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Existing Systems Evaluation

Creative Environment Corp. was retained by the Westborough Public Schools to evaluate the existing
geothermal heating and cooling system in light of impending major repairs and replacement of major
components. As the system nears an installed life of 20 years, it has begun to fail at a rate where repairs are
no long sufficient to keep the system in operation, The goal of this report is to provide a technical evaluation
of the existing system as it stands today, and a recommendation for the school to use in going forward with
major or minor replacement or repair. We have also been requested by the school to review the ability to
add additional capacity for future classroom additions,

Existing Geothermal Wells

According to the existing drawings from HEC Inc., a subsidiary of Northeast Utilities, dated January 2, 1996,
there are 6 wells each approximately 1,500 feet deep each. According to the detail on drawing H-i (see
below, FIgure 1) In each well, the well pump should be located within the first 30 feet of the static water level,
with the suction side extended to near the bottom of the well. Water is returned to the well near the top,
just below the static water level. The result is an open loop system drawing ground water from the deepest
point with the most constant year-round temperature for supply to the heat pumps. The intent of this
system is to make use of the surrounding ground water to maximize the efficiency of the heat pump, and
allow the greatest distance between each well’s supply and return terminations for the greatest amount of
residence time and heat exchange with the ground.

Discussions with the building maintenance staff lead to the conclusion that the actual installation may not be
as shown in the detail. The pipe installed on the suction side of the well pump may not extend the full depth
of the well. This could mean that the majority of the well depth is serving no purpose for heat exchange
between the ground and recirculated water. Verification of the Installation of piping within the well would be
difficult at this time since the full length of piping would have to be removed from the well and visually
verified, Bill Garbarino, the HVAC technician for the Westborough Public Schools who has been maintaining
this system, indicated that the normal water temperature returning from the wells year-round is
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approximately 50-S5’F, which is normal for ground water temperatures in this geographical area. This is an
indication that the heat exchange rate with the ground and pipe depth is irrelevant to the performance of the
well, since the water being drawn from the well is at the ideal temperature for maximizing the efficiency of
the heat pumps. This temperature is also an indication that the wells are producing a sufficient volume of
fresh ground water to be fed into the system. However, contaminants like sand and minerals could be
entering into the ground water loop and potentially harming the equipment.

It was noted during an earlier site visit, the water was being discharged onto grade from one of the wells.
Further discussion with building maintenance staff indicated that this occurs when the well pumps are de
energized. Water returns to the wells after the system Is off, overwhelming the static water level and causing
excess water to flow out of the top of the well. Water from the system is draining back into the wells when
the well pumps are off, which could be an effect of the vacuum breaker Installed on the return header. The
well ioop should be able to hold pressure, positive or negative, when the system is de-energized and water
flow in the ground ioop has stopped. The vacuum breaker may be allowing air to enter at this point in the
system when the pressure decreases below atmospheric pressure, allowing water to drain back into the wells
by gravity.

Existing Water Source Heat pumps

The existing water source heat pumps were Installed approximately 20 years ago, and have begun to fail at a
rate where simple repairs are no long sufficient. This is consistent with the age of the equipment, and
replacement is recommended. The existing system is lacking some components that would help extend the
life of new water source heat pumps. Since the ground loop Is open, contaminants like sand and dissolved
minerals could be present in the ground water and can damage the heat pumps. Keeping these contaminants
out of the heat pumps requires two additional components: a sand filter, and a heat exchanger. Water
returning from the wells should first enter a sand filter to remove the heavier particulates. Water should then
pass through a plate and frame heat exchanger to transfer energy between the heat pump ioop and the

Figure 2: Existing Water Source Heat Pumps
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ground water ioop. The heat pump loop and ground water loop will be completely separate. Any minerals
left in the ground water after the sand filter will then remain in the heat exchanger and not the heat pumps.
This is preferable, since the heat exchanger is easily dismantled and cleaned. Even though the existing water
source heat pumps have met their serviceable life, the lack of these components may have contributed to
their eventual failure.

There are 20 existing Climate Master WE 120 water source heat pumps installed In the building currently.
There are two rows of stacked heat pumps, making very efficient use of space in the heat pump room. The
water source heat pumps provide a majority of the heating and cooling capacity available for the building.
For a summary of the heating and cooling capacity of each heat pump, see the table below:

Building Building Total Capacity COP Heat of Well Well

Supply (‘F) Return (‘F) (MBH) Rej jAbs. Supply Return

(MBH) (‘F) (‘F)

Heating 110 101 100 3.6 82.2 50 44.5
cooling 43.4 55.0 128 5.0 52.1 55

Table 1: Water Source Heat Pump Capacity

The total heating capacity available to the building is 2,000 MBH, or approximately 25.6 BTU/square-foot out
of the geothermal system along with some minor electric resistance heating In transient spaces, which seems
low for this application. The largest heating load source in the building is from fresh air being brought in for
indoor air quality and general ventilation. An average heating load for a school of this size, including
ventilation air, is usually closer to 35-40 BTU/square-foot. During times of the year when the weather is
unusually cold, the building HVAC system currently struggles to meet the set point temperatures, as reported
by building maintenance staff, which is consistent with the heating system being undersized.

The total cooling capacity available to the building is 868 MBH (72.3 Tons), or approximately 1,078 square
feet per ton. An average cooling load for a school of this size, including ventilation air, is usually closer to 400-
500 square feet per ton. The largest cooling load source in the building, as with heating, is from fresh air
being brought in for indoor air quality and general ventilation. Unlike with heating, during times of the largest
cooling demand in the warmest times of the summer, the building is largely unoccupied. The school may
actually be calling for maximum cooling during warm days in September or May when the sun angle and
daylight hours are reduced. Even though the system may appear undersized in comparison to comparable
system designs, it may be adequate for the actual system use.

The primary design focus for system replacement should center on planning for adequate building heating
and ventilation. Adequate cooling can be provided given a heat pump’s Inherent ability to provide chilled
water. Buflding maintenance staff has indicated that ground water returns to the building at a constant 50-
55°F, which indicates that the system has been able to extract and reject an adequate amount of heat from
the ground, therefore we can assume that the wells are adequately sized for this application.

Water Distribution System

currently, the building is mainly heated and cooled with hot or chilled water produced by the existing water
source heat pumps by two separate piping loops. The water is a 20% propylene glycol solution to prevent
freezing when brought into contact with a large portion of fresh air at some of the air handling equipment.
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Each ioop has a duty pump, P-i serving the northern portion of the building and P-3 serving the southern
portion, and pump P-2 available to serve as a back-up to either ioop. During our site visit, pump P-3 was not
operational eliminating the school’s ability for redundancy at this point of the system. The intention of these
three pumps is to move water through the existing water source heat pumps and throughout the devices in
the building.

When the system is in heating mode, the existing water source heat pumps produce a maximum of 11O-120F
to pr&side building heat. Typical hydronic heating systems use a supply water temperature of 14O-18OF. In
order to provide adequate heating with 12OF water, the hydronic coils at each air handling device need to be
larger than average to provide enough finned surface area for heat transfer with the room air. As can be seen
in the photograph below (See Figure 3), this classroom unit ventilator is fitted with a single hydronic heating
coil, which will most likey not produce the necessary space heating when the incoming outdoor air is cold
and increases the heating demand.

Unit Ventilators

Prior to the 1997 installation of the geothermal system, the classroom unit ventilators had an outdoor air
connection through the exterior wall, and an electric resistance heating coil to heat the mixed air. During the
1997 renovation, the unit ventilators were retrofitted with hydronic coils (see Figure 3 above) in place of
electric coils so that the unit ventilators could be part of the new geothermal system. Unfortunately, fan and
fan motor replacement was not part of the retrofit. The electric resistance coils can reach surface
temperatures In excess of 200F and have larger fin spacing than hydronic coils. The hydronic coil has a larger
pressure drop across it because of the denser fin spacing, which therefore decreases airflow. Since the
geothermal heat pump system is producing a maximum of 12DF, the coil surface can only reach a maximum
temperature of less than 120’F. The result of comparing the original electric resistance coils to the retrofitted
hydronic coils is a cooler coil and less airflow. Assuming that the unit ventilators were adequately sized for

Figure 3: Classroom Unit Ventilator
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heating before 1997, it can be assumed that the retrofitted unit ventilators are now not sized to provide
adequate heat to the classrooms.

The intake louvers for the unit ventilators are located on the exterior wall, near the ground. Weather
conditions during fall and winter are leading to leaves and snow being entrained into the louvers clogging or
damaging the internal components of the unit ventilators. When the louvers are below the snow drifts or
when autumn leaves have piled against the side of the building, maintenance staff has been forced to close
the fresh air intake dampers in order to protect the unit ventilators. The result is a decrease in fresh air

Lwrnnrt._,rpa._

Figure 4: Classroom Unit Ventilator— Piping Cbnnections & Fan Motor

FIgure 5: Intake Louvers In Courtyard
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entering the classrooms. This can reduce the ability to maintain a healthy and productive learning
environment, and should be addressed.

Large Air Handling Units and Building Ventilation

There are air handling units located in the gym, cafeteria, library office and main office, These systems are
afflicted with the same trouble as the classroom unit ventilators when it comes to providing adequate heating
capacity. During the winter, building maintenance staff is forced to modulate the outdoor intake dampers for
these systems closed in order to elevate the mixed air temperature and provide adequate heat to the spaces
served. On a whole building scale, decreasing the fresh air intake into the building while maintaining the
exhaust air flow will result In a negatively pressurized building. The building will now be susceptIble to cold
drafts through doors and windows, and leaks through the exterlorwalls. When the building is in a negative
pressure condition, any open exterior door will cause cold winter air to he drawn into the building,

Recommendations

It is understood that there are inherent inadequacies In the school’s HVAC system that will not be analyzed as
part of the recommendations In this report, when used to general rough cost estimates and simple RO!
calculations. It has been determined by maintenance staff, and confirmed in this report, that the existing unit
ventilators require replacement in order to provide quiet, consistent and adequate heating and cooling to
the classrooms, Regardless of the option chosen for replacement of the hot and chilled water plant,
replacement of the unit ventilators is needed. Unit ventilator replacement is shown as a line item in the cost
estimates for both Geothermal System Replacement and Chiller/Boiler System cost estimates, as shown in
Appendices 1 &2.

Geothermal System Replacement

In selecting an HVAC system for energy efficiency and a given budget cost, it Is important to weigh the
anticipated energy savings, usually measured In utility cost, against the installation and maintenance cost of
the equipment. When comparing the cost, we can generate a Return on Investment (ROI), or a relatIve
period of time that the system would have to operate to cover the cost of installation and maintenance with
the utility savings when compared to a baseline system. On average, the go) of a geothermal system in this
area of the country rarely exceeds the expected serviceable life of the major equipment. The initial cost of
installing a geothermal system is normally dominated by the cost of drilling geothermal wells with enough
depth to provide adequate heat of extraction and absorption. This means that a geothermal system generally
is not chosen as a basis of design when the ROl is used to make the decision. However in this case, the wells
are already drilled and operational; therefore the Installed cost of replacing the current geothermal system
will allow the ROl to be more competitively compared with other options.

The basis of determining the replacement heat pump system will be to provide adequate heat, and make use
of the cooling capacity produced by the equipment chosen. Replacing the existing heat pump system would
not be proposed as a simple replacement. Since the current geothermal system does not have the capability
to produce water hot enough to heat the building, a boiler should be provided to add supplemental heating
capacity to the building to heat the hot water supply to at least 140’F. With the direct replacement water
source heat pump, ClimateMaster TMW12O (see appendix S for dimensional cut sheet), each heat pump can
provide approximately 115 MBH at a maximum leaving water temperature of 130’F. Since there is space
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available in the mechanical room for 20 heat pumps, a total heating load of 2,300 MBH is available for a total
water flow of 450 6PM. An additional 2,300 MBH of supplemental boiler capacity is needed to bring the total
water flow up to the desired l4ObF. These boilers can be located outside of the boiler room, possibly In the
school’s maintenance area and piped into the main hot water supply header as an injection loop if there is
not enough floor or wall space available within the existing mechanical room. The building would then have a
total heating capacity of 4,600 BTUH, or 59 BTUH/square-foot, which should be more than enough total
capacity to heat the building on very cold days.

The proposed replacement heat pumps, given the design conditions, will be able to produce approximately
130 MBH each with a leaving chilled water temperature of approximately 45’F, for a total capacity of 2,600
MBH, or 216 Tons.

High Efficiency Boiler/Chiller System

The basis of specifying a chiller/boiler system Is to provide a system of similar heating and cooling capacity as
was is proposed for the replacement geothermal system. The geothermal system with the supplemental
boiler provides a total of 4,600 MBH of heating and just over 200 Tons of cooling. The main piping
infrastructure In the building is assumed to be adequate for chilled water distribution, and can remain. The
major and minor components within the mechanical room will be replaced as part of this option, since the
system and its components have been in operation for approximately 20 years and are beginning to fail,

The main system pumps, to be installed in a similar location to the three existing system pumps, will be
installed in a similar arrangement, with two duty pumps and a single back-up pump for redundancy. The
chillers and boilers will be piped as injection loops into the main distribution header. The existing mechanical
room is not large enough to house three condensing boilers, two water cooled chiller and all other
appurtenances, If other areas of the school building cannot be utilized to house system components, an
addition to the existing mechanical room may be necessary. The cost of this building addition was not
factored in the analyses of this report, since its necessity will not be determined until design is underway.

Building Ventilation

As discussed above regarding the classroom unit ventilators and larger air handling units, the outdoor air
being brought into the building is assumed to not meet today’s standards for indoor air quality and efficiency.
Regardless of which heating and cooling plant is chosen going forward, the ventilation and overall air balance
of the building needs to be addressed. Currently, building maintenance staff is manually reducing the
incoming outdoor air to combat snow and debris entrainment and in order to maintain an effective leaving air
temperature in heating. increase outdoor air intake throughout the building with the current systems would
only exacerbate these Issues. Ventilation must be brought Into the building in a different manner that will still
allow the existing equipment to be protected from debris and can provide the necessary heating capacity.

The intent of either of the proposed heating and cooling systems would be to provide warmer water during
times of high demand, which can help maintain a higher supply air temperature and provide adequate heat.
However, we have determined that the existing classroom unit ventilators are not adequately sized
subsequent to the 1997 retrofit with hydronic coils. Replacing the unit ventilators would allow selection of
units sized to provide the proper heating capacity and discharge air temperature for each room, but would
not alleviate the issue of the low intake louvers that entrain debris and snow. A central air handling unit for
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each classroom wing could be located on the roof and ducted to a grille or series of grilles in each classroom
to deliver required ventilation air. These central ventflation units can be variable air volume, with a separate
VAV box for each classroom to be controlled by a CO2 sensor. With this level of control, the air being brought
in can be reduced during times of low occupancy to save energy while still maintaining indoor air quality.

The large air handling units (gym, cafeteria, library and administrative offices), can remain as is, or be
replaced as necessary. Verification Is necessary during design of the new chosen hot and chilled water plant
that the hydronic coils in these units can operate adequately with the warm supply water and the necessary
outdoor air flow rate and provide adequate discharge air temperature and heating capacity. For the purpose
of this item’s budget estimate (see Appendix 3), replacement of the large air handling units was not included.

Sum ma

Since the geothermal wells are already in place and operational, reuse of them would be the most efficient
means of providing heating and cooling to the school. Since the wells are open-loop, the most consistent
temperature of ground water is available for use in the heating and cooling plant, and the energy efficiency of
the heat pump system can be maximized. Resulting from the analysis done is Appendix 4: ROl Comparison, a
new geothermal system with added components for supplemental heating and equipment protection offers a
slightly lower Installed cost and slightly more energy efficient operation than a high efficiency chiller/boiler
system, utilizing existing piping distribution infrastructure.

In addition to the WI calculation, it is important to also consider the physical installation of equipment and
where in the building It can be located. Currently, the existing mechanical room houses the 20 heat pumps,
with appurtenances, and the main distribution pumps. Underthe proposed installation of the replacement
heat pump system, the same equipment will be proposed for installation with the addition of a new
condensing boiler, plate and frame heat exchanger and sand filter. Since each new heat pump will have a
smaller footprint than the existing equipment, it Is expected that enough floor or wall space will be available
in the mechanical room for the additional proposed equipment. If it is determined that this is not the case,
the boiler and trim may have to be located outside of the mechanical room, possibly in the adjacent
maintenance area.

Sufficient space In the mechanical room becomes a question and concern for the proposed chiller/boiler
plant. The existing mechanical room Is not large enough to house the boilers and the chillers needed to
provide the same amount of heating and cooling. It was not determined as part of this study other available
areas of the building that could be used to house this large equipment. If space could not be made available
inside the building, an addition adjacent to the existing mechanical room may be necessary. The cost of this
addition has not been integrated into the cost estimates listed in the Appendices. If it is determined than an
addition Is necessary, the cost would be in addition to the estimates provided in this report, and would cause
the cost of the chiller/boiler option to be much greater than the geothermal option and the ROl for the
geothermal system would be much shorter. The proposed chiller/boiler plant also requires a cooling tower to
be located on grade, A location would have to be determined by building owners and maintenance staff, but
should be within the vicinity of the chiller location.

As stated before, it appears that replacing the exlstinggeothermal system with added pieces of equipment
for supplemental heat and equipment protection is the clear choice.
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Appendix 1: Geothermal System Replacement Probable Cost Estimate

Item Description of Work Unit Quantity Cost

Division 01 General Requirements 20% $223,500.00

Division 02 I Demolition

Water Source Heat Pumps $3000.00 each 20 $60,000.00

Pumps $500.00 each 3 $1,500.00

Expansion Tanks $500.00 each 7 $3,500.00

Other Boiler Room
Appurtenances $5,000.00 each 1 $5,000.00

DIvision 15 HVAC

Water Source Heat Pumps
(20x 10 tons) $18,000.00 each 20 $360,000.00

Base Mounted Pumps
(3 x 5 HP) $10,000.00 each 3 $30,000.00

High Efficiency Condensing
Boiler
(2 x 1,500 MBH) $75,000.00 each 2 $150,000.00

Inline Circulator Pump
(1 x 2 HP) $7,500.00 each 1 57,500.00

Plate & Frame Heat Exchanger $40,000.00 each 1 $40,000.00

Piping & Misc. Appurtenances $60,000.00 each I $60,000.00

Classroom Unit Ventilators $20,000.00 each 20 $400,000.00

CONSTRUCTION SUB-TOTALS $1,117,500.00

TOTAL CONSTRUCTION BUDGET (w/Division 1) $1,341,000.00

Soft costs
(Design Fees, testing, etc.) 10% $134,100.00

CommIssioning 2% $26,820.00

Total Cost to Owner
(Including soft cost) $ 1,501,920.00



Hastings Elementary School
Geothermal System Evaluation & H IAC Recommendations
May20, 2016
cEC Project #201 60057
Page 12

Appendix 2: HIgh Efficiency Chiller/Boiler System Probable Cost Estimate

Item

Division 01 General Requirements

Description of Work Unit Quantity

Pumps

Division 02 Demolition

20%

Expansion Tanks

Cost

$239,000.00

Water Source Heat Pumps $3,000.00 each 20 . $60,000.D0

$500.00 each

$500.00

3

each 7
Other Bolier Room
Appurtenances $5,000.00 each 1 $5,000.00

$1,500.00

Division 15 HVAC

$3,500.00

High Eff. Condensing Boilers
(3 x 2,000 MBH) $90,000.00 each 1 $90,000.00

High Efficiency Moduiatlng
Water Cooled Chiller
(2 x 100 Tons) $100,000.00 each 2 5200,000.00

Associated Cooling Tower
(200 Ton, 2-cell tower) $300,000.00 each 1 $300,000.00

Condenser Water Pumps
(2 x 10 HP) $15,000.00 each 2 $30,000.00

Piping & Misc. Appurtenances $75,000.00

$30,000.00
Hot/Chilled Water Pumps

$10,000.00 each 3
$75,000.00

(3 xS HP)

each

Classroom Unit Ventilators $20,000.00 each 20 $400,000.00

1

CONSTRUCTION SUB-TOTALS $1,195,000.00

TOTAL CONSTRUCTION. BUDGET (w/Dlvision 1) $1,434,000.00

Soft costs
(Design Fees, testing, etc.) 10% $143,400.00

CommissIoning 2% $28,680.00

Total Cost to Owner
(including soft cost) $1,606,080.00
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Appendix 3; Building Ventilation Probable Cost Estimate

Cost

— $346,400.00Division 01

Item Description of Work Unit

General Requirements

Quantity

20%

Division 15 HVAC

Rooftop DOAS Unit (S x 10
tons, 200 MBH) $30,000.00 each 4 $120,000.00

Ductwork Distribution (per
square foot cost,
approximate) $20.00 SF 60,000 $1,200,000.00

• Variable Air Volume Boxes $10,000.00 each 40 $400,000.00

Grilles & other accessories $300.00 each 40 $12,000.00

CONSTRUCTION SUB-TOTALS $1,732,000.00

TOTAL CONSTRUCTION BUDGET (w/DIvlsIon 1) $2,078,400.00

Soft costs (DesIgn Fees,
testing, etc.) 10% $207,840.00

Commissioning 2% $41,568.00

Total Cost to Owner
(including soft cost) $2,327,808.00
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Appendix 4: ROl Comparison

Peak Heating Demand: 4,600 MBH
peak Cooling Demand: 216 Tons (2,600 MBH)
Equivalent Peak Load Hours (EPLH): 2,500 Hours Heating /2,000 Hours Cooling

* EPLH are an estimation of the total hours the system would have to run at peak capacity to provide the

same BTU’s over the course of a standard design year.

Geothermal Heating: Boiler Heating:
(Half of the heat is provided by heat pump, half by Boiler Efficiency: 95%

supplemental boiler) Total BTU’s used in 1 year: 11,500 MMBTU

Heat Pump Heating Efficiency: 3.2 COP Fuel Energy Used: 12,105 MMBTU (121,020 Therms)

Total OTU’s used in 1 year: 11,500 MMBTU Natural Gas Cost per Therm (estimated): $1.15

HP Energy Used: 1,797 MMBTU (526.650 KWH) Estimated Energy Cost: $139,173
Electricity Cost per KWH (estimated): $0.16
HP Estimated Energy Cost: $84,264
Fuel Energy Used; 6,052 MMBTU (60,510 Therms)
Natural Gas Cost per Therm (estimated): $1.15
Boiler Esimted Energy Cost: $69,587
Total Estimated Energy Cost: $153,851

Geothermal CoolIng: ChIller/rower Cooling:

Heat Pump Cooling Efficiency: 25.0 EER Chiller/rower Efficiency: 1.0 kW[Fon

Total BTU’s used in 1 year: 5,200 MBTU Total EU’s used in 1 year: 5,200 MBTU

Total Energy Used: 710 MBTU (208,000 KWH) Total Energy Used: 432,000 KWH

Electricity Cost per KWH (estimated): $0.16 Electricity Cost per KWH (estimated): $0.16

Estimated Energy Cost: $33,280 Estimated Energy Cost: $69,120

Using the chiller/boiler design as the basis for comparison:

Geothermal System Chiller/Boiler System

Installed Cost: $1,501,920.00 Installed Cost: $1,606,080.00

Savings in Initial Cost: $104,160
Estimated Energy Cost: $187,131 Estimated Energy Cost: $208,293

Savings in Energy Cost: $21,162
ROl (Compared to C/B): 5 years
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Appendix 5: Dimensional Cut Sheet — ClimateMaster TMW12O
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Disclaimer

This report and analysis is based upon cursory observations of the visible and apparent conditions and is not
intended to serve as a comprehensive evaluation of all aspects of the distribution system and equipment
Although care has been taken in the performance of these observations, Creative Environment Corp. (and/or
its representatives) makes no repre5entations regarding latent, unobserved, or concealed defects which may
exist and no warranty or guarantee is expressed or implied. This report is made only in the best exercise of
our ability and judgment.

Creative Environment Corp. assumes no responsibility for the safety of the facilities mechanical or electrical
distribution system and equipment and their compliance with all applicable federal, state and local
requirements and shall not be liable under any legal or equitable theory for any claims for direct, indirect,
consequential or other damages of any nature, including, but not limited to damages for personal Injury,
property damage, or lost profits connected with the performance of these services.

Conclusions within this report are based on estimates of the age and normal working life of various items of
equipment. Predictions of life expectancy and the balance of life remaining are necessarily based on opinion.
It is essential to understand that actual conditions can alter the remaining life of any item. The previous
use/misuse, Irregularity of servicing, faulty manufacture, unfavorable conditions, acts of God, and unforeseen
circumstances make it impossible to state precisely when each item would require replacement. The client
herein should be aware that certain components may function consistent with their purpose at the time of
our observations, but due to their nature are subject to deterioration without notice.

Estimates of Construction Cost, if any, prepared by the Engineer, represent the Engineers best judgment as a
design professional familiar with the construction industry. However, it is recognized that neither the
Engineer nor the Owner has control over the cost of labor, materials or equipment; over the Contractor’s
methods of determining bid prices; or over competitive bidding, market or negotiating conditions.
Accordingly, the Engineer cannot and does not warrant or represent that bids or negotiated prices will not
vary from the estimate.

The savings are calculated using average weather conditions and typical occupancy schedules and building
operation patterns. The water use and savings estimates presented here may vary with actual building use
patterns and weather. Recommendations made in this report are based on engineering estimates. Costs and
saving are not guaranteed. It is recommended that the customer obtain a proposal and firm price from a
qualified contractor for recommended measures before making final decisions about a course of action.


