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FOREWORD

This work was performed for the U.S. Army Engineering and Housing Support Center (USAEHSC),
under Facilities Engineering Application Program (FEAP) "Energy Conservation Retrofits for Standard
Designs." B. Wasserman, CEHSC-FU, was the technical monitor. Operations improvement was funded
in part by the U.S. Army Forces Command (FORSCOM) under reimbursable project Intra-Army Order
FC-176-87, "Assessment of Energy Savings through Improved Operations of Heating Equipment."
Naresh Kapoor, FCEN-RDF, was the FORSCOM Project Monitor.

The research was performed and coordinated by the Energy and Utility Systems Division (FE) of
the Infrastructure Laboratory (FL), U.S. Army Construction Engineering Research Laboratories
(USACERL). Some of this effort was done under contract by Arthur D. Little, Inc., where Richard Caron
was principal investigator. Dr. David M. Joncich is Chief, CECER-FE, and Dr. Michael J. O'Connor is
Chief, CECER-FL.

Appreciation is expressed to Richard Rundus, G. Russ Northrup, Lee Edgar, and Richard Strohl of
USACERL for their assistance in building monitoring and improvement, and data analysis. Special thanks
is extended to the Directorate of Engineering and Housing (DEH) and Operations Division personnel at
Fort Carson who provided valuable knowledge and assistance during this project; in particular Duane
Schaap, Acting Director of Engineering and Housing; Stephen Snyder, Energy Coordinator; and Dick Hall,
Chief of the Operations Division.

COL Daniel Waldo, Jr., is Commander and Director of USACERL, and Dr. L.R. Shaffer is
Technical Director.
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2 ORIGINAL BUILDING CONFIGURATION

Building Layout and Use

Building 811 is an L-shaped (Type 64) bachelor enlisted quarters constructed in 1956. Figures 1
and 2 show an original floor plan and exterior view for the barracks. It has a three-story barracks wing
plus an adjoining single-story dining facility. The total floor area of about 38,000 sq ft* consists of about
1 1,000 sq ft for each of the three barracks floors and about 5,000 sq ft for the single story wing. The
three-story barracks wing is oriented north and south and the single-story kitchen/mess hall wing is
oriented east and west at the south end of the barracks wing.

The barracks wing has double- and single-occupancy sleeping quarters, ground level offices,
lounging rooms, and laundry and bathing facilities. Originally an open-bay sleeping design with capacity
for 178 residents, the barracks wing was converted to individual rooms in 1978. This wing is built above
a combination of basement and crawl space. The basement is used for an equipment storage and office
area. The kitchen/mess hall wing is currently being used for a first-aid station, classrooms, and offices.
The kitchen equipment has been removed (with the exception of a walk-in refrigerator) and the plumbing
service has been capped. The south wing is built over a partial basement which houses the mechanical
room.

Building Construction

The building was originally constructed of 8-in. concrete block exterior walls, 6-in. concrete ground
floor, and a roof composed of 1/2 in. stone, 2 in. rigid insulation, 2 in. concrete, an air space, and acoustic
tile. The building had numerous single pane windows. Energy retrofits in 1985 resulted in:

"* the blocking of 50 percent of the window area

"* the replacement of existing window units with double-glazed, double-hung, thermal-sash
window units

"* the addition of exterior wall insulation consisting of 2 in. of rigid polystyrene and a 3/8-in.
polymer-modified portland cement stucco finish

"* the replacement of two existing electric fixed-setpoint heating water controllers with pneumatic
outdoor reset controllers

* and the blanking of the outside air intake to one of the south wing's air handler units.

Heating

Heat is provided to the barracks wing through hot water fin-tube radiation. (The south wing also
uses a steam unit heater.) The building is zoned for three hydronic heating loops: the east side barracks
wing (zone 1), the west side barracks wing (zone 2), and the south wing mess hall area, now first-
aid/classroom (zone 3).

The hot water heating pipes form a two-pipe reverse return system. The pipes for the barracks wing
run through the crawl space and up several three-story risers on each side of the building. These pipes
branch off at the risers on each floor to supply perimeter hot water to the fin-tube radiators running for
a series of approximately five dormitory rooms or one stairwell. A two-pipe reverse return system is
inherently self-balancing; no balancing valves were found on the hot water pipes. However, there were

"Metric conversions are listed on p 28.
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Figure 1. Original Floor Plan, L-Shaped Barracks.

Figure 2. Exterior View, Building 811.
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a few shut-off valves. The dampers on the radiator cabinets originally had pull chains to close off the
louvered openings for decreased heat exchange, but no operable dampers were found.

The circulation pumps for the three heating zones are controlled by an outside air sensor that turns
the pumps off when the outside temperature is above a set point. The south zone also has an interior
thermostat that overrides pump circulation for zone 3 below the pump cut off temperature. The indoor
thermostats for the barracks zones (zones 1 and 2) which were indicated on the original building plans are
no longer installed.

As a result of the 1985 retrofit, the circulating temperature of the hot water to zones 1 and 2 was
reset based on outside temperature. The supply temperature ranges linearly from a minimum setting
(during warmer weather) to a maximum setting (during colder weather.) The supply temperature of the
hot water to the south zone was not reset.

Boilers

The hydronic heating system is serviced with one of two Kewanee gas-fired steam boilers with
nameplate input ratings of 3.12 MBtu/hr. The operating boiler is currently firing at about 1.8 MBtu/hr,
presumably from intentional derating. One boiler is used strictly for stand-by and brought on line as
needed. The working boiler maintains a steam pressure currently set at 9 to 13 psi. Steam was provided
to three hot water converters, a 645-gal domestic hot water storage tank, and a unit heater in the south
wing. Steam pressure was maintained continuously during the heating season even when heating
circulation pumps were off.

Cooling

Cooling is provided by chilled water, supplied from a central plant, and pumped to fan coil units
in the rooms. Fans can be controlled individually. The occupants and the heating shop have observed
that cooling in the summertime is insufficient. There is no in-building control to limit the amount of
cooling because there is no excess capacity.

Ventilation

Four air handlers provided ventilation in the original building design. Two serviced the old kitchen
area (one blanked off), one serviced the old dining area, and one serviced the hallways of the barracks
wing. At the time of the last inspection, all forced ventilation had been disabled.

Domestic Hot Water

Domestic Hot Water (DHW) was provided by a direct-fired gas unit and by a steam heat exchanger
serviced by the boiler. The boiler provided the primary heating, and the direct-fired unit cycled if the
boiler was unable to meet the demand. DHW was maintained near 180 'F.

8



3 OPERATIONAL FINDINGS

General

The building was substantially overheated, a condition caused by a combination of inadequate
equipment, improperly set equipment, and inappropriate actions of occupants and operators (e.g.,leaving
windows open in cold weather). The part-load efficiencies of the space heating and DHW heating systems
were low due to various standby losses and control strategies.

Specific

The temperature control of the building was inadequate for three major reasons:

I. The steam valves on the heating hot water converters were too large. The resultant control was
on/off rather than modulating.

2. The existing hot water controllers were not set for existing conditions and were also difficult to
set and maintain.

3. Some control wiring was broken.

The boiler was controlled to maintain steam pressure regardless of a need for heat from mid-
September through mid-May. The heat developed in the boiler was vented through the flue on the off-
cycle. These factors caused significant standby losses in an area having a lengthy transition between
seasons. Other problems with the heating equipment included a leak in the boiler, a need for boiler tune
up and repair, a failed steam trap, and excessive vibrations in a circulating pump.

The DHW service posed both an energy and comfort concern. The plumbing for the DHW was
valved so that most of the need was serviced by the steam boiler rather than the more efficient direct fired
gas water heater. Further, the direct-fired water heater was underfiring and could not meet the DHW need
alone. The shower heads were large or nonexistent, causing a heavier than needed DHW demand.
Because there were no mixing valves, a scalding occurred if the toilet was flushed while others were in
the shower. The setting for the circulating DHW temperature was higher than necessary, causing undue
standby losses.

Although some building operators were highly skilled, other operators could improve their awareness
of how the building systems operated and what the appropriate response was for a particular problem.
Operators did not log or coordinate service responses and, therefore, could easily undo each others' fixes
and over-tweak delicate instruments. Repairs were often makeshift, which focused on symptoms rather
than causes, and left systems only semi-operative. Further, operators indiscriminately trusted that occupant
complaints were founded and rarely verified the need for system attention.

The need for energy education for building occupants was also apparent. Some occupants were
uncomfortable in rooms that were heated to 75 'F because they wore inappropriate clothing for winter
conditions or failed to use a blanket on their bed. Other occupants had cold rooms because they
barricaded their radiators with furniture. Rarely were occupants aware of opportunities for comfort
control, such as thermostats or radiator dampers. Occupant education could reduce many unnecessary
service calls.

9



4 IMPROVEMENTS IMPLEMENTED

After the original retrofits were made, various operational and housekeeping remedies were
implemented to improve temperature control in the building and to increase efficiency and decrease the
loads of the space and DHW heating systems. Modifications included equipment repair, replacement,
augmentation, tune up, and control strategy changes.

Manufacturer specification sheets are included in the Appendix for the installed products used in
retrofits. References to manufacturers are made to fully identify the equipment used in this project; these
references are not endorsements of the products. After 1 year, all products were operating satisfactorily;
other manufacturers' products could perform as well.

1. The boiler control was modified by installing a double-pole, double-throw relay tied to the
outside temperature sensor which activates the pumps. This allows the boiler to fire only when the
circulator pumps call for heat to the building. This occurs when the temperature drops below a set value.
usually 55 'F. An override switch was installed so that it would be possible to reset the original boiler
system. Figure 3 shows the relay and override switch installation. An added benefit of this change is that
the building operators do not need to turn the boiler off for the summer. It will turn itself off if the
outdoor temperature control is set appropriately.

2. A damper motor was installed on the boiler to close the flue damper during the off cycle. The
damper is fail-safe with a spring-open mechanism. Figure 4 diagrams the flue damper control. The
existing steam pressure control activates the flue damper to open when the minimum setpoint steam
pressure is reached. The boiler control circuit is now activated by an end switch on the damper motor,
so that the burner can only come on after the flue damper is open.

3. The boiler leak was repaired.

4. The boiler was tuned up. This included cleaning the fire and water sides of the boiler, replacing
broken parts (e.g., rusted cross-over tube), cleaning boiler blow down, and adjusting fuel air ratio.

5. The failed steam trap was replaced.

6. The vibrating circulation pump was serviced.

7. Smaller steam valves and actuators were installed at the hot water converters. The valves need
to be normally open and linear. The steam valves were sized with the assistance of gathered energy data,
indicating a maximum steam flow requirement near 400 lb/hr. Data gathered from another L-shaped
barracks without the 1985 retrofits indicated a maximum steam flow requirement near 550 lb/hr for each
zone.2 With the installation at Building 811, the manufacturer agreed to replace the steam valve if the
sizing was inappropriate.

8. New pneumatic heating reset controllers were installed and adjusted for the barracks wings.
Diagnostic sensors (temperature and pressure meters) were installed in the control lines. Figure 5 shows
the control scheme. Table I gives the material list for the reset control and steam valves.

2 Estimated hard calculation from data on Building 813.

10



Outside
Temperature

Sensor

110 VAC Outside Temperature
Power Supply Control Switch

Box (DPDT')

E3Junction Box [[3

S3Override Control Switch [_

Thermostat Switch
E3Boiler Main Switch Zone 3 Boxes

Ignitor Control
Burner Control

r --- 
Circulation Pumps o

Boiler

Gas Valve Ignitor

Figure 3. Schematic of Relay and Override Switch Installation.

11



MATERIAL LIST 12

2,0 VAf- 14 1 M945A1017

H--TW STEAM

M&VSQILE. C.OtTR.OL

FLUE MAE

'PAMV.A?EL WITA.

C IRCUIT.

'EQU,0CE o' A FALL ikiJ SOILE 9 STE.AKA 92-El-JIM) FPeS5UE
CrnTR~oUCLeR CoI#4TAi(.T'5 MAKE~ AKIVP V~AL4P'4S MOr-k
C-IRCUIT It eVE,?ctIS. I'A&"PEtM MOO~ COPF-A ! FLUE
VI)A?6?,) EO 6VIJ I TC-A MAKE-5 r=MA*EL.1N~ f7OILe R-
Co&JTPOL CP.pCu Ir. Honeywell

c 304- 7T1,3'EKOS-65 WA--' SUTH

-FORT C.AVOi.1
EVISIONS IDATE lAPPO. FLUE IPAMPEIZ. CiONrlROL

SSUPERSEDES JDRAWN BY: -T * -DATE IL7- LZ LPIIDRAWINQ 4 R'V.

SUESEE BY APPROVED BY: ISHEET I OF I NUMBER 94t1 - 110-1
01-32212-420 $- so

Figure 4. Flue Damper Control Diagram.

12



West Zone East Zone

Reset Schedule

180 152 West
DM HM
40 105

HWR HWR 0 180

East
105 105 M HWS

27 105
1 152

0 4!0 OAT 0 27 OAT

LP914AI011
-40- 160F 305931

S 3059293S05921

1 9M D.A.305965 WetSelto

Wi-940F (primary setpoint)
Xp=1 1 F (proportional band)
Wc-430 F (conpensation start pt.)

I- Ac-218°F (authority)
2 5 3 1 Ea1stLeUio

W1=80*F (primary setpoint)
4-11# RP920B1049 Xp= IIOF (proportional band)

MP953C1O83 Wc=430F (conpensation start pt.)
-DA Ac-218°F (authority)

Steam V5011C1391
N.O.

Hot Water Return
Converter

Hot Water Supply

LP914A1052
40-2402F

Figure S. Reset Control Scheme.

13



The appropriate settings for the reset controllers were originally determined by trial and error. These
settings will be different for each building and each controller. Controls governing interior comfort should
be adjusted by control specialists. Figures 6 through 11 show the interior temperature trends by zone and
the effective reset schedules during these periods. Table 2 shows the zone controller settings which
brought about these reset schedules.

9. Broken control wires in zone 3 were repaired. Figure 12 shows the heating control scheme for

zone 3.

10. Superfluous controls were removed. Operating controls were labeled.

11. The valving for the DHW was changed to isolate the steam boiler from the water heating
function. Figure 13 shows this valving arrangement.

12. The direct-fired gas state water heater was adjusted to increase its firing rate from 450,000
Btu/hr to 500,000 Btu/hr.

13. Anti-scald flow-restricting shower heads (2.75 gpm) were installed in the 15 showers in the
building. During installation, the absence of zoned water shut-off valves caused some difficulty. To keep
the building operational during shower retrofit, existing shower valves were left in the piping (handles
removed) and mixing valves were installed downstream. See Figures 14 and 15.

14. The DHW temperature setting was turned down from 180 OF to 160 OF.

15. At various times throughout the investigation, zone 3 experienced both underheating and
overheating. Figure 16 illustrates the zone 3 floor plan. This zone consists of three different subzones:
(1) the classroom area, men's room and medical treatment room, with perimeter heat controlled by a single
thermostat on the north wall, (2) the ladies' room with perimeter hydronic heat controlled by a separate
thermostat in the ladies' room, and (3) the first-aid waiting and sick bay area with no perimeter heating.
This area is heated by a steam unit heater with its own thermostat.

In one case, underheating in the classroom area was caused by the combination of an incorrectly
set thermostat (which was set near 50 OF rather than 68 OF), a closed steam valve that prevented steam
from servicing the zone heat exchanger, and a broken electric control wire to the modulating steam valve.
This underheating was corrected by repairing these problem areas. Another case of underheating was also
caused by an incorrectly set thermostat. The thermostat in the ladies' room was turned completely down
and occupants were unaware of its existence. This problem was corrected by resetting the thermostat.

A third case of underheating was caused by a broken thermostat control on the fan of the steam
space heater. The fan ran continuously, even during the off cycle of the steam flow to the coil. This
caused circulation of cool air and increased occupant discomfort. The thermal switch on the condensate
return was modified so that the fan would only operate when the coil was at setpoint.

Overheating in zone 3 was caused by high aquastat settings and valving which bypassed the
thermostat's control capabilities. The thermostat in the classroom was turned down and a complaint call
was made. To provide heat, the maintenance person opened the by-pass valve from zone 2 to zone 3
(Figure 17). With valve 11 open and valve 6 closed, the zone 2 pump supplies all the water to zone 2
and zone 3. The water returns from these zones through the hot water converters and is mixed before re-
entering the zone 2 pump. The hot water converter on zone 2 is set up for reset control, and for zone 3,
it is set at a constant temperature of 195 OF. Therefore, the 195 OF water is mixing with the return of the
zone 2 water which makes the zone 2 water too hot.

14



With this arrangement two anomalies occur: zone 2 overheats because supply water temperatures
are too high, and zone 3 overheats because the flow to that zone is continuous. It would normally be
cycle controlled by the thermostat. To correct these problems the valving was changed to the original
settings and the heating water aquastat was adjusted from 195 IF to 160 OF. The valve handles were
removed on valves 11 and 6 to prevent the maintenance people from easily opening these valves as part
of a "quick fix" solution. Associated valves were labeled.

16. At times during the investigation, a combination of underheating and overheating occurred in
the barracks wing. A call for heat in some rooms prompted an adjustment of the reset controls to provide
higher temperature heating water. Upon inspection of the cold rooms, various causes were revealed
concerning occupants' lack of awareness and education. Suggestions were made on fumiture placement,
bedding, and clothing adjustments to improve comfort. When the hot water heating system was found
to be airbound, the piping was bled of air with manual valves on the radiators. In all these cases controls
were reset to their original settings.

Table 1

Material List. Reset Control and Steam Valve

Honeywell
Qty Part Number Description

2 LP914AI011 Sensor
2 LP914A1052 Sensor
2 MP953C1083 Actuator
2 RP920B 1049 Pneumatic Controller
2 V501IC1391 2-Way Steam Valve
2 305929 -40 to 160 *F Gauge
2 305931 40 to 240 'F Gauge
2 305965 0 to 30 PSI Gauge

Table 2

Control Settings at Building 811

Zones

East Side West Side South Side

WI=94 WI=80 T=160

Ac=2.18 Ac=2.18
Wc=43 Wc=43
Xp=l I Xp=1
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Figure 6. West Zone Interior and Exterior Temperature Profiles.
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L-Shoped Borrocks / March 13-15. 1988
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Figure 8. East Zone Interior and Exterior Temperature Profiles.
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L-Shaped Barracks / March 13-15. 1988
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Figure 10. South Zone Interior and Exterior Temperature Profiles.
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Figure 11. South Zone Heating Hot Water Supply Temperature.
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5 DATA ANALYSIS

Data collected from this field test over the 1987-1988 heating season was reviewed to assess
improvement. Analysis results were encouraging. Improvements in interior temperature trends, control
capabilities, system part-load efficiencies, and heating and DHW loads resulted in substantial fuel savings.

Enhanced Controls/Improved Interior Temperature Trends

The standard L-shaped barracks design at Fort Carson provides heating with hot water at a fixed
setpoint, usually near 200 OF, regardless of the thermal load (differential indoor/outdoor temperature) on
the building. The resultant overheating requires occupants to open windows for comfort in all but the
coldest weather. Initial retrofit efforts to reset control on the heating hot water in the L-shaped barracks
yielded limited success. Several factors hampered these efforts:

" the oversized steam valves on the hot water converters (causing on/off rather than modulating

control)

"* the complexity of the controllers (making adjustments difficult)

"* and the lack of coordination and education of the service staff.

During the improved operations period, interior temperatures in the test building were brought into
the comfort range. This was accomplished through (1) new, properly adjusted heating controls that reset
heating water temperatures as outdoor temperatures change; (2) appropriately sized steam valves on the
hot water converters which allow modulated steam control, yielding fewer temperature excursions on
heating hot water and room temperatures; and (3) diligent data monitoring and collaboration with site
service staff.

Figure 18 shows a dramatic example of the enhanced control capabilities during the improved opera-
tions period. The hot water reset schedule (heating hot water supply temperature versus outside air
temperature) with the new set of reset controllers and new steam valves is significantly lower in tempera-
ture, more shallow in slope, and tighter in throttling range than the previous year's attempt at reset control.
This example is not representative of the entire heating season, however, since insufficient coordination
between USACERL and base personnel, before the on-site monitoring period, led to inappropriate and fre-
quent adjustment of control settings. In spite of these difficulties, reset control improvement was still
significant over the previous year's attempt.

Figure 19 shows typical temperature improvements obtained in the building. The improved
operations period, May 1987 through May 1988, shows temperatures averaging about 7 OF cooler in the
heating season (September through May) than the operations between May 1986 and May 1987.
Temperature reductions for the entire building averaged about 5 OF during this period.

Part-Load Efficiency

Based on the system load, heating system efficiency varies. At 100 percent load, the system is
operating at its maximum efficiency, while at less loaded conditions, the efficiency decreases until it
reaches 0 percent efficiency at no load. An improvement in a system's efficiency needs to be evaluated
over the operating range or part-load conditions of the system.
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Several system modifications during the improved operations period lead to increased part-load

efficiencies of the combined space heating and DHW heating system. These modifications included:

* installing a flue damper on the boiler to minimize off cycle losses

revalving the DHW heating system to isolate the domestic water heating function to the direct-
fired gas unit

• rewiring the boiler controls to produce steam for heating only during heating conditions

* tuning up the boiler, including adjusting the fuel/air ratio, to maximize steady state efficiency

"• repairing the leaks in the boiler

"• repairing failed steam traps to reduce venting of live steam.

Figure 20 shows the part-load data for the original and improved operations. The comparison of
part-load data was challenging since the original operations of the heating/DHW system did not clearly
show efficiency as a function of system load. The reason for this is not known. Improved operations did
show a strong, classical relationship of increased efficiency with increased load. For comparison, the
classical form of the part-load curve was superimposed on the original data. The curve fit is extremely
poor. With this qualification, the following conclusions were drawn. The improved operations curve is
both higher and less scattered than the original curve, yielding more consistent and, on average, more
efficient operation over the operating range of the system.

60 0•,
Etfcidency- 05 1269 * Load'0.24386 R'2 - 06668

C 13

E 300". 0 Improved

- * As Found

20.044 EftIc;ency- 0 46898 Load0 33045 P'2 - 0.043S/

').03•,

200,. 4000. 60.0% 80018 100.0,'l,

Load

Figure 20. Part-Load Efficiency Curves.
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Heating Load Reductions

Heating load reductions occurred because of reduced interior temperatures which caused occupants
to close the windows. The heating load reduction during the improved operations period was 1033
MBtu/yr or 50 percent of the previous year's load corrected for weather differences. (Complete data tables
are included in Tables 3 through 5.)

Domestic Hot Water Energy Savings

Savings in energy for DHW production occurred due to the installation of restricted flow shower
heads, which reduced the thermal load, and reduced water temperature settings (from 180 °F to 160 'F),
which decreased the standby losses. The DHW load reduction during the improved operations period was
86 MBtu/yr or 11.7 percent of the previous year's load. This estimate is conservative since the reduced
flow shower heads were only installed during 6.5 months of the 12-month comparison period.

System Efficiency

Overall annual system efficiency decreased a nominal 2 percent, from 40.6 to 38.5 percent.! This
2 percent is the net effect of decreasing system loads by 34 percent and increasing part-load efficiencies
by 5 to 7 percent. Anticipated system efficiency reductions, due only to decreased load, are on the order
of 10 percent (see Figure 20) which further substantiates the part-load improvements.

Table 3

Savings of Initial L-Shaped Barracks Retrofit Package,
Normalized to 1987-88 Heating Season

Energy Percent
Annual Energy Totals Savings Savings

Energy Type Bldg Bldg Bldg Mean 811t 811t
81 it 812t 813t Reft -vs- -vs-
MBtu MBtu MBtu MBtu Mean Mean

Reft Reft
MBtu MBtu

Gas: 6281.6 8734.7 7920.5 8327.6 2046.0 24.6%
Heating Total: 2055.4 2655.9 2434.5 2545.2 489.9 19.2%

DHW: 747.9 832.4 823.6 828.0 80.1 9.7%

t These data are from 1986-87, and have been normalized to the 1987-88 heating season.

Notes:
Building 811 = Test 86-87 is June 1986 - May 1987
Building 812 == Reference 87-88 is June 1987 - May 1988
Building 813 == Reference

I KBtu == l0A3 Btu 1986-87 HDD = 5968
i MBtu == lOA6 Btu 1987-88 HDD = 6095

"Efficiencies are calculated by I(heating total)+(DHW total)I/(gas total).
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Table 4

Incremental Savings of Improved Operations

Energy Percent
Annual Energy Tests Savings Savings

Energy Type Bldg Bldg 811 811
811t 811t -vs- -vs-
MBtu MBtu 811t 811t

MBtu MBtu

Gas: 4540.1 6281.6 1741.5 27.7%
Heating Total: 1022.5 2055.4 1032.9 50.3%

DHW: 646.3 732.3 86.0 11.7%

t These data are from 1986-87, and have been normalized to the 1987-88
heating season.

Notes:
Building 811 == Test 86-87 is June 1986 - May 1987
Building 812 == Reference 87-88 is June 1987 - May 1988
Building 813 = Reference

1 KBtu -= lOA3 Btu 1986-87 HDD = 5968
1 MBtu -- 10A6 Btu 1987-88 HDD = 6095

Table 5

Savings of Total L-Shaped Retrofit:
Initial Retrofit Plus Improved Operations

Energy Percent
Annual Energy Tests Savings Savings

Energy Type Bldg Bldg 811 811
811t 811t -vs- -vs-
MBtu MBtu 811t 81It

MBtu MBtu

Gas: 4540.1 8327.6 3787.5 45.5%
Heating Total: 1022.5 2545.2 1522.7 59.8%

DHW: 646.3 828.0 181.7 21.9%

t These data are from 1986-87, and have been normalized to the 1987-88
heating season.

Notes:
Building 811 = Test 86-87 is June 1986 - May 1987
Building 812 == Reference 87-88 is June 1987 - May 1988
Building 813 == Reference

I KBtu = 10A3 Btu 1986-87 HDD = 5968
1 MBtu = IOA6 Btu 1987-88 HDD = 6095
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Fuel Savings

Fuel savings during the improved operations period were significant. Gas consumption was reduced
by 1741 MBtu/yr, or 28 percent of the previous year's consumption, adjusted for weather conditions.

Return on Investment

The measured fuel savings of 1741 MBtu/yr corresponds to an annual dollar savings of $6094/yr,
if natural gas can be purchased at $3.5/MBtu. The initial investment for these improvements is estimated
at $19,150, yielding a simple payback period of 3 years. Over an assumed 15 year life of the building,
this investment would pay for itself 5 times. However, continued return on the investment requires
minimal upkeep of the mechanical equipment including:

* periodic boiler tune up,

"* elimination of air from the hydronic heating system,

" servicing of the air compressor which supports the controls (bleeding out excess water,
supplying oil when needed), and

"• repair of equipment as it fails (especially steam traps).

Continued return on the investment also assumes informed responses to heating calls and lack of vandal-
ism to any of the installed equipment.
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6 CONCLUSIONS AND RECOMMENDATIONS

Potential energy savings from improved building operations are high. In this test, fuel savings of
1741 MBtu/yr from improved operations (Table 4) nearly equalled fuel savings of 2046 MBtu/yr resulting
from the initial retrofit on an as-operated building (Table 3). The cost of improved operations is signifi-
cantly lower than the cost of envelope improvements, and improved operations are essential for envelope
improvements to achieve their full savings potential. The lessons learned in the L-shaped barracks are
not unique; neither is the level of building operations found at this test installation. There is vast
opportunity for fuel and dollar savings throughout the Army by recognizing the cost effectiveness of
routine mechanical upkeep and enhancements on outdated methods of heating control, and by educating
occupants and operators.

It is recommended that the improvements implemented in Building 811 be applied to other similarly
constructed and operated buildings and that the retrofits detailed in this document, or similar changes, be
used where appropriate. Because not all L-shaped barracks are exactly alike, detailed building inspections
should take place to verify original conditions.

Much of the opportunity for savings depends on adequate occupant and operator education and
coordination. To maximize savings, increase occupant comfort, and reduce service calls, it is recom-
mended that:

" job-specific training programs for building operators (e.g., troubleshooting guidelines and
operator testing) be investigated

" occupant education programs be expanded

" clothing, bedding, and furniture positioning be adjusted

" selected occupants be taught the heating control capabilities in these buildings, (e.g.,
thermostats in the south zone, radiator dampers which could be made operable, fan controls on
cooling coils, and air bleed valves on hydronic heating loops)

" an in-building log book of service calls, including reported problems and responses, be kept

" a designated controls staff, exclusively authorized to make adjustments to building controls, be
appointed

" air be permanently eliminated from the heating system by increasing the water pressure and
bleeding the piping (If air introduction continues to be a problem, the installation of automatic
air bleed valves on hydronic heating loops should be investigated.)

" radiator damper chains be repaired.

METRIC CONVERSION FACTORS

I Btu = 1055.87 J

*F = (*C + 17.78) x 1.8
1 gal = 3.78L
1 in. = 25.4 mm
1 lb = 0.453 kg

I psi = 6.89 kPa
I sqft = 0.093m 2
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APPENDIX:

Manufacturers' Specification Sheets
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Motors

M945A-D,F,G
Mod utrol Motors
Modulating, spring-return motors used to opeaiate dampers and valves.
Integral helical spring retumsllrmotor -5hIfrT6-naMI Wsltiofl~fuIl open or full
closed) on power interruption. Stroke: Fixed 90 or 160 degree. Timing: 30 or 60
30C. Voltage and Frequency: 24 V, 50/60 Hz. Maximum Operating Torque: 50
lb.-ln. [5.7 N-mJ (25 lb.-ln. (2.8 N-m] max. at auxiliary end). Ambient Temperature
Range: Minus 35 F to plus 130 F [minus 37 C to plus 54 C) at 25% duty cycle.
Crankshaft Double-ended, 3/8 In. [10 mmJ square, untapped. Approximate
Dimensions: 7-5/32 In. [182 mm] high. 5-5/S in. [143 mm] wide, 9-1/4 in. (235 mm]
deep. Listed by Underwriters Laboratories Inc.-M945C.D; Canadian Standards
Association cerlled-M945D.

ACCESSORIES:
See PARTS and ACCESSORIES, page 201.
AUXILIARY SWITCH RATINGS FOR M945C.D (A):

One spdt V3 switch-

ONECONTACTS 120V v 240 v
Full Load 7.2 3.6
Locked Rotor 43.2 21.6

a40 VA pilot duty, 120/240 Vac on opposite contact.

*TMODELINE model.

Power
can- Itra

Number W VA Circuit Peaheon J(fCj kwj* nld
*M945A1017 23 30.0 Yes Closed 160 60 ________
M945A1 082 23 30.0 yes closed 90 30 _________

M94581057 20 25.5 NO IClosed 160 630 _ ______
M94581065 20 .25.5 No Wii 90 30 _______

00940C1-015 20 25.5 Closed*l - TI W_ 2 sodt auxlllae sitchesm
M94SD1 006 23 30.0 Yres Closed 160 60 2 spdt auxiliary switches
M945F17W 00--~-V r-s open 160
M945G1 037 20 2. No 16 1 _______

aModels loes balance circuit are for use with electronic panels. reset systems, end R927C Balance Relay (with external 0161 Auxiliary Pot.).

M644A-E
Modutrol Motors
Reveirsing 2-positon motors used to operate valves and dampers.
M644 motors are used with series 60, 2-position controllers (spdt switching).
Crankshaft: 3/8 In. 110 mm] square, double-ended, untapped. Ambient
Temperature Range: Minus 40 F to plus 130 F [minus 40 C to Plus 54 C] at 25% duty
cycle. Approximate Dimensions: 7-5/32 In. (182 mml high, 5-5/8 In. (143 mml
wide, 7-7/16 In. [189 mm] deep. Uisted by Underwriters Laboratories Inc.-
M644AABDA- Canadian Standards Association certified-M644BKD,E.F.

continued next page
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Motors

Af644A-E continued
TORQUE:

Running away
Timing Torque Torques

811410 strko lb.-In. N-M hb-in. N.m
15 ec 0 sc: 75 8.5 150 I17.0

'The maximum torque available to overcome occasional large loads such as a seized damper or
valve. MOTOR NOT TO BE USED CONTINUOUSL.Y AT THIS RATING.

AUXIUARY SWITCH RATINGS (A):
One spdt V3 switch-M644D,E

ONE CONTACT11 120 V 24 OV
Full Load 7.2 3.6
Locked Rotor 43.2 21.6

a 40 VA pilot duty, 120/240 Vac on opposite contact.

See PARTS and ACCESSORIES, page 201.

*Tfl4DELINE modeL______ _________

Power Con-
order V~oltagedon Stroke

Nurnber (50/60 Nz) W VA TiMing (degree) include
*M644A1016 24 15 16.6 60 sec 160 ____________
M644A1 024 30____ 3sec 90 _ _________

M6448t049 120 ___ ___ 30 sec I60

M644C1006 24 15 16.6 15 or3sc Sol. 90or16 ___________

M644C1014a __________ 2 or 4minb Sol. goor 160 _________

M644010058 24 15 16.6 30 orO60secb Sol. 90or 160 12 spdt auxliary switches
M644E10128 24 15 161.6 so sac 90 1 1 s"d auxiliar switch

8Shipped in 90-degree position.
b~.hortetimin.g applies when 90-degre stroke is seetd

130810

Cover Mounted Transformer
40 VA transtornmr used to supply power to a 24-volt motor.
Replaces standard motor top cover on M744, M745, M845, M644, M941, MV944,
M945, M954, M955 (old series motors). Usted by Underwriters Laboratories Inc.;
Canadian Standards Association certified (when used with motor).

*TFL4DELINE model.

order
lNhmber PrIgnldy Volag

130810A 120 V. 0Hz
*1306108 120/2061240 V. 60 Hz

130810C 220 V,50 Hz
130810HE 24 V. 50/60 Hz

Sune with W936 Multizone Logic Punel.
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.. dorlrvtil ,.ac.,,o U r.L.UMI a UI r.nf vvll 1 I.l' h

Service P11g No. Part No. Size. Inch* Pressure. PSI
1-to-5-453 36-16193 3'.- 15*

TNERMOSTAT ASSEMSLY 1-to-5-454 36-16194 1 151

Ih "TEM 3 1 to--5458 36-1619e v/.
-TEM .O SA. A 1-tO-5-85 36-12594 1.

"SEA- ASSEAS5, -to-5-056 36-162C2 2 r 15,

I -oS-14SC I 36-1161-95 1.130*
I /-to-5-56C 3E-I"9-' 9 & 1', 30*

36-16202 t _ 0 _

5-05A-45 1 305-16! W 3. &6 e
1-tc.-5-856" 36-1629C 608

-,o.5-,8- 36-1620.d 60,

1'Y.-I 1-to-5-542 36-16197 1 & 125A
... GAS.E f 1-to-5-562 36-1620- 1 & 125

COvEP & GASKE- I-to-5-8582 36!62oIS ¶. I, 125

Service packages of comrplete cover assembly consists o'

ITEM 1 Ther-rosta" assembly ITEM 3 F-oat ball assembly floaw Dal! and sic

ITEM 2 FloaG leve, a'" valve asse 'D;N If;oa! _.,2C.-5,, round heac screw.

le ,er algn".n screw and aoc w3sw se • vaw ve D.-' ITEM 4 Cover gasKe "

and Cotter pin va!ve seat sea' yoke anc gasKe. ITEM 5 Cove, cas!rng and gasket

Item 2 Item 3 Item 4 Item S

Trap No. Part No Part No. Part No. Part No.

53F-FT 36-1547 j 35-11443 35-11441 36-16300

5AF-PT7 36-15477- 35-11450 35-11447 36-1630' ITEM 1 Thermosta* Assembly

56 c-FT I 3 E-1 0 35-11773 35 -1204 E 36- * 6305 15=-30-6C - 36-12589

57F-. [ 36-1548-A 35-1262? 35-2023C 36-1630C I I

58:=:" 36-15z8! 35-10992 35-20233 6, 1-

5 r7-T 36-'547S' j 35-1'457, 35-1144 j 36-1 E332

541- 36-55.:47& 3!14-I5C 35-!144- t 36-1633: NOTE,i ITEMS 3 and 4 Cu-er.* :0. "T "A*.
542:-FT 36- 15479 35- 1 1 -50 35-1144' 36-16304 " Tra:s

56:F-FT 1 36-15481 35-11773 35-12046 36-16306
56IFT 361542 5-177 3-1046 361607w~t "FT. "A". 'V". "M T'aps a-e Oa"-

562F-FT 36-15483 35-11773 35-12046 36-16308 solete Use I -to-5 Servce Pacxage as

580;-F'T 36-15486 35-10992 35-20233 36-16311 currently furnisned on "F&T" Traps

581F-FT 36-15487 35-10992 35-20233 36-16312

5822r-FT 36-15488 35-10992 35-20233 36-16313

DISCONTINUED MODEL 50 SERIES TRAP WITH
.'p-. 'Y THERMOSTAT AND SEAT INSTALLED IN COVER. ,

L. • CURRENT THERMOSTAT ASSEMBLY ITEM 1 WILL
FIT DISCONTINUED MODELS "T"ANDq~

__ IOFFP1AVu SERIES 90
ifLO/fT AIb THERMOSTrATIC TRAPS
MFODEgLu "cF"urFeT eT , "AMer

Figure courtesy of ITT" McDonnell & Miller. 32



Honeywell V5011A-E
Single Seated

Valves

GENERAL
V5011 single-seated, two-way, straight-through

valves provide proportional control of steam, liquids,
air, or other noncombustible gases in HVAC systems
requiring tight shutoff. They are available in bronze
bodies with screwed NPT end connections or cast iron
bodies with flanged end connections.

FEATURES
"* Direct or reverse acting.
"* Stainless steel stem with removable composition disc

and self-adjusting, spring-loaded Teflon packing.
"* Bronze, brass, or stainless steel plugs provide equal

percentage or linear flow characteristics.
"* High pressure models available (V501 ID or E).
"* Stainless steel, metal-to-metal seating available in

smaller valve sizes.
"* Suitable for pneumatic (1/2- to 6-inch valve) or elec- Trim Materials:

tric (1/2- to 4-inch valve) actuation with proper Stem: Stainless steel.
linkage. Packing: Teflon cone for 125 psi (860 kPa) flanged

and 150 psi (1034 kPa) screwed valves, all sizes.
Teflon V-ring for 250 psi (1725 kPa) valves, 1-1/2-

SPECIFICATIONS to 6-inch size.
Disc: Removable composition.

Models: Disc Holder:
See Table I. Screwed bodies-brass.

Flanged bodies-cast iron.
Flow Characteristics: Plug:

Equal Percentage or Linear. See Table I and Figure 1. Screwed bodies with composition disc-contoured
brass.

Dimensions: Screwed bodies with metal-to-metal seating-
See Table 4 and Figures 2 through 4. contoured stainless steel.

Flanged bodies-V-ported, skirt guided bronze.
Close-off Ratings: Seat:

See Table 5 and Figure 8. Screwed bodies-brass (replaceable, screwed into
body).

Valvi Ratings: Screwed bodies, metal-to-metal-stainless steel
See Table 2. (recommend replacing valve).

Flanged bodies-bronze (replaceable, screwed into
Controlled Mediums and Temperatures: body).

See Table 3.
Valve Actuators:

Stem Travel: The V501 1 valves require either MP953 actuators or
1/2- to 3-in. valves: 3/4-in. (19 mm). electric/electronic Modutrol motors as listed in Table
4-, 5-, and 6-in. valves: 1-I/2-in. (38 mm). 6. Refer to Fig. 5, 6, and 7 for actuator dimensions.

F.-. ,,, 7 7-53 15
Rev. 10-84 Copyright 00 1984 Honeywell Inc. C . 7.5d1 5OU

MLF TAB: II. D. 2
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Accessories: When Ordering, Specify:
Packing Conversion Kits (for converting to high pres- I. Model number, size, and direct or reverse acting.
sure applications): 2. Accessories.

14002920-001 Rubber V-ring for 1/2-to 1-1/4-inch 3. Actuator and linkage (refer to Valve/Actuator
valves (1/4-inch diameter stem). Selection, Table 6).

14002920-002 Teflon V-ring for 1-1/2- to 3-inch
valves (3/8-inch diameter stem).

Table I. V5011 Model Descriptions and Body Specifications.

Model Number Body Capacity Nominal Body Rating

and Plug End Size in Index Pressure Temperature
Characteristic Action Ax Connections Inches (Cv) psi (kPa) F (C)

V5011A Equal Direct Screwed 1/2 0.4,0.63, 1.0, 150(1034) 366(186)
Percentage and 1.6, 2.5, 4.0 or or
VS01IC Linear 3/4 6.3 200(1379) 150(66)

1 10.0
1-1/4 16
1-1/2 25
2 40
2-1/2 63
3 100

V5011A Equal Direct Flanged 2-1/2, or 3 63; 2-1/2 in. 125(860) 353 (178)
Percentage 100; 3 in. or or

175(1207) 150(66)
V5011 D Equal 250(1725) 400(204)
Percentage or or

400(2758) 150(66)
V5011A Equal Direct Flanged 4, 5, or 6 160; 4 in. 125(860) 353 (178)
Percentage or or
V501 lB Equal Reverse 250; 5 in. 175 (1207) 150(66)
Percentage
V501ID Equal Direct 360; 6in. 250(1725) 400(204)
Percentage or or
VS011E Equal Reverse 400(275) 150(66)
Percentage

,/ Direct: stem down to close.
Reverse: stem up to close.

90O-

70- E UL % jf/

70 CONTOUREO DSPLUG__-. •"R PLG--- MODIFIED
Z< Go- ý, LINEAR -

•3 /, ' ' P L U GI

40

30.

10-

0.
0 10 20 30 40 50 60 70 80 90 100

FLOW-PERCENT OF MAXIMUM
5630

Fig. 1. VS011 Average Flow Characteristics.

77-5315 2
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Table 2. Valve Ratings. A
Body Screwed, cast-bronze

150 psi at 366F max. (1034 kPa at 185C).
200 psi at 150F max. water (1379 k Pa at 66C). ,

Flanged, cast iron
125 psi at 353F max. (860 kPa at 178C) or 175 psi at 15OF max. (1207 kPa at 66C).
250 psi at 400F max. (1725 kPa at 204C) or 400 psi at 15OF max. (2758 kPa at 66C).

Max. Pressure Composition Water Proportional, 25 psi (170 kPa)
Differential for Discs
Normal Life of 2-Position, 50 psi (345 k Pa)
Trim Steam Proportional, 35 psi (240 kPa)

(A, B, & C)
only) 2-Position, 70 psi (480 kPa)

Metal-to- Steam 100 psi (690 kPa)
Metal Seats only

Max. Pressure 20 psi (140 kPa)
Differential for
Quiet Water
Service

Max. Pressure Refer to Fig. 8 and Table 5.
Differential
for Close-Off

Teflon Cone Water & 150 psi at 250F max. (1034 kPa at 121C); 40F min. (4C)
Packing
(V501IA & C) Steam 100 psi at 337F max. (680 kPa at 169C)

Teflon V-ring Water 250 psi at 250F max. (1725 kPa at 121C); 40F (4C)
Packing, 3/8-in.
Stem
(V501ID & E and
14002920-002 Kit)

Rubber V-ring Water
Packing, 1/4-in.
Stem
(14002920-001 Kit)

A For high fluid temperatures, the valve and/or piping should be insulated to prevent ambient temperatures from
exceeding ratings at the actuator location.

/, Maximum temperature differential in alternate hot-cold water use, 140F (60C).

A Modified with high pressure packing kit.

Table 3. Recommended Controlled Mediums and Temperatures.

Recommended Temperature Range
Model End Controlled F (C)

Number Connections Medium (Composition Disc)

Water 35 to 200 (2 to 99)
V501IA& D Screwed Water 115 to 275 (46to 135)

Flanged Water 35 to 275 (2 to 135)

V5OI IB Ranged Water 35 to 275 (2 to 135)
V501 IC* Screwed Steam 115 to 275 (46 to 135)

275 to 425 (135 to 218)

V5011D Flanged Water 35 to 275 (2 to 135)

V5O1 IE FRanged Water 35 to 275 (2 to 135)

*Metal-to-metal seats available in 1/2 to 1-1/2 inch valve sizes.

3 77-5315
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Table 4. VSOI I A-E Approximate Dimensions in Inches (Millimeters). Refer to Figures 2, 3, and 4.

Body Style Valve No. of
and Figure Size Flange
Reference (in.) A B C D E F G Roll Holes

V501IIA &C 1/2 1-3/4(44) 1-3/4() 3-3/8(86) - 1-13/16(46) 1-5/8(41) 4-3/4 -

Screwed. 3/4 1-5/8(41) 1-3/4(4 3-1/2(89) - 1-13/16(46) 1-5/8(41) 4-3/4 -

Direct Body 1 1-3/4(44) 1-5/8(41) 4-3/8(111) - 1-15/16 (49) 1-3/4(44) 4-7/8 -

(Fig. 2) 1-1/4 1-15/16 (49) 1-1/2(38) 5(126) - 2-9/16(65) 1-15/16(49) 5-1/16 -
1-1/2 2-3/4(70) 1-3/8(35) 5-3/4(146) - 3-9/16(90) 2-11/16(68) 5-3/16 -

2 3(76) 2(51) 5-3/4(146) - 3-9/16(84) 2-5/16(58) 5-17/16 -

2-1/2 2-9/16(65) 2-3/8(60) 7-1/2(194) - 4-3/8(104) 3-1/16(77) 5-11/16 -

3 3(76) 2-3/8(60) 8-7/8(226) - 4-15/16 (125). 3-5/8(92) 6-1/8 -

V501IIA 2-1/2 4-13/16 (122) 4(102) 9-1/2(241) 7(178) 2-1/2(19) 3/4(63) 5-1/2(140) 4
Flanged. 3 5-3/8(136) 4-5/8(117) 11t279) 7-1/2(190) 3(76) 3/4(19) 6(152) 4
Direct Body 4 7-9/16 (192) 5-3/16 (132) 13(330) 9(229) 4(102) 3/4(19) 7-1/2(190) 8
(Fig. 2) 5 7(178) 6-1/8(155) 15(381) 10(254) 5(127) 7/8(22) 8-1/2(215) 8

6 8(203) 7-1/16 (179) 16-1/2 (419) 11(279) 6(152) 7/8(22) 9-1/2(241) 8

V501I1B 4 4-11/16 (119) 8-1/16 (205) 13(330) 9(229) 4(102) 3/4(19) 7-1/2(190) 8
Flanged, 5 5-5/8(143) 7-1/2(190) 15 (381) 10(254) 5(127) 7/8(22) 8-1/2(215) 8
Reverse Body 6 6-9/16(167) 8-1/2(216) 16-1/2 (419) 11(279) 6(152) 7/8(22) 9-1/2(241) 8
(Fig. 3)11

V501IID 2-1/2 4-13/16 (122) 3-3/4(95) 11-1/2 (292) 7-1/2(178) 2-1/2(63) 7/8(22) 5-7/8(149) 8

Flanged, 3 5-3/8(136) 4-1/4(108) 12-1/2 (317) 8-1/4(209) 3(76) 6-5/8(168) 8
Direct Body 4 7-9/16 (192) 5(127) 14-1/2 (368) 10(254) 4(102) 7-7/8(200) 8
(Fig. 3) 5 7(178) 5-1/2(140) 16-3/4 (425) 11(279) 5(127) 9-1/4(235) 8

6 8(203) 6-1/4(159) 18-5/8 (473) 12-1/2 (318) 6(152) 7/8(22) 10-5/8 (270) 12

V501IIE 4 4-3/4(120) 7-5/16 (186) 14-1/2 (368) 10(254) 4(102) 7/8(22) 7-7/8(200) 8
Flanged. 5 5-3/4(146) 6-3/4 (11) 16-3/4 (425) 11(279) 5 (127) 9-1/4(235) 8

Reverse Body 6 6-11/16 (1701 0 ~00) 18-5/8 (473) 12-1/2 (318) 6(152) 7/8(22) 10-5/8 (270) 12
(Fig. 4)

G

A 0

Diesin (Refe toTbl0)

~~~Fig. 24 V501 I B and E FlangedrctAcin Body Diesin

Dimenions(Refer to Table 4).

A

A SEE TABLE MOR ACTUAL NUMBER OF BOLT HOLES564

Fig. 3. V501 I A and D Flanged Body Dimensions
(Refer to Table 4).

77-5315 4
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I MIIMUMCLEAANCE4 (10).MINIMUM CLEARANCE 4(100)

KNOCKOUTS FOR
1/2 IN. CONDUIT0

000
Fi.7 pprxmt"iesoso 68Lnaewt

' Modutrol Motor in Inches)(Milmees. Nt: oo

Fig 5.g Aproimt Dimensionse inesin Inhe (Millimeters)it

of Typical Electric/Electronic Actuator with Q601
Linkage (M644 Shown). Table 5. Close-Off Ratings for V501I IA-E with Electric

Actuators.

Close-Off Ratings
N AREST psi (kP2)

OOSTRUCTION POIINRNEAREST Uinkage Seal-Off F'orce

ON MOSS3E ONLT 08S5370741V 160 lb 80 lb Rodi Size
W953F or II Model Number (711 N) (356 N) in Cnche

nections 1.0 1/2
I 4P5F 1.6

MP953' 0/ 2.5

1 12 (222) 4.0 ____
As jM79530o

MP953C 5.4150(1034) 122(840) 6.3 3/4
141150(1034) 106(731) 10.0 1

141 (970) 60(414) 16.0 1-1/4

lil~A-.J91 (627) 39(269) 25.0 1-1/2
(10ll 55 (379) 220152) 40.0 2

MP9S53CE M9953O.F 32(221) 12 (83) 63.0 2-1/2
_______________________________________200138) 8 (55) 100.0 3

OPERATOR SIZE50 v lA & D 26(179) 10 (69) 63.0 2-1/2
NOMINAL 0IA z ~ A A AFlanged 20(138) 7 (48) 100.0 3

S-INCH 5-I/8 1130) 9.1/. 1235) ..5/811)') 4-3/8(111) 10 (69) - 160.0 4

11-INCII 8.1/4 I 1210 1 ./0(203)] 6-1/3211651 5-3/8(137) 6 (41) - 250.0 5

13-ICH 13.1/(2343) 7171-8.17601 1ri0125-1 7.11/16095R) 4 (28) - 360.0 6

V501IIIB&E 10 (69) - 160.0 4

Fig. 6. MP953C to F Dimensions in Inches (Millimeters). Flanged 6 (41) - 250.0 5

1 4 (28) - 360.0 16

A160(b-Q618A (1601b model); Q60ID, E, J, K; Q4SSB. C, D.

A80lb-Q618A (80lb model); Q6OIF. G, H, L, M; Q455A, E. F, G.

5 77-5315
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Table 6. V5011 Valve/Actuator Selection.

& Electric Actuators & Electronic Actuator

Two-Position Two.
A or Floating Position Proportional Proportional Proportional Proportional

Size Pneumatic Non-Spring Spring Non-Spring Spring Non-Spring Spring
Valve (Inches) C, Actuators Return Return Return Return Return Return

V501IA I/2NPT .63, 1.0,1.6, AI. CI A2. C2 BI. DI EorF Horl JL. orT M.N. or U QorR I
2.5. 4.0

3/4 6.3
I 10
1-1/4 16
1-1/2 25
2 40 AICI
2-1/2 63
3 NPT t00 A2, C2 BI. DI EorF Horl J,LorT MNorU QorR S

2-1/2 FLG 63 A2. C2 BI, DI E Horl J, LorT M, NorU QorR S
3 100 A2, C2 BI, DI E Hor1 1. LorT M, NorU QorR S
4 160 A3, C3 F K
5 250 1 F " K
6 FLG 360 A3. C3 F * K *_ _

V501IB 4 FLG 160 A3. C3 F * K
5 1 250 | F " K

6 FLC• 360 A3. C3 F " K

V5OI 1C 1/2 NPT 40.63.1.0, AI,CI A2, C2 BI, DI E Hor J, LorT M. NorU QorR S
1.6,2.5.4.0

3/4 6.3
110

1-1/4 16
1-1/2 25
2 40 AICI
2-1/2 63
3 NPT 100 A2, C2 BI, DI E Horl J, LorT MNorU QorR S

VSOIID 2-1/2FLG 63 A2. C2 BI. DI E HorI J, LorT M. NorU QorR
3 00 A2, C2 BI, DI E HorI J, LorT M. NorU QorR S
4 160 A3 C3 F * K
5 250 ( F K
6 FLG 360 A3. C3 F * K

V5011E 4 FLO 160 A3, C3 F K

5 250 1 F * K
6 FLG 360 A3. C3 F * K

*Not recommended for tight close-off. Use pneumatic actuator.

NOTES:

A The MP953C-F are rolling type diaphragm actuators which provide proportional control of V5011 valves.

A I--MP953E D.A. 5 in. dia. with posilioner. Letter Use Motor ,ith Linkage
A2-MP953E DA. 8 in. dia. with positioner. Designation Similar to:
A3--MP953E D.A. 13 in. dia. with positioner.

BI -MP953F R.A. 7-1/8 in. dia. with positioner. E M644A Q618AI024

CI-,MP953C D.A. 5 in. dia. without positioner. F M644C Q601E 1000
C2-MP953C D.A. 8 in. dia. without positioner. H M845A Q618AI032
C3-%MP953C D.A, 13 in. dia. without positioner. I M845E Q618AI032

DI-NIP953D R.A. 7-1/8 in. dia. without positioner. I M944A Q618A1024

A K M944C Q601E 1000
Example Linkages: L M934A Q618A:032
Q601 E (I - 160 Ib seal-off force. M M945A Q618A 1032
Q618A 1024- 160 lb seal-off force.

Q618AI032- 801b seal-off force. N M945F Q618AI032
Q M734H. J Q618A1032
R M%744A Q618A 1024

S M%745A-F Q618A:032
T M954A. D Q618A 024
U M95 %A. C Q618A 1032

7 77-5315
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TYPICAL OPERATION

In a normally open valve assembly application (direct

acting valve with a direct acting pneumatic actuator), an

increase in branch line pressure from a sensor or control-
ler moves the valve stem toward the closed position.

IN *IN*

In a normally closed valve assembly (reverse acting

valve with a direct acting pneumatic actuator), an

increase in branch line pressure moves the valve stem DIRECT ACTING REVERSE ACTING

toward the open position.
Fig. 9. Typical Operation.

Honeywell
In the USA: Honeywell Plaza. Minneapolis, Minnesota 55408

In Canada: Scarborough, Ontario
Subsidiaries and Affiliates Around the World

Printed In USA

Figure courtesy of Honeywell, Inc. 40



Honeywell MP953C-F
Pneumatic Actuators

for V5011 & V5013
Valves

U.W
MP953C

MP953E

GENERAL MP953 Pneumatic Actuators operate V5011 and V5013 Valves to
provide proportional control of steam or hot and cold liquids of HVAC
systems.

FEATURES • Rolling diaphragm for long life and low hysteresis
* Easily attached to valve
• May be installed after piping valve
* Slide lock feature permits simple engagement to valve stem
, Direct- or reverse-action control
- Models available with positive positioning relay

Copyright 0 1987 Honeywell Inc.
All Rights Reserved 77-3001
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MP953C-F Pneumatic Actuators
DESCRIPTION Dimensions:

The MP953 Pneumatic Actuators operate V5011 and
V5013 Valves to provide proportional control of steam or o6S•,CoO NEARESTPost, TIONIER OBS• T RUCTIONI

hot and cold liquids of HVAC systems. ON P3E ON PITONER ON "

4--1/8

SPECIFICATIONS
Models: 2

See Table below 3

MPS530

Maximum Diaphragm Temperature: I,
160F (71C) standard
250F (121C) high-temperature model (MP953D only) - ,., .

.P953C. E MP953O. F
Maximum Safe Operating Pressure: ______. ___M____0. __

25 psi (172 kPa) OPER ATOR

Accessories: 4.5C/ : ., ,:o ,./,:3, ,.117,),, ,.3/6:1 ,1
Position Indicator for: l3..,C 13 1/2 (3431 18-1/814601 10(2"541 71116 11)95

5-inch (127 mm) dia: 316028A
7-inch (178 mm) dia: 316035A
8-inch (203 mm) dia: 316037A MP953A APPROXIMATE DIMENSIONS IN INCHES

13-inch (330 mm) dia: 316036A (MILLIMETERS)
Valve Bonnet Extension Kit: 14000501-001

(separates actuator 2-1/2 inches [64 mm] from valve
for high-temperature applications)

Corrosion-Resistant Spray: CCT 3858

MP953C, D, E, and F

Diaphragm Effective Area
Dia. in or Diaphragm Operating

Positive Inches in Square Stroke in Range in
Model Action Positioner '4 (mm) Inches Inches (mm) psi (kPa)
MP953C Direct No 5(130) 11 1/2 (12) or 3/4 (19) 2 to 7 (12 to 50) or

8(203) 33 3/4 (19) or 1-1/2 (38) 4 to 11 (30 to 75) or

13 (330) 99 1-1/2 (38) 8 to 12 (55 to 85)
4 to 11 (30 to 75) or
2 to 7 (12 to 50)

MP953D Reverse No 7(180) 21.6 1/2 (12) or 3/4 (19) 3 to 7 (20 to 50) or
4 to 11 (30 to 75) or
8 to 13 (55 to 90)

MP953E Direct Yes 5(130) 11 3/4(19) 1
8(203) 33 3/4 (19) or 1-1/2 (38) A (0, 3,5, or 10(20, 35, or 70)

13 (330) 99 1-1/2 (38)
MP953F Reverse Yes 7(180) 21.6 3/4 (19) Same as MP953E

A Start point is adjustable from 1-1/2 (10) to 13 psi (90 kPa) in 1/4 psi (1-1/2 kPa) increments.
T106

Honeywell

In the USA: Honwl Plaza. MinneaDoNs. Mirvesota 55408
In Canada: Scad*rOugh. Ontano MIP 2V9

77-300 1 SLO95dlar"e and Affiliates Around the World
Commercial Bldg Group Printed i USA
MLF TAB: II. C. 7. Rev. 1-87
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Honeywell RP920A-D
Modular Pneumatic

Controller

GENERAL The RP920 Modular Pneumatic Controllers, in conjunction with
remote sensors, provide proportional or proportional plus integral
control of temperature, humidity, pressure, or dewpoint in heating
and air-conditioning systems.

FEATURES - Proportional plus integral control minimizes offset.
" Miniature diaphragm technology provides high degree of

accuracy and reliability.
"* Field adjustable compensation start point.
"* Local or remote setpoint field optional.
"* Integral action cut-off provides trouble-free automatic startup.
"• Transparent cover (optional) provides protection while allowing

easy reading of settings and gages.
"* Corrosion resistant construction.

Copyright @ 1985 Honeywell Inc. 74-5576
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RP920A-D Modular Pneumatic Controller

DESCRIPTION Main Air Supply:
18 psi (125 kPa) minimum.

The RP920 Modular Pneumatic Controllers, in con- Maximum Safe Air Pressure:

junction with remote sensors, provide proportional or 30 psi (200 kPa).

proportional plus integral control of temperature, Input Signals:
humidity, pressure, or dewpoint in heating and air- 3 to 15 psi (21 to 104 kPa).
conditioning systems. Output Signal:

3 to 13 psi (21 to 91 kPa).

Air Consumption:
SPECI FICATIONS Add sensor consumption for total. Values valid for 18

psi MLP and 8.5 psi BLP (125 kPa MLP and 58

Models: 
kPa BLP).

RP920A and C: 0.021 scfm (10.0 mt/s).
E RP920A: Single Input Proportional Controller. RP920B and D: 0.046 scfm (21.7 mR/s).

--ý] RP920B: Dual Input Proportional Controller. Normal Sensor: 0.019 scfm (9.0 mt/s) depending on
El RP920C: Single Input Proportional plus Integral sensor selected.

Controller.
Z RP920D: Dual Input Proportional plus Integral Con- Air Capacity:

troller. 0.07 scfm (33.0 mf /s) with I psi (6.9 kPa) pressure dif-

All models available Direct or Reverse Acting. ference and 18 psi (124.1 kPa) MLP.

All models available with Control Point Adjustment Proportional Band:
(CPA). 2.5 to 50%7o, field adjustable.

Authority (RP920B and 0 only):
Dimensions: 5 to 300% of primary sensor span.

See Figure 1. Compensation Start Point (RP920B and 0 Only):

0 to 100%0 of compensation sensor span.

Control Point Adjustment (Orderable Option):
+ 1507o of primary sensor span with 3 to 15 psi (20 to

3 (71 MINIMUM CLEARANCE 100 kPa) input.

Remote Setpoint (Field Option):
0 to 100% of primary sensor span with 3 to 15 psi (20
to 100 kPa) input.

Integral Reset Time:
0.5 to 20 minutes, field adjustable.S-7/11

Ambient Temperature:
40 to 130 F (5 to 55 C).

Accessories:
I . Barb fitting 14003755-001 for port 4, 6, 7, or 8 if

connection required.
(4,) -- wrCOVER 2. Gages.

Aps APM . . D3-1/40(31
A2oA RPS2O6, c. HouT COVEa 3. Remote setpoint device, SP970 or equivalent.

4. Cover RP920A: 43188057-001.
Fig. I. RP920 Dimensions in Inches (Millimeters). 5. Cover RP920B, C, D: 43188123-001.

6. Static Pressure Setpoint Scales 14004267-002.
(Commonly used scales for temperature,

Air Connections: dewpoint, and relative humidity are included with
Combination 5/32-inch (4 mm) and 1/4-inch (6 mm) the RP920).
push-on barb. 7. Rail Mounting Bag Assembly 14004322-001 (25

sets per bag assembly).

Honeywell
74-5576In the USA Hnevwe Plate, M.nne.polo, . Mr .neso.a S5408

in C anada Srborough, Ontao MIP 2V9 .. 6"65
Corerwcia Bldg GroJo Suibs.d6ar s &nd Alfrhates Aro•snd the World

MLF TAB: II C 6
Ptnted . USA
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Honeywell LP91 4A and LP91 5A
Pneumatic

Temperature Sensors

LP914 LP915

GENERAL The LP914A and LP915A Sensors are proportional-type tem-
perature sensors used with a pneumatic receiver controller for con-
trol of pneumatic valves and damper actuators in fanroom
applications. The LP915A is a duct-mounted, liquid-filled, averag-
ing type sensor. The rod and tube insertion element of the LP914A
can be duct-, well-, or through-the-wall mounted.

FEATURES • May be used with a calibrated gage for continuous temperature
indication.

Copyright © 1985 Honeywell Inc. 77-9268
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LP914A and LP91 5A Temperature Sensors

DESCRIPTION Finish:
Gray styrene plastic cover, nonremovable, for

The LP914A and LP915A Sensors are proportional- LP914A; brass forging for LP915A.

type temperature sensors used with a pneumatic receiver Accessories Available:

controller for control of pneumatic valves and damper Wells for LP914A only:

actuators in fanroom applications. The LP915A is a Copper: A Dimension:

duct-mounted, liquid-filled, averaging type sensor. The 315046A 15-3/18 (385 mm)

rod and tube insertion element of the LP914A can be 315046B 7-3/8(187 mm)

duct-, well-, or through-the-wall mounted. Stainless Steel: A Dimension:
315904A 15-5/16 (389 mm)
315904B 7-5/16 (186 mm)

SPECIFICATIONS Averaging element clip 314439 for LP915A.

Models:
E LP914A: Insertion element, direct acting.
I LP915A: Averaging element, direct acting. JM

Sefising Range: -- --

Nonadjustable. 2q

LP914A LP915A tS
2t(5) M2) (178 OR 301)

-40to + 160F(-40to +T7C) 0to 200F (64) I,,,
+40to +24OF( +Sto +lI5C) (-18to +93C)
-20to +80F(-29to +27C) 25to 125F Fig. i. LP914A Approximate Dimensions in Inches
+ 25 to + 125F ( -4 to + 56C) (-I to 54C) (Millimeters).

Maximum Safe Temperature at the Element: 3
LP914A: 265F (228.3C) T] 8

LP915A: 225F (I 18.2C) i IN GASKE(2)(6) I

Supply Ai PTessure: 2 '

18 psi (124 kPa) nominal for both LP914A and (77)

LP915A. 1
Maximum Safe Air Pressure: A16

25 psi (172 kPa) for both LP914A and LP915A. (Wo) G. _ -

Pressure Output:
3 to 15 psi (21 to 103 kPa).

Air Consumption:
0.019 scfm (9.0 m9/s).

Air Connections: - -6 --

Push-on combination barb connector for 5/32 in.
(4 mm) and 1/4 in. (6 mm) O.D. tubing.

Mounting: Fig. 2. LP915A Approximate Dimensions in Inches

Duct-mounted, LP914A and LP915A. (Millimeters).
Well-mounted, LP914A.
Through-the-wall mounted (up to 12 in. [304.8 mm] A--

thick), LP914A.
Element (Type and Size): - . 2

LP914A : Rod and tube, 6 in. (152.4 m m ) and 15 in. /-,,N I--- ,o

(381 mm) lengths for water and air. (25)

LP915A: Liquid filled, 8 ft 8 in. (2.6 m) or 20 ft
(6.1 m) averaging.

Dimensions: Fig. 3. Nominal Dimensions in Inches (Millimeters) of
See Figures I and 2. LP9I4A Wells.

Honeywell
I, the USA Honoywell Plata &&lnneave s Mirsnnota 55408

In Cn.nada Seafboouqh Ontatto MIP 2V9

77-9268 snu,,d .. e. and A111,,e. Around the Wo,,d
Comrhercral Bdg Group Rtv BBS
MLF TAB II C 8 P,,ntedn USA
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Honeywell Pneumatic
Indication, Receiver
& Target Gages

GENERAL Pneumatic gages provide continuous indication in a
pneumatic control system. They are flush or stem mounted in
the factory or field. The three gage types are applied as fol-
lows:

Indication gages indicate pneumatic system pressures such
as main air, branch line, or compressor tank.

Receiver gages indicate sensor line values. These may be
either the 3 to 15 psi (21 to 103 kPa) signal or its analog equiva-
lent.

Target Gages indicate pneumatic control system status such
as Day-Night, Summer-Winter, or Closed-Modulating-Open.

FEATURES: High accuracy and dependability.
Easily calibrated from the front.
Scaleplates replaceable for 2-1/2 and 3-1/2 inch Receiver
Gages.

Copyright @ 1984 Honeywell Inc. 77-6091
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Pneumatic Indication, Receiver, and Target Gages

DESCRIPTION Accuracy:
Indication gages: ± 2% of scale range at 9 psi.

Pneumatic Indication, Receiver, and Target Gages are Receiver gages:
accurate instruments providing continuous indication in -001 suffix,.± 2706 of scale range at 9 psi.
a pneumatic control system. The gages are factory or -101 suffix, ± 1074 of scale range at 9 psi.
field mounted. -201 suffix, ± 1/4076 of scale range at 9 psi.

Mounting:

SPECIFICATIONS Flush mounted in panel up to 7/16 in. (11 mm) thick.

Air Connection:
ALL GAGES See Figure 2.

Pressure Range: Replacement Crystal:
Indication gages: See Table 2. 1-1/2 inch dial-Not available.
Receiver gages: 3 to 15 psi (21 to 103 kPa). 2-1/2 inch dial- 14505882-001.

3-1/2 inch dial-14505883-001.
Maximum Safe Pressure:

Indication gages: See Table 2.
Receiver gages: 25 psi (175 kPa).

I.NPT

Dimensions: ARCNETO

See Figures I and 2 and Table I.
-A

STEM-MOUNTED GAGES

Models:
Indication Gages: See Table 2.
Receiver Gages: l-1/2 inch dial see Table 3 for ranges

and model numbers.
Fig. 1. Stem-Mounted Gage Approximate Dimensions.

Accuracy: Refer to Table 1.
± 2074 of scale range.

Mounting:
Back-connected stem. A -_ C

Air Connection:
See Figure I.

Replacement Crystal:
1- 1/2 inch dial-Not available.
2 inch dial-Not available.
2-1/2 inch dial-802774. BARBED FITTING
3-1/2 inch dial-802775. Fig. 2. Flush-Mounted Gage Approximate Dimensions.

Refer to Table I.
FLUSH-MOUNTED GAGES

Table I. Gage Dimensions in Inches (Millimeters). Refer
Models: to Figures I and 2.

Indication Gages: See Table 2.
Receiver Gages: catce A 8 C I1 t.

2-1/2 inch dial 14505895-001, -101. ,-1 2164) 31IN 7'32(56) 1-7 8148) 2-19,32(66) 2-3,4(70)

3-1/2 inch dial 14505896-001, -101, and -201. 3-1 '(),9) 4-1,8(105) 5/16(7.9) 1-7 8(48) 3-21/32(93) 3-7,809)

See Table 3 for ranges and part numbers of inter- ii 2138) 1-11:16143) - 1-21 32192) - -

changeable scaleplates. Target 3(76) 1/4(6) 1-15 16049) 2.19,12 166) 2-3 4) "O)

77-6091 2
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Table 2. Indication Gage Ranges and Models.

SIm-Mnuniled l'l-aJi-iMoutled Masximu

I-I ein, 1 in. 2-l/2 in. 3.4/2i. sael SCALE ALIGNMENT MARKS

Units RangeW tha DiaNl Dial Dial Ptsare AT 39 AND 15 PSI

Oto]0 305965 305914 A 804191B 8041qoB 32 psi s

psi 00c60 - - 804191C 804190C 
6
5psi

0to 160 - 305917 M 804191 E 804190E 170psi

- 0- TAB 13)

,'\ Used on PP902.

I '4 inch MPT Connection.
/ *C[ pON

45.
SCALE IDENTIFICATION

Replaceable Scaleplate: LAST 3-DIGITS OF

Figure 3 shows a typical scaleplate. SCALE PART NUMBER
21294

Fig. 3. Typical Receiver Gage Replaceable Scaleplate.

Table 3. Receiver Gage and Scaleplate Ranges and Models.

Stem- Scaleplates

Mounted 14505846-
Gages

1-1/2 in. 2-1/2 in. 3-1/2 in.

(38 mmi (64 mm) (89 mm) Scale

Units Range Dial Dial Dial Idenlificcation

50to 100 305972 005 105

Degrees 40 to 240 305931 003 103

Fahrenheit 25 to 125 14000786-001 004 104 'F

0 to 200 305930 002 102

-20 to 80 305986 006 106

-40to 160 305929 001 101

10 to 38 305973 010 110

Degrees 5 to 115 305934 009 109

Celsius -5 to 55 14000786-002 OiI III 'C

.18to93 305933 008 108

-30 to 30 305987 012 112

-40 to 70 305932 007 107

-I1to 305615 - -

0to 2 305616 013 113

I to 3 305617 014 114 In. H 2 0

Inches H 2 0 2to4 305618 015 115

3 to 5 305619 016 116

4to6 305620 017 117

Oto 5 - 018 3 118

-25 to 25 305621 - -

0 to 50 305622 020 112

Millimeters 25 to 75 305623 - - mm H 2 0

H 2 0 50to 100 305624 -

75 to 125 305625 - -

300to 150 305626 019 119

0 to 50 - 024 124

psi 0 to 20 - 023 123 PSIG

3 to 15 - 022 122

kPa 20to 100 - 031 131 kPa

Percent 65 to 95 14000786-004 030 130

Relative 30 to 80 - 029 129 'in RH

Humidity 15 to 75 14000786-003 027 127

15 to 85 14000786-005 028 128

Dewpoint F 40 to 75 305988 025 125 Dewpoint *F

Dewpoint C 5 to 25 305989 026 126 Dewpoint *C

Percent 0to 100 - 021 121 010

Air Velocity 150 to 600 - 032 132 Ft/Min

Ft/Min 300to 1500 - 033 133 100 Ft/Min

500 to 2500 - 034 134 Ft/Min

.3 77-6091
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TARGET GAGES Gage Accuracy:
±207.

Models:
See Tabel 4. Degrees Travel:

270 degrees with 108-degree viewing window.
Dimensions:

See Figure 2 and Table 1. Mounting:
Flush.

Maximum Safe Pressure:
25 psi (172 kPa). Air Connection:

1/4-inch (6mmni) barbed fitting.

Table 4. Target Gage Specifications.

Range

Number Indication psi 11 Gage Caitbration in psi I& A
317086F DAY-NIGHT 12.5-18.5 12.5- 13.5-white, black DAY 17.5-18.5 -black, black

at 13. A NIGHT at 18. A
317086C, DAY-NIGHT 0-20 0-9-white, black DAY at 3. 9-20-black, white NIGHT at

I8.
317086K DAY-WARM 0-22.5 0-14.5 - w hite. 14.5-18.5-ied. 18.5-221.5-black.

UP-NIGHT black DAY at 13. black WARM black NIGHT at

& UP at 16. A 21.A
31 7086L OCCUPIED- 0-18 0-9-white, black OCCUPIED 9-18-black, white LNOCCU-

UNOCCUPIED at 3. UPIEDai I5.

3 17086F SUMMlER- 12.5-18.5 12.5-13.5 -green, black SUM- 17.5 -18.5 -white. black WIN-
WINTER MIER at 13. A TER at 18. A

317086H SUMMER- 0-20 0-9-green, black SUMMER 9-20-w hite, black %% IN-
WINTER at 3. TER at 18.

317086M WINTER- 0-18 0-9-white, black WINTER 9-18-green, white SUMMER
SUMMER at 3. at I5.

31 7086A OFF-ON 0-18 0-9-white, green OFF at 3. 9-18-green, w hite ON at IS.

317086P ON-OFF 0-18 0-9-green. white ON a(-3. 9-18-white, green OFF at I5.

317086B HIGH-AI.ARMl 0-I8 0-9-white. 9.18-red, white HIGH at 18.

31708(,C LOW-ALARM 0-20 0-9-red, white LOW at 1.5. 9-20-white.

317086D HIGH & LOW% 0-19.5 0-3-red, white 3-13-white, 13-19.5-red, white
ALARM LOW at 1. 5.w HIGH at 1 8.

317086J OPEN-CLOSED 0.20 0-9-white, green OPEN at 3. 9-20-green, white CLOSED at

1 18.
3 17086N CLOSED-OPEN 0-18 0-9-green, white CLOSED at 9-18-white, green OPEN at

3. 1 15.

317086R CL.OSED- 0-18 0-3-reen, whIt Ie 31-13-green, white 13- 18-white, black
MODULATING- vertical CLOSED at NIODULATIG OPEN at 17.
OPEN 11.5. at 8.J

dA To comner Psi to approximate kPa, nmultiply psi by 7.

A SEGMENT PRESSURE SEGMENT COLOR
RANGE

INDICATItON

7 COLOR
IOPEN t 3

INDICATION ___INDtCATION CENTERED AT
THI PRESR

2.2"

A Litght gray beige. behind 8etrig

Honeywell
In the USA: Honeywell Plaza, MinneaPollS, Minnesota 55408

77-609 1 In Canada: Scarborough, Ontario
C-m.-.1 ...,I w G,..p Subsidiaries and Affiliates Around the World

MLF TAB IV Cý 3 Printed In USA Rav. 11.84

Figure courtesy of Honeywell, Inc. 50



I SAFýE TiY 1.1 x

SHOWER SCIh

SYSTEM A R-

H YDAPIPE '64' Modern, Compact, Stainless St~eel,';
Shower Units. The most economica mei
of designing and installing shower systm

'.SUIER M I ... The Original Prefabricated Shower Unit
NON COG..newly designed tor wider application. More

ADJSTBL versatile for the specifier and the installer.
STREAM ~ Available in two lengths, standard and

,* /1 ' short. with vertical or horizontal supply covers
HEAD No pipe chases and narrower walls mean

) lower construction costs. Neater and far less
costly than massive panel showers. Complete
unit vandal-proof.

No exposed piping to assemble.
...Unit and pipe covering in heavy brush

fin-is~h, stainless steel with clean, straight line

STAILESSSafetymix, the valve without equal.

UNI

L~1 ~ATHRU

RPRUIESURT

MBALANCIN

PIPPIPING

WIT

~pAV~~VS'Industries Inc.,
em -~ -31 Brooks Drive. Bruintree. Mass. 02164
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FOR THRU-WALL SUPPLY PIPING

S;1 801S Hvdipipe '64' Packaged Unit - - -

(STANDARD LENGTH) Safety- r " -

mix pressure balancing shiower valve 1r w i t h i n t e g r a l s t o p s . 'S u p e r ' S h o w e r j -T -- --I
Head on institutional type Head 4'

Bracket fitting. Attached soap dish 3.

and Top cap. Stainless steel covering
to be 18 gauge w/#4 brush finish. - 2
Weight 12'A lbs. 16'

1-801 Same as above less soap dish. -Z,.

Weight 11 lbs.

1.802S Hydapipe "64' Packaged Unit - •"------' Ii|-

(SHORT LENGTH) Safetymix pres- ,
P., sure-ualancing shower valve with in- '.-

tegral stops. 'Super' Shower Head ,- i

on institutional type Head Bracket
Sfitting. Attachedsoap dish and Top I 2 ,-

ca.Stainleis steel covering to be r'
18 gauge w/#4 brush finish. "i.

Weight 11%'! lbs. _ __ __

1-802 Same as above less soap dish. - -

Weight 10 lbs.

FOR THRU-CEILING SUPPLY PIPING WITH MATCHING PIPE COVER

1-803S Hydapipe '64' Packaged Unit -
(STANDARD LENGTH) Safety-
mix pressure-balancing shower valve .,,. -

with integral stops. 'Super' Shower --- ' .Z' " "-
Head on institutional type Head r- j-
Bracket fitting. Attached soap dish. ,
Matching cover with ceiling flange I
to conceal supplies to ceiling. Stain-
less steel covering to be 18 gauge , . "
w/#4 brusi, finish. I . I

1-803 Same as above less soap dish.

1-804S Hydapipe '64' Packaged Unit -S(SHORT LENGTH) Safetymix pres- ' .L.

sure-balancing shower valve with
integral stops. 'Super' Shower Head i Ii'-
on institutional type Head Bracket
fitting. Attached soap dish. Match- I

184 ng ase wt ceiling flange to con. -1 i ___

lJ ~ceal supplies to ceiling. Stainless •'

steel covering to be 18 gauge w/#4 _______

brush finish. _ _ r -

1-804 Same as above less soap dish.

MODIFICATIONS TO ALL HYDAPIPE UNITS
Prefix S Integral Volume Control
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SRFETYmlIH
CONC'A•LED PRESSURE BALANCING*VALVE Manufactured by

INSTALLATION INSTRUCTIONS :YMMCA I4U-fS __C

SYMMICAS INDUST -Fi.S IiNC.ý

SERVICE INFORMATION 31 Brooks Orivi. aintri . Mas. 02184
REPAIR PARTS DATA Tel. (617) 848-2250 Tele, 95.1306
*SEE PAGE 4

All SAFETYMIX" systems are equipped with a 2.75 GPM water and energy
saving shower head.

IMPORTANT: Alter completion of installation step 3, follow these instructions to set the SAFETYMIX Limit Stop
Screw. This valve is equipped with a limit stop screw to be used to limit valve handle from being turned to
excessively hot water discharge temperatures. To adjust, remove dome cover, open valve to maximum desired
temperature and turn in limit stop screw until it seats.
WARNING: Failure to adjust the limit stop screw property may result in serious scalding.
WARNING: This shower system may not protect the user from scalding when there is a failure of other
temperature controlling devices elsewhere in the plumbing system.
This instruction sheet shows the valve identlilcation marked on escutcheon INSTALL HOT ON LEFT AND COLD ON

rough-in dimensions for 1-100(X). Model 0 - Valve with temperature control RIGHT ACCORDING TO VALVE BODY

1-210(XI or 4-500(XI units. See only MARKINGS
-" v= V- Valve with temperature control Reverse co-e valves h e 1-100-REV)separate drawings 1" ", -'. I a-t. vo.ume control dei -gned for pip:ng simplc-t -y h: -4 to

other numbered units) for applicable 1. Install rough piping and valve body as back installations are rnsta:ed witr .o t,

rough-in dimensions. shown on installation drawing right and cold on left according to valve

IMPORTANT Valve roughing is 21% min - 3' markings

INSTALLATION OF 1-100 max from CENTER LINE of SUPPLIES TO 2. When tinishing the tile wait REMOVE

el-100 SAFETYMIX SHOWER UNIT FACE of FINISH WALL Supply connections ENTIRE PROTECTIVE ROUGH-IN SHIELD

Concealed SAFETYMiX pressure balancing must be on an accurate horizontal plane and FILL AREA AROUND VALVE BODY

,alve shower head with NU-ARM head WITH GROUT OR PLASTER DO NOT

cracket PLASTER OVER SC-2 CAP OR SERVICE
STOPS IF SO EQUIPPED

1-100 (X) 3. Turn on hot and coiO supplies VALVEWILL NOT OPERATE UNLESS BOTH HOT
.AND COLD WATER ARE TURNED ON

Allow valve to run in warm position for a few

5 minutes to totally flush system it system is

2 mm quite dirty remove valve spindle or stop
;7 spindles lif SO eCduipedl to nsure proper! flushing

4. Set limit stOo screw as directed .n bold
type above

approx - S. Mount escutcheon onto valve usirg putty

30 1 r--7 or other sealant around underside of flange
762rnm 178mm . Fasten in place with screw Install hanole

with short pointed end at oft position lPut

teflon tape or grease on spindle spline) install
-mNU-ARM head bracket and shower head23. -60am mmi

4-500 (X) 3 -76mmmax L_ 5 18  6. Donotnstall positveshut-offdev•ceson
4-500- 16(mm the outlet of this valve or devices that do not

VALVE ONLY allow the valve to flow at least 1 GPM C 50
SHOWER SUPPLY -psi inet pressure EXCEPTION If a self-closing or slow-closing valve is installed on

the outlet. the supplies of th• valve must be
equioped with check stops to eliminate not

,-. to cold by-pass in the event !te valves
H . \\ ' . _ ._ handle is not turned to off after use Contact

A your factory representative or Symmons

". y .. . --... directly for information on available checks

"OPERATION
HOT& COLD IThe main handle of the SAFETYMIX valve s

"6 - 152mm min SUPPLIES for control of temperature only From the

- le5s stOps a prox L OFF Position the handle is turned counter.

., 229mm mn o-a 
clockwise through a minimum coio postion

t -29 S Xn t2l9mm through a warm and hOt POsition !Or a max-
" fr ltr SZOIS (X) 1,mum turn of approximately one revolution

This allows tor infinte temperature ao3ust-
menws to suit the requirements of any usei

-= ,,of •,, ,J_ _ IMPORTANT, .,,.:¢•,? •"e' )-Lt O~~)n'al nmo ý

Read Entire Directions I
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.. .ai • -JiA•Q'e I ftMIA Limit b|op

zcrew. I nos valve is equipped with a limit stop screw to be used to limit valve handle from being turned to
eicesslMvely hot water discharge temperatures. To adjust, remove dome cover, open valve to maximum desired
temperature and turn in limit stop screw until it seats.
WARNING: Failure to adjust the limit stop screw property may result in serious scalding.
W 'lING: This shower system may not protect the user from scalding when there is a failure of other
I "attire controlling devices elsewhere in the plumbing system.

This instruction sheet shows the 1. install rough piping and valve body as 3. Turn on hot and cold supples. VALVE

rough-in dimensions for 1-100(X). shown on installation drawing WILL NOT OPERATE UNLESS BOTH HOT
1-210(X) or 4-500(X) units. See IMPORTANT Valve roughing is 2%" min - 3- AND COLD WATER ARE TURNED ON
separate drawings (enclosed with max from CENTER LINE of SUPPLIES TO Allow valve to run in warm position for a fewsheprame d da in s) fFACE of FINISH WALL. Supply connections minutes to totally flush system If system is
other numbered units) for applicable must be on an accurate horizontal plane quite dirty, remove valve spindle or stop
rougn-in dimensions. INSTALL HOT ON LEFT AND COLD ON spindles (if so equipped) to insure proper

RIGHT ACCORDING TO VALVE BODY flushing
INSTALLATION OF 1-210 MARKINGS 4. Set limit stop screw as directed in bold
n1-210 SAFETYMIX TUB AND SHOWER Reverse core valves (i.e.. 1-210-REV) type above
UNIT designed for piping simplicity on back to 5. Mount escutcheon onto valve. using putty
Concealed SAFETYMIX pressure balancing back installations are installed with hot on or other sealant around underside of flange
valve push button diverter with integral right and cold on left according to valve Fasten in place with screw Install handle
volume control for shower Shower head markings. with short pointed end at off position (Put

volue cntro fo shoerteflon tape or grease on Spindle spline). installwith NU-ARM head bracket and tub spout. 2. When finishing the tile wall REMOVE NU -ARM head bracket and shower head.
Valve identification marked on escutcheon ENTIRE PROTECTIVE ROUGH-IN SHIELD Mount escutcheon and knob on diverter
Model 0 - Valve with temperature control and FILL AREA AROUND VALVE BODY Mount estall p o b of devies

only. WITH GROUT OR PLASTER. DO NOT 6. Do not install positve shul-ofi devices On
Mca~i V - Valve weth temperature control PLASTER OVER SC-2 CAP OR SERVICE the outlet of this valve or devces that do not

and volume control. STOPS IF SO EQUIPPED allow the valve to flow at least 1 GPM @ 50
psi inlet pressure. EXCEPTION If a self-
closing or slow-closing valve is installed on
the outlet. the supplies of the valve must be
equipped with check stops to eliminate hot
to cold by-pass in the event the valve's
handle is not turned to off after use. Contact
your factory representative or Symmons

- directly for information on available checks

---7 -- 178-rn

SHOWER SUPPLY-'
2i.-60m2Tmmn- -1 3/4'

I -7ramma- -44mm

869 rrim OPERATIONThe main handle of Ile SAFETYMIX valve hs

+' for control of temperature only From the

OFF position, the handle is turned counter-

7-171'icokietruhamnmmcl position.through a warm and hot positon for a max-
H C imum turn of approximately one revolution
7 This allows for mnfinite temperature adlust-.... ,• . ;"•. .•ments to suit the requirements of any user

K !initial flow will come from tub spout.
Pressing diverter knob will control volume
from shower head

- 52i'"' I 2? - 5g9mw ?itubsPOut
eisVOs3- ,_62m toe tesie,
........ • .. .I O cOLD /TUB SUPPLYS-•.;••-',S,', •'- 0O S (X), SUPPLIES

ALL FLOOR TO CENTER OIMENSIONS OPTIONAL
CONCEALEO PIPING NOT FURNISHED BY MANUFACTURER

2
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or panel waits and itis desired to
sandwich wall between valve body C 25mm dia h~ole for NU-ARM head braCket, shower arm tub spout

and escutcheon, follow instructions to te) *ster 1 2 -441mm o'a for diverier
Note It is always recommended to
secuie valve piping to rough con-
struction and not depend on fiberglass - 3~- 7,-7Srrv 37 7m -

wall for valve mounting security. 3
Order valve with modification "C" for I~3m di..
wall 3,i"- thick. 2 holes
Order valve with modification "CM" for I *~ dia.rm2T--6m
wall ?'-s - 11'6" thick. 3mm da "5 ~3
On panel walls over 11/@" thick, install 7 i %IM
in conventional manner. I 5 Oifll

dia. 3 holes 3-_~mda oe

template for valve less stops template for valve with stops

IC-14 LEVEN HANhLE ...................

OC-141 VOLUME CONTROL KNOB ..............

SC-14A LOCKING SCREW W:WASNEN ..........

SC-l14C i&mNIE DIAL ...................

SC- 143 VOLUME CONTROL KNOB .............

OC-14 LUCITE HANDLE IVOL. CON TROLI..

LC- 14 LUCITE HANDLE ntl shows ...........

SC-14 LEVER HANDLE IVOL. CONTROLI .....

SC-l5 HANDLE SCREW ..................

SC-i3 18 DOME COVEN A LOCK NUT ............

SC-I12 ESCUTCHEON A SCREW .........

SC-25 LIMIT STOP WITH 0-RING ..............

SC-IN CAP GASKET .....................

SC-U COLD WASNER RETAINER ............ co

SC-10 11 NOT ACOLN USNEAS ........ C-321-11 PLASTER SHIELD

FLOW CDNTRBL SPINDLE ....... 63C-32-11I SPINDLE ASSEMBLY

SC-iDA HOT WASHED SCREW ...............

SC-S RENEWABLE SEAT ..................

SC-20A 21 TOP SEAT 0OR11N1 & BOTTOM SEAT GSE

Noet: for hitve loes tolet coslrol. as@ NC-14 it LC-14
basdl. A C-i flow coolrel spisilo stsssmbly.

SAFETYIEIX WASHER & GASKET KT1T1 REPAIR UNITS I C1301118 Wilk Walker$ I

SC-U COLD WASHER RETAINER SC 3 RENEWABLE SEAT UNIT Cousless

SC' 0 ID II HOT A COLD WASHERS *C-i SPINDLE A'SEMBLT MDBEL B

SC-li SPINDLE PACKING ( Less Voloome Cottrell 1
'SC-i SPINILE ASSEMBLY NOBEL V

SC-lU9 CAP GASKET Ivt@ oto

SC-bKA HOT WASHER SCREW life: Whit Visles bie ahiIghls~sesK ofInlse ad

SC-l H5 ANDLE SCREW regmeirsi repasr, replaes keseeble Slos 894
Splsdls Alssunll seolalssivisly.

neS RENEWABLE SEAT SOCKET 111111C1
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1-801S HYDAPIPE packaged unit (STANDARD UNIT) complete with
SAFETYMIX with integral stops, SUPER shower head & attached
soap dish.

1-80 1 Same as above less soap dish.
1-802S (SHORT UNIT)
1-802 (SHORT UNIT) Less Soap Dish

31/9" -79mm 1-1/16"-27mm

ý0 0

I 111mm

95/8" 6::1
244mm i

maximumn distance

26" -660mm
7" standard unit

311/2'" 171/2 178mm 20" - 508mm
800mm 445mm sotui
standard units

2 51/2' 111/2 SHOWER HEAD
648mm 292mm HEIGHT

short units

o 3" 76mm
4 3/s minimum
111mm dsac

0~ 0o 0V~ stops
6ý' -152mmr 41/4mii - 21/s" - 54mm

stops accessible I3" - 76mm
thru bottom ~-61/" - 165mm ý

This~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~I drwn8ob sdfrruhi 
ntlaintr 

alsple may enteronly. For complete installation, adjustment and lo ie a n oition etwenc minimu
service information, see Safetymix Form #S-3. and maximum distances shown

®NDUSTRIES. INC.8-11 BROOKS ONIVE. BRAINTREE. MASSACHUSETTS 02164 S

58



USACERL DISTRIBUTION

Chief of Engooearo 4th lIfanory Div (MECH) USA Noak RD&E Censor 01760 Defense Logitics Aenmy
ATTN- CEHEC-IM-LH (2) ATTN: AFZC-FE 80913 ATTN STRNC ErT ATTN: DLA-WI 22304
ATTN, CEHEC-IM-LP (2) ATTN DRDNA-P
ATTN: CECG Fort Pickeut 23824 Wahit Reed Army Medical Ca 20307

ATTN: CERD-M ATTN: AFZA-FP-E TRADOC
ATTN: CECC-P ATTN. DEN (13) US Mihtosy A-ldemy 10996
ATTN: CERD-L Tobyhonnt Army Depot 18466 Fort Monroe 23651 ATTN MAEN A
ATTN CECW-P ATTN: SDSTO-EH ATTN ATBOG ATTN Facetote Engineer
ATTN: CECW-PR Carisle Brracsk 17013 ATTN Geography & Env Engrg
ATTN: CEMP-E US Amy Materiel Conmand (AMC) ATTN. ATZE-DIS
ATTN: CEMP-C R&&tone Asenal 35809 Pot Eustis 23604 416th Engineer Command 60623
ATTN: CECW O ATTN: DESMI-KLF ATTN: DEN ATTN Gibson USAR Co
ATTN CECW Jeffevnon Provng Ground 47250 Fan Chaffiee 72905
ATTN: CERM ATTN: STEJP-LD-F/DEH ATTN. ATZR•ZF USA Japan (USARJ)
ATTN: CEMP Letterlenmy Anmy Depot Fort S.1l 73503 ATTN APAJ-EN ES 96343
ATTN: CERD-C ATTN SDSLE-ENN 17201 ATTN: AT2- E ATTN HONSHU 96343
ATTN: CEMP-M Pueblo Amy Depot 81008 ATTN DEH-Ok--oe 96376
ATTN: CEMP-R ATTN: SDSTE-PUI-F US Army Materals Tech Lab
ATTN: CERD-ZA Dogw-y Proring Ground 84022 ATTN- SLCMT-DEH 02172 Novel Freto.. Engo Command
ATTN DAEN-ZCM ATTN: STEDP-lN ATTN Fanthet Eogr Cmommod (8)
ATTN: DAEN-ZCE Tooele Army Depot 84074 WESTCOM 96851 ATTN D-mon Offces (11)
ATTN: DAEN-ZCI ATTN SDSTE-ELF ATTN DEN ATTN Publac Wodut Cetret (8)

Yumat Proving Ground 85365 ATTN APEN-A ATTN Naval Cover Battahon Cto 93043
CEHSC ATTN. STEYP-EH-E ATTN: Naval Crvd Engr Laborory (3) 93043

ATTN: CEHSC-F 22060 Tobylanoa Army Depot 18466 SHAPE 09705
ATTN. CEHSC-TT 22060 ATTN: SDSTO-EH ATTN: Iofreese-tue Branch LANDA 8th US Army Komo
ATTN: C1(NSC-ZC 22060 Seneca Army Depot 14541 ATTN DEN (12)
ATTN: DET I1 79906 ATTN: SDSSE-HS Am* Engineer. AEDC Arm Office

Aberdeen Pmovng Ground Aondd Air Fcrce Staton. TN 37389 US Army HSC
US Army Engr District ATTN: STEAP-DEH 21005 Fort Sam Houmon 78234
ATTN: Lilrary (40) Sharpe Army Depot 95331 HQ USEUCOM 09128 ATTN HSLO-F

ATTN: SDSSH-E ATTN: ECJ4-LIE FPttzainoee Army Medoal Coo
US Army Engr Divimon Fan Moonmouth 07703 ATTN HSHG-DEH 80045

ATTN: Library (13) ATTN: SELFM-EH-E AMMRC 02172
Savanna Army Depot 61074 ATTN. DRXMR-AF Tyndall AFB 32403

US Army Eteep. ATTN: SDSLE-VAE ATTN: DRXMR-WE ATTN: AFSC Progrm Of,
ATTN: AEAEN-EH 09014 Reck Island Amend ATTN- Engrg & Sm Lab
ATTN: AEAENODCS 09014 ATTN: SMCRI-EH CEWES 39180
V Corps ATTN: SMCRJ-TL ATTN: Library Chamoos AFB 61868

ATTN: DEN (8) WatetnbetAreaesl 12189 ATTN 3345 CES/DE
VII Coo.P ATTN: SMCWV-EH CECRL 03755

ATTN: DEN (II) Red Rive Army Depot 76102 ATTN: Litbray USA TSARCOM 63120
29th Area Support Group ATTN: SDSRR-G ATTN STSAS-F

ATTN: AERAS-FA 09054 Horny Dionood Lab USA AMCOM
100th Support Group ATTN: Library 20783 ATTN: Factlojom Engr 21719 American Publc Wook.s Asse. 60631

ATTN: AETTEN-DEH 09114 White Sands Munile Range 88002 ATTN: AMSMC-IR 61299
222d Bass Baudlion ATTN: Library ATTN: Facilet. Engr (3) 8513 US Army Enw Hyersee Agency

ATTN AETV-BHR-E 09034 Corpus Chlisa Army Depot ATTN: HSHB-ME 21010
235th Base Support Battalion ATTN: SDSCC-ECD 78419 USAARMC 40121

ATTN! Urit 28614 Aibsclh 09177 ATTN: ATZIC-EHA US Gov't Praiing Offive 20401
293d Base Support Battalion FORSCOM ATTN: Rea SicDepom Soc (2)

ATTN: AEUSG-MA-AST-WO.E 09086 ATTN: Facilitie Engr (12) Military Traffic Mgmt Command
409th Support Battalibo (Base) Port Bragg 28307 ATTN: MTEA-GB-ElP 07002 Nat'l Iostiute of Statnlrd, & Tach

ATTN: AETTG-DEH 09114 ATTN: AFZA-DE ATTN: MT-LOF 20315 ATTN Loitbay 2(99
412th Base Suppo Battelim 09630 Port Campbell 42223 ATTN MTE-SU FE 28461

ATTN: Unit 31401 ATTN- APZB-DEH ATTN: MTW-IS 94626 Defeme Tech nlod Cesser 22304
Frankfurt Base Support Bttaibon Fort McCoy 54656 ATTN DTIC-FAB (2)

ATTN: Umt 25727 09242 ATTN AFZR DE Fort L-oeerd Wood 65473
CMTC Hohendelb 09173 Fort Stewart 31314 ATTN: ATSE-DAC-LB (3) 301

ATTN AETH.DEH ATTN AF2P 1EF ATTN ATZA-TE SW 09,92
Mom, Genomouy 09185 Pt Bochana- 00934 ATTN. ATSECFLO

ATTN: BSB-MZ-E ATTN E-ve Office ATTN. ATSE DAC FL
21t Support Command Pt Dewen. 01433

ATTN DEN (10) ATTN AFZD DE Milotary Duo of WASH
US Army Belebn Pa Drum 13602 Fort McNatr

ATTN AEBA-EH 09235 ATTN APZS-EH-E ATTN: ANEN 20319
ATTN: AEBA-EN 09235 Porm lrwin 92310

SETAF ATTN AZI -EH USA EngS Activity. Capital Ar
ATTN AESE END 09613 Pat Hood 76544 ATTN Library 22211
ATTN: AESE-EN 09630 ATTN AP2F DE-AES EnBr

Supreme Allied Command PFrt Meo&& 20755 Noton APB 92409
ATTN ACSG1B 09703 ATTN AFKA-Z-EH-A ATTN: Librtry
ATTN SIHBI/ENGR 09705

6th Infantry Divoe.n (Light) US Army ARDEC 07806
INSCOM ATTN: APVR DE 99505 ATTN SMCAR ISE

ATTN. IALOG-1 22060 ATTN: APVR.WF-DE 99703
ATTN. IAV DEN 22186 Charle E Kelly Sp1 Ac•mtoy

National tuaord Basesa 20310 ATTN: DEN 15071
USA TACOM 48397 ATTN. Istallationo Don

ATTN. AMSTA-XE Enog, Socuota Libatry

Pam Belvoir 22060 ATTN Acqooteoonm 10017
Defeoses Desmooobooaoo Region Pset ATTN CETEC IM-T

ATTN. DDRE-WI 17070 ATTN CECC R 22060 Defense Nuclear Agemy
ATTN SFr Strateg•c Sotoe.. Coo ATTN NADS 20305

HQ xvIn A•i•bme Corps 28307 ATTN: Aoustrlian Laosiao Offme
ATTN APZA-DEH-ES

This publication wu reproduced on recycled paper. • U.S. GOVERNMENT PRINTING OFFICE: 1992-746-652


