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Specifications that Make Sense
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Objectives

» Specifications designed to protect the ownership
and contractors of the project

* Meaningful specifications
* Risk management for ownership and contractors
* High-cost adders that can impact project costs

* Design Engineer education resources



Communication is critical

 Documentation of project scope and related work - clear
deliverables

* Engineer(s) of record primary contact identified?
* Owner construction manager primary contact identified?

* Any third-party reviewers, inspectors, local government
involved?

* Any site-specific working access, working hours identified?
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Documentation of project scope and related work

* General Provisions - Contract and General Conditions
* Details the project general requirements - details matter here.
* All work in accordance with ANSI/CSA/IGSHPA and C448 Standards

* NYS Mechanical Code, and NYS Clean Heat Rebate Program Manual or as approved by
Engineer or local city codes

* Scope of work

e Section describes in detail all equipment, materials, labor, transportation, supervision
and coordination between contractors for a complete and functional ground -source heat
exchanger system

* Proposed work sequencing, phasing, completion schedule conforming to project schedule




Scope of Work - continued

 Advising local municipalities and all underground utilities of proposed work
* Borehole and Pipe identification with tracer wire or detectable tape

* Management of drawings and as-built documentation

* These will be the post installation resource for information

* Geothermal heat exchanger boreholes/loops design locations
* Should include subsurface piping in trenches, manifolds, valves if required

* Any deviations to system design borehole location must be approved and documented



Scope of Work - continued

» Details of heat exchanger HDPE pipe installation

* Borehole spacing and depth
* Grouting materials
* Pipe sizes, pipe and fitting connection method
* Socket or butt fusion only
» Excavation and disposal of drill spoils/cuttings
* Erosion, water and fluids run off control
« Excavation backfill material and compaction details

 Removal and proper disposal of site excavation materials

* Heat exchanger bedding and backfill material

» Site restoration elevation and description details




Quality Assurance

 Equipment and materials manufacturer Qualifications -
minimum 5 years documented industry experience

 |nstaller Qualifications - minimum 5 years documented
industry experience with similar size project references
available

 Owners Representative — designated field staff for quality
assurance to observe and report to the engineer specific
activities of the project




Pre-Bid Information

 Site Survey

* Before submitting bids, the contractor should visit site and inform themselves as to the
location, nature of work, equipment and facilities needed to perform the scope of work

* Before submitting bids, the contractor should examine all available sources of information
regarding subsurface soil, bedrock and groundwater conditions.

e Subsurface information should be made available to all bidding contractors
* GSHP GX well field
* Clear and detailed information

* Geothermal Thermal Conductivity Testing

* Provides subsurface information of drilling conditions

* Provides design Engineer soil thermal conductivity and diffusivity information

Helps determines borehole backfill grout selection




Pre-bid site survey

= p— g

* Provides bidders site access information and material laydown area
availability, equipment parking




GSHP HX materials

Factory U Bend fusion and pressurized



GSHP GX borehole and borefield details

NATIVE BACKFILL MATERIAL WITH

4" MINUS MAXIMUM IMPORT
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5-0"
MINIMUM

ELEMENTR
s a
/) A oy
%\ _
-5
= \
= y
TS
& 2 \‘t}\'
3 S
s
i overas ctonecmn 1o o rewe
NEW ELEMENTARY SCHOOL
F.F.=649.50
¥ i !} —— : _
I ¢ | - = s SRR o ) Rk ‘
Y 3 | | o] | o -] gl =4
M a— TCTUTITUTUT T T
- P - [ — | ‘ |
P : 3 I T4 f't't'iw’ATT"T
4 _ B 4 | bl ‘ |
,IA' 3 i W ) Ug U\ ‘-__{——4!"]‘ L
Tisg [====S——mr==sw~

&2 *““BESIGN DETAILS MATTER FOR CLEAR BIDDING AND INSTALLATION




GSHP GX borehole and borefield details

GEGTHERMAL SYMBOLS AND ABBREVIATIONS GENERAL NOTES
EZoW B ETo C—

A) MAKE SURE ALL EQUIPMENT IS CLEAN BEFORE
ENTERING THIS SITE.

i

E) ALL SPOILS, CUTTIHGS AND ANYTHING THAT COMES
FROM THE BOREKOLE MUST BE HAULED OFF-SITE
FOR PROPER DISPOSAL.

PIPES ARE SHOUN FURTHER APART FOR
CLARFICATION ON P
PIPES IN THE SAME

iﬁ!uiiJ-»

) DRILLER MUST BE LICENSED IN THE STATE OF
TEXAS. A COMPLETED DRILL LOG MUST EE
PROVIDED TO THE OWMER WITHIN 30 DAYS OF
COMPLETION

D) HOLE SEFERATION IS 30 FEET IN ANY DIRECTICN.
ANY ONE HOLE MAY BE MOVED UP TO 3' IN ANY
DIRECTION TO ALLOW FOR OTHER UNDERGROUND
UTLITIES T® PASS THROUGH LOOP FIELD; HOWEVER
MO HOLE MAY BE WITHIN 27 FEET OF ANOTHER
HOLE. MUST ALSD BE QUTSIDE THE DRIPLINE OF
ANY TREES; AND AT LEAST 5' FROM ANY MANHOLE.

Site space availability will
determine the borefield
design/borehole spacing

£) HOLE DEPTH IS 350" AND THERMAL CONDUCTIMITY
OF THE GROUT MUST BE 1.00 OR HIGHER,
MAXIMUM BOREHOLE SIZE IS 4.5"

F) THERE IS A TOTAL BOREHOLE NUMBER (60) AND IT
IS BASED ON THE ABOVE DEPTHS.

G) SEE DETALS PAGE (MG-2) FOR FURTHER NOTES
AND SPECIFICATIONS PAGE (MG-3).

H) DISTANCE FROM HEADERS (MAINS) TO FIRST
BOREHOLE OF MANIFOLD MUST BE SAME DISTAMCE
ON ALL CIREUITS,

&

GEOTHERMAL QONTRACTOR IS RESPONSIBLE FOR
FLUSH/FILL 0F COMPLETE SYSTEM.

VERFY WITH GENERAL CONTRACTOR WHAT FINAL
GRADE IS BEFORE TRENCHING TO MAKE SURE OF
COMPLIANCE WTH 4' 70 5' BELOW GRADE. ALSO
COORDINATE WHO IS RESPONSIBLE FOR COMPACTION
REQUIREMENTS UNDER PARKING LOT

=

NIETISE 2755

NOTE:
FIELD COORDINATE ALL TRENCHING WITH
FURGE ASSEMBLY (SEE MG-2 FOR DETALLS) —PIPES ARE IN AN OVER/ANDER CONFIG TO ENTER BUILDING ’7

LANDSCAPE ARCHITECT.

AND TURN UP ON WALL N FIRE FUMP ROCM.

helow.
o SITE PLAN “**Ealihetor yousi

/SCALE: 1/16"=1"0"

MECHANICAL GEOTHERMAL SITE PLAN_ ) ) T ’7""7' T Jaweerr|




Manifold Vaults
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A vault is a buried structure that holds an
external manifold for a geothermal loop-field.
This is a buried mechanical room.

Concrete or HDPE construction

Frees up valuable space inside
Mechanical room

Reduces building penetrations

Stopping point between loop-
field and building

Prefabricated vault saves field
time

Accommodates larger distance
from building

Easy access for flushing and
purging




Thermal Conductivity Testing

v" ldentifies the actual ground loop performance
given a specific location and heat exchanger
design

Formation Thermal Conductivity Test Report

DA e s March 7-9, 2005
Location ... R [ Mesquite, NV

Borehole Data

v’ Testing is conducted several days after the
ground loop’s installation and data is recorded

Undisturbed Soil Temperature ..................ccocoiieriiiin Approx. 73-76°F
Borehole Diameter ........................c...ci ... Slinches

T | Drill Log ..ocooeeees S gravel, trace sandy clay Q-50°
H | S-Mgravel trace clay, some cobbles 50-60'
Ove r a 24 —_ 48 h O u r pe rl Od S-L gravel. trace sandy clay 60-80°
M-L gravel, frace sandy clay, cobbles 80-120'
S-L gravel, trace sandy clay 120'-130"
60% coarse sand, 35% L chips, 5% sand 130'-140'
[ 50% coarse sand, 40% fine sand, 10% S-M gravel 140'-150'
\/ Re o) rted d ata in CI u d es: 70% 5-M gravel, 20% sandy ciay, 10% sand 160160
[ ] 60% sandy clay, 40% S-M gravel 160'-200'
70% loose sand, 30% S gravel and coarse sand, 200-210
trace clay
= = O Loop In A 10-42 hr < Loop Out + Heat 60% sandy clay, 40% S-M gravel 210:’2401
D U n d IStu r bed SO I | te m p e ratu re Average Rore 50% loose sand, 40% coarse sand, 10% S-M gravel 240250
70% S-M gravel, 30% sandy clay 250'-280"
105 23.00 80% S-M gravel, 20% sandy clay 280-300°
60% sand, 40% S-M gravel 300-310°
N . S gravel, coarse sand 310'-320'
) 70% S-M gravel, 30% sandy clay, trace clay 320°-340'
U Thermal Conductivity (TC) 250
70% sand. 30% S-M gravel 360'-370"
= 80% S-M gravel, 20% sandy clay 370'-380°
= 5 5 A
. . . ™ 22.00 _ 5 50% coarse sand and S gravel, 50% sandy clay 380-415
D The rmal lefUSIVIt TD - » & U-bend SIZ€ ...cv.cvveveerveeecceiaeensseieseaseneesensenneene 1 114 inch HDPE
5 g > g-Ben? Length ... s 4G04g roLse
= = TOUE TYPE oot eoPro
g 21.50 ] g Grout Solids ... 63%
- " Q _8 o Grouted Portion ... 0-250ft
Q Drill log and time . S
= 21.00 3
T Test DUFAtION ... 42,0 P8
Average Voltage .................. [ ... 2398V
( o Average Power ........... . . B6,081W
80 20.50 Total Heat Input Rate ... 20,753 Btu/hr
2 Calculated Circulator Flow Rate ..... ... 7.7gpm
75 1 1 1 ! ! I 20.00
0 6 12 18 24 30 36 42

Time (hours) The thermal conductivity test
Figure 1: Temperature versus Time Data can prOVide bldderS Wlth aCtua|
site borehole information




Quality Assurance

* U - Bend piping/loops
* Delivered to site under pressure
* Hydrostatic testing prior to borehole insertion
* Retested after full borehole insertion, capped off to keep contaminants out of pipe

* Borehole grout backfill

* Grout selection based on thermal conductivity (TC) test results
* Grout material selection will determine Borefield performance

* Higher solids grout costs can be justified when TC is higher

* Grout samples testing to ensure proper mixing

* Grout samples should be provided to Engineer/Owner’s representative




Grout selection s

I
| l |

Additives Modern Types C?th',l:wggs

Controlled

== Graphite Low-strength

Material

Phase change

Material
] s Dolomite
Bl Aluminum
Shavings

* @Grout selection can help borefield performance
* Higher solids = Higher TC = higher costs for materials and labor




Grout borehole backfill

Proper borehole
backfill/grouting is critical
for system design
performance.

Grout provides thermal
transfer between the soil —
borehole — HDPE pipe

Additionally, it protects
aquifer contamination




Quality Assurance - continued

 Lateral pipe - manifolding

e Supply and return branch circuits connecting boreholes

Prior to backfill hydrostatic pressure testing

Supply and return piping should be buried minimum of 4 feet of clean backfill

Install tracer wire or detectable warning tape

Retest after borehole, supply and return manifold connection
» System flushing/purging

* All flushing/purging should be performed in presence of Engineer or
designated Owner's representative

* Flush/purge with clean water at rate of no less than 130+% of system design
flow and in no case less than 4If feet per second




Quality Assurance - continued

* Antifreeze and charging

* To be completed after successful completion of flushing/purging and
witnessed testing

* Antifreeze injection

* Inhibited glycol solutions, most common but others are available
(Methanol, Ethanol)

 Water should be PH neutral

* Final solution sample should be provided to Engineer/Owner’s
representative

* Retest after borehole, supply and return manifold connection




High-cost adders

* Oversized geothermal borefield

* Additional boreholes add substantial costs

* Unequal balance of loads - Hybrid system application can reduce total borehole.
Reduces total boreholes required for cooling/heating load imbalance without efficiency
reduction.

 Enhanced grouts in low TC/TD soil - remember the actual geology is the limiting factor

» Excessive scope on the GSHP HX installer

* Glycol injection by loop contractor - third party contractor can reduce overall risk and improve
quality

e Interior building supply/return manifold by loop contractor - not always done when GXHP is
installed and can add additional time, costs for return travel.

« System sensor and data collection

* These systems are proven so no need to add costs for data collection - not a science
experiment




GXHP Design software

« GLD - www.groundloopdesign.com

 Loop Link Pro - https://looplinkpro.com
 GSHPCalc - www.geokiss.com

 GLHEpro - www.IGSHPA.okstate.edu

e EED - www.buildingphysics.com

« ECA - www.elitesoft.com/web/hvacr/ecaw.html
*  Wright-Loop - www.wrightsoft.com

 (Geofease - https://geofease.com/home/

Not an endorsement of software. For information purposes only



http://www.groundloopdesign.com/
https://looplinkpro.com/
http://www.geokiss.com/
http://www.igshpa.okstate.edu/
http://www.buildingphysics.com/
https://geofease.com/home/

Audience objectives

 Who can tell me the definition of meaningful specification?

 Name two specifications that will help protect the owners and
contractors of the project

 What information can a thermal conductivity test give the
bidders?

« How many in the audience have experienced any of the high-
cost adders we reviewed?




Thank you

Mike Kapps
www.climatemaster.com

mkapps@climatemaster.com



http://www.climatemaster.com/
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