composition is shown in a
ezlibration curve in Pig., 10. Potassium nitrate
solutions were used in this case, and a linear
response was obbtained from 0 to 1320 micromhos/cm.

pH

Table 2 shows some bypical results of pH
measurements on test solubions, The system re~
quirements are plus or minus 0.1 pH units, and
these are easily met. (Refer to Table 5 for the
composition of the NASA Master Test Plan Solu-
tions.}

Total Organic Carbon

A list of the compounds which have been
quantitatively oxldized to co2 in the WQM using
the dual UV lamp seguence is shown in Table 3,
The compounds were selected to ecover a wlde range
of molecular weights, organic functional groups
and structures, and ease of oxidation.

To date, the only tested compounds that
were not completely converted are thiourea and
ethyl sulfide, The incomplete oxidation is
probably due to the formation of COS (carbonyl

6

Table 3 Summary of Organiec Compounds Completely
Oxidized by Two-Btage Irradiation Sysbem

1. Acateone 14. Sucrose

2. Aceé;c Acid 15. WNaphthol Yellow S
3. Mathanol 1§. Benzane

4. Methyl Ethyl Retone 17, Ethyl Cyancacetats
5. Ethylene Glycol 18. Ascorblc Acid

S« 144 Dioxane 19. aAniline

T Phanel 20. Phthallc Acid

8. l-0ctanol 21. Methano

%s  Allyl Alcohol 22. Mercaptoacetic Acid
10. Urea 23. Chlcroncetic

11. Glyeine 24. Ritrobenzene

12. Oleic Acid 25. Mbumin

13. Benzonile Acid 26. Feormaldehyde

sutfide) instead of (‘,‘02 for the carbon which is
attached to the sulfur atom.

This seems llkely sinee carbonyl sulflde
ean be made by the reaetion of related compounds
in aecld solution: for example, from ammenium
thiocyanate, ethylthiocarbonate, or ammonium -
thiocarbamate {10). This hypothesis is strength-
ened by the faet that organic sulfur compounds
with other structures, such as mercapboacefic zcid
and Naphthol Yellow S-{also known as "Sulfur
Yellow 8"), are completely oxidized.

Table B gives typical resulvs for TOC analy-
sis on %est solubtlons, (Refer Lo Table 5 for the
compasition of the NASA Master Test Flan Solu-
tions.} The background level appears to he about
2-pom carbon, There is no difficulty in detecting
a l-ppm inecrease ahbove background; higher levels
{up to 200 ppm) seem to work quite well.

+

FURTHER WORK

We are plaming to contimue our work on
the WQM. Although the sensors were miniaturized
for this first unit, much of the accessory hard-
ware (such as pumps) was commercially available,
off-the-shelf equlipment, whieh can also be nin-
iaturized to reduce the overzll system slize and
welght.

For spacecraft applications, the use of
mercury vapor lamps is not desirable. Ue plan
to look at alternative UV sources, recoghizing
that changing to lamps of dxfferent efficiency may
also require redesign of the heating and cooling
stages of the present sysbtem,

ACKNOWLEDGMENT

Many helpful discussions with Robert Cusick,

/03



Table 4 Typlcal Total Organlc Carbon Resultbs Table 5

0 ppm expected - MASA Master Test Plan Solutien Compositions
solution ppm Obsexved MTp 111 §1 19-3 M Xzc04
ute 111 N g 5 x 10°4 M HCl

z
HTP 111 2 1073 M xHico,
uTP 111 42 g 5 x 107¢ M HCY
F]
KIP 111 #6 1073 M xHCO,

24_ppm expected £ x 1074 ¥ HCL
solution £P™ Chgezved 5.2 x 1073 M cRyroCH,
MTP 111 #7 24 )

n uTe 211 7 1072 & K004
H 103 H xaco,

-3
35 _ppm expected 2,0 x 1077 M ByNCONiL,

Soluticn pem Obaerved ¥re 111 18 163 H K604
wrP 111 g8 3 5 2 1074 i BoL
-4
Ee: s x 1074 u o8 0.cHO
-3
27 expected MTP 111 #3 1073 imr:os
- o1
Solution PPm_Cbserved 5x 107
N -4
TP 111 110 25 10-% K cu,on
23
XTP 111 £10 167  x,c04
meT 311 411 25 € x 10-¢ M fcl
WP 111 417 25 $.2 x 1074 H cHycocH,
2.0 x 1074 o ApuCONE,
1.2 ppm expected 5.0 x 1074 u enyon
Solutlon PRt Observed
KT 111 §9 a MTP 111 #i1 10-3 M XHCO,
£ x 1074 8 oEc2
MTP 111 416 3
5.2 x 104 M CHyCOCH,
191 ppm expected 2.9 x 1074 M Hyuconn,
splution pEM Observed §.0 x 10~4 § cHyoH
wIP 111 98 155
before addition KTP 111 #16 =2
i;g} of coeld charber 107¢ xucos
& x 103 M HCL
195 10-¢ M cHyoH
181
HTP 111 417 102 H xyc04
sx 0 nu0
MASA Technical Monitor for the Breadboard Water 5.2 x 1074 u cnycock,
Quality Moniltor, are gratefully ackrowledged, 2.0 x 1079 & HyNcoM,

5.0 x 10”4 enyon
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Prel\iminary Design of a Preprototype

Water Quality Monitor

S. J. WEST M. S. FRANT

INTRODUCTION

New applications for automatic wei-chemi-
cal amalysis systems in the industrial, bio-
medical, and envirommental fields are being
rezalized 2t an increasing rate. The relia-
bility of these instruments must be very high
in order that decisions of consequence can bhe
based upon the information they generate, Use
in manned space flights presents a uniquely
challenging set of criteria for the design of
such systems,

This paper describes the continwation of
the design of a four-parameter Water Quality
Monitor (WQM), a subsystem of the Regenerable
Tife Support Evaluation {RISE) being conducted
by NASA Johnson Space Center, This instrument
will monitor the potability of reclaimed waste
water in the self-contained RISE payload. The
instrument also has potential application on a
manned orbiting space statieon which would uti-
lize a regenerable water supply system.

The first phase of this effort generated
2 breadboard version of a continuous, automati-
cally calibrating measuring system for pH, spe-
cific conduciance, and total organic carbon
{T0C), The primary-aim of the breadboard work
was to prove the feagibility of thege wet-chemi-

eal analysls techniques withinltge specifications

of the spacecralft environment.

1 Migselhorn, J. E., Witz, S., and Hart-
ung, W. H., "Develomment of a Iaboratory Profo-

type Wabter Quality Monitoring System Suitable for

Use in Zero Gravity," NASA CR-112267, Jan., 1973.
2 Wvest, 8, J., Frant, M. 8., and Reich,

D., "Interim Report on the Breadboard Water Qual-

ity Monitor," MASA Contract No., NAS9-14229, sub-

mitted by Orion Resgearch Incorporated, Cambridge,

Mass., 1976.

West, 8. J., Frant, M. 5., a2nd Ross, J.
W., "Development of a Wabter Quality Monitor for
Spacecraft Application,” Proceedings of Inbter-
society Conference on Environmental Systems,
Amerigan Society of Mechanieal Engineers, 1976,

S, H, FRANKS

Having demonstrated feasibility of %these
measurements in the breadboard stage, a pre-
prototype version of the instrument has been
designed., The principal effort in the develop-
ment of the preprototype WQM is directed toward
inereasing the mechanieal integrity of the
fluid handling system such that its reliability
is high and that its response time, expendables
consumption, volume and weight are low, The
instrument contains causbic reagents, so the
need to ensure against any possible leakage in-
te the cabin atmosphere camnot be overempha-
sized,

The preprototype WQM development is
described in two sections, The first describes
the fluidic flow scheme and modifications an
the chemistry which have bheen implemented since
the breadboard, The second describes the enw~
gineering appreach to flight-packaging and im-
proving relisbility,.

CHEMECAL DESIGN

The .chemical studies and design for the
WOM were addressed with maximum prioriky in
the development of the breadboard, znd the pre-
profotype development focuses chiefly on me-
chaniecal redesign and hardening. However,
chemical testing and investigation has been
an on=going proceés, and as a result, several
modifications have been implemented, The pre-
prototype WQM will be a four~parameter measurs-
ment system. In addition to the pH, specific
conductance, and TOC measurements made in the
breadboard WQM, ammonia will z2Iso be measured.
Also, one of the two ultraviecleft irradiation
chambers of the breadboard has been eliminated,
and the oxidizing reagent has been modified.

Plumbing Scheme
Fig. 1 is a2 schematic of the fluidic sys-

tem, The plumbing logic is not different from
the breadboard WQM since the incorporation cof

s
. /.0.7.
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NH3 sensor required no additiongl rezgent., The
sample, standardizing solubtions, and reagents
are aspirated by the peristazltic pump invo the
valve manifold, The incoming sazmple or stand=-
ardizing solution is split and each stream
pumped 2t 15 ml/hr into the measuring system.
Conducvivity and pH measurements are tzken on
the untreated sample streams, and then each is
conmbined vith separate reagents which are pumped
into the sample streams at 3 ml/hr, inereasing
the flow in each leg 5o 18 mli/hr, fThe reagent
added to the "conductivity leg" is 1 M KHSO
and 1 M H,S0u, and that added to the "sH 1eg"
is 2 M N=0H. .

The NH3 measurement is taken at this
poinv on the alkaline sample. The two sample-
reagent streams then flow to the {0, stripper,
where dissolved GO, is transferred from the
acidie to the basic stream. After flowing
through the stripper, the alkaline portion
goes to uvaste, and the CO0z-free acid portion
flows 0 the ultraviolef irradiaztion chamber.
Here the organic constituents of the sample
are oxidized te COp and the sample flows to the
002 sensor znd then &6 waste.

Ammonia Heasurement

Incornoratzon of the NHz sensor infto the
WUeM was straightforward since the NaOH reagent
necesgsary for this measurement was already
pregent in the system ag the COp stripping re-
agent. The NH; sensor, like the COp sensor,
is a gas-sensing electrode, Its response is

2

provortronal to the log of the vartial pressure
of NH-. which, in turn, is linearly proportional
to the concentration of free NH3 dissolved in .
the sample., The addition of NaOH to fthe sample
prior to measurement assures that the ammonia,
which can exist as ammonium ion {NHu), oy &s
free ammonia (NHB)' exigts solely as NH3, the
species sensed by the electrode,

The NH3 sensor is mechanically identiczl
to the G0, sensor, It congists of a miniature
pH electrode which is in contact uith an ine-
ternal reference solution, This solution zand
the pH electrode zre separated from the sample
by an NH3 permeable membrane. HH3 in the
sample equilibrates with this solution by dif-
fusion, and thisz solunbtion achieves a pH which
corresponds to the sample NH= concentration,
Thig electrode differs from the €0, sensor only
in the type of membrane used and the composi-
tion of the infernal reference soluvion, The
miniaturized geometry of this type of elecsrode
was optimizZed in the breadboard work,

Elimination of Room Temperature Trradiation

Iin the breadbecard WQM, two UV chambers i
vere used, One was maintsined at room ifempera-
ture since this was necessary %o oxidize dis-
solved CHy. More detailed process information
is now available, and NASA has indicated that
oxidation of methane is not necessary in the
preﬁrotocype WQM. As a resuit, the room tem~
perature UV chamber has been eliminated in the
nreprototype. The present single UV chamber
is alioved to be heated by the lamp to 60 C.

Elimination of the room temperature UV
chamber affects the TOC response of the WQM to
compounds with vapor pressures in agqueous solu-
ticn that are in the sazme order as methane,
With an uncooled UV chamber alone, compounds
rith water solubilities and vapor pressures of
the same order as methane (e.g., ethane) are
partially driven cut of solution by the heat
of the lazmp, and into the oxygen bubbles wthich
have been produced by the UV catalyzed decom-
position of the oxidant. In this state, they
fail to react, It was felt that the presence
of such compounds was unlikely and that this
limivation of the instrument was outweighed by
the gains to be had in redueing size, weight,
conmplexity, pover consumption, and response
time,

Resgent Desagn

Alternate oxaidants for the TOC measure-
ment were investigated in this work, The most
powerful oxidant presently evaluated is anm-
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fmonium persulfzate, (NHH)QSEOS’ which was used
in the breadboard WQM. Since that time, tuo
other compounds, potassium monopersulfate,
KHSO5, and potassium peroxydiphosphate have
become commercially available. These three
compounds a1l combine the properties of good
wvater solubility, strong oxidizing capability,
and eontain the peroxy-linkage which 1is readily
activated by UV light. The disadvantage of the
original (NH4)23208 igs its gradual thermal de-
composition to the meonopersulfzte form and
sulfuric acid,
monopersulfate showed poorer oxidation of
acetie gcid, which is considered to be the most
refractory organie compound.' In experiments
conducted under conditions suitable for 100
pereent oxidation of acetic acid by ammonium
persulfzte, potassium monopersulfate oxidized
only 85 to 90 percent. The change to the mon-
opersulfate in the preprototype was Justified
by 1ts performance with all other compounds
tested and its greater stability,

Initial experiments with potassaum per-
oxydiphosphate have been extremely encourag-
ing; however, more festing is necessary to
Jddge its suitability in comparison to monop-
ersulfate,

Evaluation of the potassium

MECHANICAL DESIGH

Both the reliability and safety of the
WQM in the spacecraft environment depend pri-
marily on engineering the system for zere
lealkkage, Design for zero leakage must be ac-
complished within the constraints imposed by
the funcvional optimization of the instrument -=-
aceurate data output, fast response time, long-
term unatbtended operatien; and also within the
consbraints imposed by i¥s operating environ-
ment == lov volume, low weight, and low power
and expendables consumption, and ability to
operate in zere-G. In this section of the
paper, the designs of the major subassemblies
are described with reference to these eriteria.

Yalve Assembly

The preproiotype WM requires the use of
valves in ifs calibration and flush-out modes.
In the ealibration mede, standardazing solutions
are auktomatieally subsfituted for the sample by

; Hemer, G, G., Pringle, H, W., and
#auvk, C. E., "Oxidation of Refractory Organic
Materizls by Ozone and Ultraviolet Light,"
DRAK-TU-C~0239 Houston Research, Inc., Houston,
Texas, 1974,

means of a tio three-uay selenoid valves (Angar
Scientifiec, Model 250). Each sensor requires
a two-peint calibration, seo the two standardiz-
ing soluiions {hereinafter designated STD A and
STD B}, have been designed to ealibpate all
four sensors simultaneously., In the flush out
mode, STD B is substituted for the twe caustic
reagents, and the entire fluidic system is
filled with this non-caustic solution for
reagons of gafety, This mode reguires two
additionzl three-way solencid valves.

In ordinary usage, each of these four
valves vould require three fluid fittings and
a complicated array of tubing. In striving
for zero-leakage, these valves have been mani-
folded into one monolithie block which requires
a total of nine fifttings. In addition te the
valving, this block eff'ects the splitting of
the sample stream, such that the fittings nec-
essary for a "rPee" are alsc eliminated, Fig. 2
is a schematic representation of the valve
manifolding concept. The two valves necessary
for the introduction of STD A and STD B are
shown ag well as the plumbing for splitting the
sanple or standardizing solutions,

Peristaltic Fump

The peristaltic pump is the only sompo~
nent in the ¥QM uvhere the fluid is conftained in
elastomeric tubing. This means that it 1s a
high~rigk area in terms of leakage. As a re-
suls, the pump designed for this application
must contain any fluid which could be released
in the event of pump tube rupture.

The pump is also the largest and most
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Fig, 2 Valve manifolding concept
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Fig. 3 Segled peristaltic pump

mechanzcally complicated assenbly in the WQM,
and therefore the greatest gains in oversll
welght and volume reduction of the entire unit
can be realized by proper pump design,

Fig, 3 is a schematic cross section of
the four-channel peristalitac pump designed for
the preprotobtype WQM. The pump mechanism 1s
hermetically sealed in a stainless-steel hous-
ing. The roller carriage rg driven by a plan-
etary gear system which prevents mechanieal
abragion of the tubing. The dimensions of the
pump are 15 x 12.5 x 11 cm,

In order to continuously monitor the
operasional status of the WQM, four thermal
£low sensors have been designed into the pump
{not shown in Fig. 3)., These sensors will
measure the flow rate in each pump channel by
a differenvial thermal technique. Pump tube
rupture, leaks or blockages in the system, or
exhaustion of reagent supplies ean be indicabed
by these sensors.

Sensor Assembly
The design of the sensor agsembly is
baged on the same concept of manifolding as the

valve assembly. The pH, NH3, and COz electrodes

are similar in construction gnd amenable to the
monolithic design vhilosophy. They are geo-
metrically more complicated than the solencid
valves, however, and the base block of this
asgsembly is, thevefore, intricate,

Fluid paths are contained in the zerylie
base block and lead to the surfaces at the
points where the measurements are to be taken.
The individual sensor blocks {acrylic) are
bolted to the base block at these loeations,
Fig. % 1llustrates the concept in a simplistic
way, and shows also the mammer in whieh the
reagents are comhined with the sample uithout
external "ree" fittings.
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Fig, 4 Schematized sensor manifold

COs Stripper

In the siripper, the two sample streams
pass through mirror-image spiral channels,
sevarated by a 0.025~mm gas permeable, non=-
wetting membrane, In the acid stream, all the
inorganie earbon exaskts as free (€0, which dif-
fuses through the membrane and reacts with the
#a0H. There i1s no net transfer of volatile
organices in the stripper due to the egual di-
lution of the sample streams. This is true
even of volatile organic acids such as formic
or acetic because the sample resgidence time an
the stripper {40 see) 1s not sufficient to
allou measurable transfer of compounds with
low vapor pressures,

In order that the CO, can be rapidly and
efficiently removed from the sample, the ge-
cmetry of the stripper has been optimized %o
promote rapird transfer aceross the membrane.
The rate of diffusion varies with the inverse
square of the chammel depth so this depnth is
as small as will permit flow without excessive
back pressure, The depth of the spiral chan-
nels is 0,2 mm, and each is 0,75 mm wide and
125 cm long, At the flow rates of 18 ml/hr
through each channel, the stripping efficiency
is 99.9 percent in 40 sec.

The plates, on which the chamnels are
milled, are 316 i stainless steel, each 1.25
em thick and 8.75 em in diameter,

UV _QOxidation Chamber
The design of the UV oxidation chamber
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presented the greztest difficulty in ensuring
zere leakage, The chamber must contain the
highly acidic oxidizing solution which is
strongly activated by UV light, as well as
the foxdic mercury vapor Which is contained in
the UV lamp. Elastomers, epoxies, and many
other common construction and sealing materi-
als, which are compatible with The reagent or
UV alone, are not aceaptable in the presence
ef both,

A schematic cross section of the new UV
chamber is shown in Fig, 5. The outer body
of The chamber is a hollow titanium cylinder

which has been threaded internally, The thread

acts as the sample flow pabth, The titanium
shell 1s heated to 400 € and slipped over a
quartz gleeve, resuliing in a2 0,01- to 0,02-mm

interference fit which mechanically seals the
sample~reagent stream in the helical flow
channel. The UV lamp fi%s into the quartz
sleeve and is sealed in place with fitanium
end caps and O-rings. Thus, the solution and
lamp are individually sealed. A phobocell is
contained in the cap Po monitor the operation
of the lamp.

FURTHER WORK

The present WQM consists of integral sub-
assemblies. The zZero-leakage criterion has
been applied to each sub-assembly by striving
toward monolithie design, This state of design
1s a sbepping stone to complete inftegration
of" the entire fluidie systemr., The diversity
of chemical, mechanical, and electronic com~
ponents which make up a conbinuous wet-chemical
monitoring system necessitabes that a rigorous
design approach be taken to ensure maximum re-
liability, optimum system performance, and zero
leakage.

We plan to continue our work on the WQM.
The problems addressed in this work are common
t0 a large field of chemical analysis tech-
niques, and new technology deriving from this
effort will find many applications,
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