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EXECUTIVE SUMMARY 

Buc han, Lawton, Parent Ltd. was engaged by the Canada Mortgage and Housing 
Corpora tion (CMHC) to examine the effecti veness of low-cost ven ti l ation 
systems in reducing moisture prob lems in houses in Mari time c l imates. A 
six un i t  row house b lock in  Dartmou th, Nova Scoti a  was the subject of the 
study. T he three different ven ti l ati on systems that were insta l l ed in 
separate interior uni ts are: 

- a humidistat  control led bathroom ex haust fan , 
- a humidis tat  control led through- the-wal l  fan moun ted in the ki tc hen, and 
- a who le  house fan, a lso control led by a humidistat. 

0·1er a one year period, temperature and hum idi ty data in the houses was 
recorded on a continuous data acquisi tion sys tem. Monthly readings of 
fue l ,  power and water consumption were taken. On a quarterly basis, 
deta i led inspecti ons were carried ou t by Buchan, Lawton, Parent Ltd. 
personne l .  S tructural wood moisture content was measured monthly at two 
permanently moun ted stations in eac h house and at a number of probe 
locati ons c hecked during the quarterly inspection visi ts.  

A l l  houses had evidence of moisture prob l ems that cou ld  be associated wi th 
high interior moisture leve ls .  These inc l uded mou ld  growth on window 
frames and in some areas of the cei l i ngs. A t  the ti me of selection, none 
of the un its were suspected of having s tructural prob l ems resul ting from 
moisture co l lection. 

The findings of the project were that  a l l  three fan ins ta l lations were. 
somew hat effective in l im iting exposure of the house to hig h  interna l 
humidi ty l eve ls .  There was not a c lear l i nk between control of humidi ty 
and reduction of those mois ture prob lems evident in the houses. 

No areas of severe moisture col lection were found in the original structure 
of the bu i l ding. In fact, moisture con tent leve ls  wi thin the measurement 
range of the ins trumentati on on ly noted, a t  ti mes, that  the external 
hum idi ty l evels  were very hig h. 

There was one area w here moisture co l lection did seem to be tak ing p lace. 
This was where the original s l iding g lass doors in the rear of the uni ts 
had been rep laced a number of years prior to the study. In this area, the 
exterior pane l ing was painted plywood and i t  is suspected that moisture i s  
penetrati ng from the ou tside rather than the insi de. 





1 .0 I NTRODUCTION 

Canada Mortgage and Housi ng Corporation (CMHC), with i t's mandate to 
promote improvement in the qual i ty of the internal and external aspects of 
both new and existi ng housi ng, is very i nterested in  the control of 
moisture rel ated problems in  houses. These probl ems, which range from 
mou ld, mi l  dew and water staining to severe structural problems caused by 
the accumu lat ion of water in structural materi als, have been part icu larly 
severe in Eastern Mariti me c l imates. Some of these prob lems have been 
traced to external moisture sources such as wind-driven rain and others are 
the resu l t  of high l eve ls  of internal hum idi ty. 

Internal hum idity l eve ls can be control led ei ther by reducing the source or 
sources of water vapour in the house or by increasing the removal rate, 
usuaPy through a mechanical  vent i l ation system. One prob lem associated 
wi th the venti l at ion method is that heati ng the venti l ati ng air increases 
the energy requ irements of the house. There has also been some concern 
that , in certain  env ironments, high ambient hum idity l eve ls may reduce the 
drying potenti al of outdoor ai r to a point that very high leve ls  of 
venti l ation and therefore energy use, are required or, in  the worst case, 
the reduct ion of internal hum idity by pure venti l ation is not possi b le. 

A number of methods exist for reducing the energy pena l ty of heati ng 
venti l ati ng air.  One commonly app l i ed is the use of Heat Recovery 
Venti l ators (HRV) which recover a port ion of the heat in the outgoing 
exhaust ai rstream and transfer it to the incoming vent i l ati on ai rstream. 
These systems can be relative ly  expensi ve. Another method is to forego the 
possi bi l ity of heat recovery but to ensure that venti l ation is onl y  used 
when necessary. Essenti al ly, this can be done with a venti l at ing system 
that is turned on by a hum idity control ler on ly when hum idi ty l eve ls  go 
above a preset leve l .  This approach cou ld  be as simple as insta l l ing a 
hum idity control ler on an existi ng system such as a bathroom exhaust fan or 
as complex as the insta l l ation and app l i cation of whole house venti l ati ng 
systems. 

CMHC was interested in determini ng if such lower cost, humidistat 
control led power venti l at ing systems were an appropriate sol uti on for 
solving moisture prob lems in houses in mariti rr0 c l imates. CMHC engaged 
Buchan, Lawton, Parent Ltd. to car ry out the study described i n  this 
report. In this study, three venti l at ion systems were insta l led in  
separate uni ts of  a row housi ng deve lopment in  Dartmouth, Nova Scotia: a 
hum idistat control led bathroom fan , a humidistat control led wal l fan 
mounted i n  the kitchen, and a hum idistat control led whole house fan (Aston 



2000) which had exha ust p ickup on each of the b 9sement , first and second 
f loors.  

I n  each of these houses p l us three control uni ts ,  temperat ure, h umidi ty and 
fan stat us were moni tored over a year l ong period with a micro-processor 
control led data a cq uisit ion system . Energy use data was col l e ct ed on a 
monthly basi s by l o ca l  personnel .  On a q uarterl y  basi s ,  detai l ed house 
inspections, inc l uding a s urvey of moisture content in bui l ding materials,  
was carried out by Mark Lawton, P.Eng. of B uchan, Lawton, Parent Ltd. 

The approach used in  the proj ect had some advantages and disadvantages 
which were recognized from the beginning of the project. The major 
advantage is one of economy. By usi ng the si x adjacent row uni ts i t  was 
possi b le  to insta l l  a si ng l e  data acquisit ion system and col lect conti n uous 
data on variables such as humidi ty and temperat ure i n  al l uni ts. There 
were also other economies ga ined in performing the si te visi ts due to the 
convenience and f lexibi l i ty of having the test uni ts in one location. 

The un its were of identi ca l  f loor p lan providin g  the opportunity of 
compari n g  data on uni ts of si m i lar physi cal characteristics. Two uni ts 
were end un i ts and were somewhat di fferent but the four interior uni ts 
were identi ca l .  

Whi l e  al l the ho uses had some evidence of "moisture prob lems" none co ul d  be 
classi f ied as severe. This made the test uni ts representative of a l arger 
porti on of mariti me housi ng but reduced the l ikel i hood of fi ndin g  dramat ic 
visi b le  evidence of a red ucti on of probl ems d ue to the effects of the 
fans. 

The project did not incorporate a quanti tat ive meas urement technique for 
eva l uati n g  the most common "moist ure prob l em "  noted wh ich is biol ogica l  
agents such as moul d  and f ungi .  The project rel ied on  qua l i tative 
j udgements of visi b l e  evidence. This reduced the l i ke l i hood of 
establ ishing a c lear l i nk bet ween moul d  growth and meas ured data such a s  
humidi ty. 



2.0 OBJECTIVES 

The objecti ves of the proj ect descri bed in this report were two-fold. 

I .  To determine whether the hum idistat control l ed exhaust fans instal led 
for the study were effective in control l i ng humidi ty l eve ls  i n  the 
houses. 

2. To determine whether the control led hum idity had a s igni f icant 
impact on the extent and severi ty of moisture related probl ems i n  
the houses. 





3.0 PRO JECT DESCRIPTIO N 

3. 1 Th e Test Units 

The test un its consisted of a b lock of six attached pub l i c  housing uni ts i n  
the Victoria Road Project managed by the Dartmouth Housing Authori ty. 
These units were selected after an in it ia l  screening of three si m i l ar 
housing b locks. The particu lar b lock was chosen because the uni ts showed 
si gns of high moisture leve l s ,  had occupants which were receptive to the 
project and were, according to the Housing Authority ,  a good group of 
tenants. 

These test uni ts ,  numbered 42 through 52 on Scoti a Court , were attached 
units staggered in pai rs down a s l ight incl ine (see F igure 3.1). They were 
identi cal  two storey , three bedroom uni ts with the adjacent uni ts having a 
reversed layout. F loor p lans are shown in Appendix A. 

The un its were bu i l t  in  the ear ly  1 970s and have had some minor renovati ons 
si nce then. 

Some addi tiona l insu lati on had been b lown into the atti cs. The uni ts 
original ly  had sl i di ng gl ass patio doors off the l iving rooms, but these 
had been removed a number of years prior to the test progran :i. The windows 
were, effective ly ,  trip le  g lazed. There were newer vinyl doub le  g lazed , 
horizonta l ly sl i di ng pane windows on the interior and ol der si ng le g lazed, 
horizonta l l y  s l i ding a luminum panes on the outside. 

The uni ts were wood frame constructi on on a ful l concrete basement with 
masonry party wal ls. The interior f inish was drywal l  and the exterior 
sheathing was gypsum covered by a luminum si ding. The wal l cavities were 
i nsulated with 90 mm paper-backed f ibreg lass batts. There was no 
polyethylene ai r/vapour barri er in the wal ls. The pitched roof structure 
was made with F ink trusses. The roof cei l i ng has a pol yethylene ai r/vapour 
barrier , 90 mm paper-backed f ibreg lass i nsu lat ion batts and was covered by 
an additi onal I 00 mm of b lown l oose-fi l  I insu l at ion. The attic space was 
vented with soffit vents which were cleared free of the l oose insu lati on at 
every second or third truss. The exteri ...... ; doors were wood with a lum inum 
storm doors. 

The un its were heated with forced-air ,  o i l -fi red furnaces and had e lectri c 
hot water systems. None of the uni ts had venti l at ion fans prior to the 
test program. 
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3.2 The Test P rogram 

Fans were instal led in three interior uni ts.  

Unit Fan Type 

46 Aston who le  
house fan 

48 Bathroom fan 

50 Wal l fan 

Locati on 
of Fan 

Basement, in lets i n  
basement and in  I s t  
and 2nd f loor ha l I ways 

Bathroom 

Kitchen 

Locati on of 
Hum idity 
Control I er 

I st fl oor hal l 

Bathroom 

1 st f loor hal l 

Measured 
Capacity 

l/s I AC/h 

42/.4 

2 0/.2 

53/ .5 

The Aston whol e  house fan was mounted i n  the basement . A five inch duct , 
mounted in  the basement header, exhausted the ai r to the outsi de. Three 
f ive inch diameter in let ducts draw air from the house. One in let was 
located i n  the basement and covered with a screen f or protection. The 
other two in lets were located i n  the central hal lways of the first and 
second f loors. The duct ing to these in lets was run through vert ical l y  
a l igned closets. A l l  hoods and supp l i es were inc luded in  the insta l l ation 
kit and provided f or a rel at ive ly neat and c lean insta l l ation. 

The bathroom fan was insta l led in a very conventional manner. The fan 
i tse lf  was mounted in the cei l i ng of the bathroom and three inch ducti ng 
was run through the atti c to a soffit exit .  

The wal l  fan, mounted i n  the kitchen, required a l i tt le on-si te ingenuity to 
provide an adequate insta l l at ion. The fan , approximately eight i nches in 
diameter, was insta l l ed in  a hol e  cut in  the ki tchen wal l .  The manua l l y  
operated damper and switch suppl i ed with the fan cou ld  not be used i n  
automati c operation. A fabricated fl apper-type damper was insta l l ed o n  the 
outside of the fan in a rectangu lar duct secti on. This was goosenecked 
down to provide some protecti on from the wind. Even with this damper, col d  
a i r  l eak ing through the damper and conduc.. :ve heat loss through the fan assembly 
itsel f  lead to complaints from the tenants. To a l l eviate this problem, an 
interna l ,  baffled cabi net with a second damper was fabricated and 
i nsta l l ed duri ng the February si te visi t .  This cabinet met the approval of 
the tenant, a l though in very windy conditions, there was sti l  I a detectabl e  
draft coming from the fan. 



A l l  three fans were insta l l ed by the same contractor and, therefore, i t  is  
somewhat difficu l t  to make a precise spl i t  between the insta l l at ion costs 
of the three fans. A good esti mate wou ld  be: 

- Aston fan: $ 720 
- Kitchen fan: $ 325 
- Bathroom fan: $ 550 

The three uni ts whi ch did not have fans were used as control uni ts. Two of 
these were end uni ts ,  numbers 42 and 52, bul one, number 44, was an 
Interior un i t  i denti cul to the un i ts wi th fans. 

Four types of data were co l lected: 

the results of one-time tests to determ ine house air leakage rates and 
chimney backdraf t data; 

2 on a month l y  basis,  fue l ,  power water consumption, and fan run time were 
recorded, and the moisture content of wal I studs were checked at two 
permanent l y  mounted stations ; 

3 in-house rel ati ve hum idity leve ls, temperatures and fan oper ating ti mes 
were moni tored on a continuous bas is  by a data acqu isi tion system ; 

4 quarter l y  si te visits were carried out to perform house inspections, 
assess changes in occupancy, locate moisture problems and to check and 
ndjust i nstr um entati on . 

The fans and instrumentati on were ins ta I l ed in  December of 1 984 but the 
fans were not turned on at this ti me. The intenti on was to gather data 
with the systems not operat ing for one month after the insta l l at ion. The 
insta l l ati on contractor di d not instal l  l ock boxes on the fan controls as 
requested. As a consequence, one tenant, in uni t  46 with the bathroom fan, 
did operate the fan during this peri od. 

After mid-January 1985, the humidi ty control l ers were set to turn the fans 
on when the relat ive humidi ty went above a l evel of approximately 
forty-five percent. Inaccuracies and drift  wi th the humidity contro llers, 
and some uncertainty �ith the accurac)' .:>f the humidity sensors, created some 
prob lems achieving this intenti on. It was found that one fan , in uni t  46, 
operated for an inordinate l ength of ti me whi l e  the other two rarely 
operated. Because of the rel ati ve ly l ow rel ati ve humidities in  the houses 
during the l ate winter, a high l eve l of fan operation was not to be 



expected. In the spr ing,  warmer te ,mperatures and higher exterior abso lute 
humidit ies were expected to, and did, increase indoor rel ati ve hum idi ti es 
and fan operat ing ti me. 

Over the summer months, the l ock boxes were taken off the fan control l ers 
so that tenants coul d  operate the fans manua l l y. 

The operation p lan for the fal l and earl y  winter months was adj usted in  
order to  ensure meaningful data acquisi ti on over this criti cal period 
when co ld  outdoor temperatures and the emmission of moisture stored in the 
bu i l ding materials cou l d  be expected to create the highest leve l of 
moisture probl ems. · The hum idistats were re-set and l ocked in September of 
1 985. A key to the l ock boxes was l eft with the on-si te employee and the 
period between the changing of the data co l lecti on di scs was reduced to one 
week. When a data disc was received by Buchan, Lawton , Parent Ltd., it was 
reviewed and instructions for adjusti ng the hum idi ty control lers were 
relayed back to the on-si te employee by telephone. The goal  was to get the 
hum idity control l ers set to a consistent leve l in the three houses and to 
gradua l ly reduce the hum idity setpoint as outdoor temperatures dropped. 

With this operation p lan ,  a l l  fans operated for a si gnif icant amount of 
time over the fal l peri od a l lowing ana lysis on thei r abi l ity to l imit high 
rel at ive hum idity l eve ls  in the house. 

3.2. 1 One-Time Tests 

Fan Depressurization 

The main reason for fan depressurization tests was to verify that a l l  uni ts 
had si mi l ar ai r leakage characteristi cs. 

Whi l e  a l l  si x uni ts were tested in accordance with the C GSB Draft Standard 
CAN 2- 1 49. 1 O-M85 Determination of A ir-T ightness of Bui l dings by the Fan 
Depressurizati on Method, these results should not be compared to other 
tests by this procedure.  No attempt was made to depressurize the un i ts 
adjacent to the ones being tested. This wou ld  be the correct procedure 
when testi ng multi pl e  attached uni ts which do not have an ai r barri er in  
their  common wal ls .  Because of the added ti me and expense, and because 
numerical  leakage data was not cri ti cal  to the project, this more elaborate 
procedure was not proposed in the init ial  Statement of Work. 

The only intenti onal openings sealed for the test were the oil furnace 
chimneys. 



Whil e the un i ts were depressurized to 30 pasca ls, the areas of ai r l eakage 
were l ocated usi ng a smoke penci l . 

The fan unit used for the test inq  was a Retrotec model RDF 50 I .  The 
cal i brati on of the uni t  is checked once yearl y, and has not requ ired 
correcti on. 

Backdraf t Tes ts 

Backdrafti ng testi ng was performed to determine i f .  the exhaust systems, 
incl udi ng the insta l l ed fans, were powerful enough to backdraft the furnace 
chimneys. 

Because C MHC's Combusti on Venti l ation Safety Check procedure was not yet 
fina l ized at the ti me that the backdraft testi ng was performed, this draf t 
procedure was used onl y  as a gu ide in  formulat ing the three part test 
methodol ogy. This methodo logy is out l ined bel ow. 

Part I - C himney and Oi l Furnace I nspect ion 
Each chimney and app l iance was inspected in order to identify any 
mal functi ons caused by wear or poor maintenance which cou ld affect 
the backdraft test resu l ts. Furnace eff iciency tests were 
performed on al I furnaces . 

Part 2 - Furnnr.P. Room Vent/Pressur e  T est 
W ith the depressurization fan's manometer and four exterior 
pressure averaging tubes left in  place after the fan testi ng, the 
indoor/outdoor pressure difference was measured with the house 
exhaust app l i ances and furnace bl ower operating. These 
di fferent ia ls  were then compared to the C MHC accepted l eve ls  or 
Maximum A l lowab l e  Depressurizati on (MAD) levels.  In addition, the 
depressur izati on fan was used to produce and measure the pressure 
requi red to backdraft f lue of the forced-air furnace in both col d  
and hot condi tions . 

Part 3 - Furnace Room Spi l lage Time 
A backdraft condition with a .:ol d  f lue was induced wi th the house 
depressurized by the door fan . The furnace was turned on and the 
time taken to overcome the backdraft condi tion recorded. 



3.2.2 Month l y  Data Read ings 

The fol lowing data was metered or measured once each month throughout the 
mon itoring per iod. 

To assess the heat i.ng, e lectrica l and water requ irements of the bu il dings, 
fue l ,  e lectr ical and . water meters were read. Kent l ow f low fue l meters 
were ins ta l l ed on the fue l o il l ines for the test program. E lectr ical 
power and water consumpt ion were metered by the ex isting util ity meters. 

Fan run- time meters, insta l led with each of the three fans , were read 
month ly and served as a cross check with the con tinuousl y  monitored 
run times obta ined by the data acqu isit ion sys tem. 

Power psychrometer read ings of relat ive hum id ity were taken at each of the 
hum idity transm itters of the data acqu isition sys tem . These va l ues, and 
the correspondi"ng times at wh ich they were taken, were used as a check on 
the va lues from the continuous record ings. 

Two moisture stations con ta in ing electr ica l resistance pins and a 
thermocouple were pl aced in the wal l  studs of each un it (see F igure 3. 1 )  
and read with an Del mhors t BD-7 el ectr ical res is tance moisture meter and 
d igital thermometer. The stat ions were p laced in the f irs t floor exter ior 
wa l l  beneath the k itchen cupboard (predom inan t windward side) and the 
second f loor exter ior bedroom wal l  (the l eeward side). See Appendix A for 
l ocations . 

3.2.3 Continuous Recording of Data 

Temperature and rel ative hum id ity were cont inuousl y  monitored at a central 
l ocation in each basement and second f loor (see Append ix A). The three fan 
run times and the outdoor temperature were a l so recorded. 

The' continuous mon itoring was done with a Sciemetric 8082/IBM PC data 
acqu is ition sys tem wh ich was ins ta l l ed in the basement of un it SO. The 
Enercorp temperature/re lat ive hum idity sensors were scanned about every 30 
seconds and the ir va lues were averaged and stored hour ly  for al l 403 days 
of the mon itoring period. T b� sys tem automoticol ly compu ted doil y  overages 
and do il y  maximum and m in imum va lues . Computer diskettes were changed once 
month ly for mos t of the program and returned to Buchan, Law ton, Parent 
L td.'s off ice for anal ysis.  During the fal l and winter of 1 985, this 
frequency was increased to once per week. 
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To ensure the accuracy of the readings, the ca l ibrat ion of the Enercorp 
sensors was checked at each quarterly s ite inspect ion aga inst the readings 
from the power psychrometer. At the end of the proj ect, the Enercorp 
sensors were returned to the manufacturer for cal ibrat ion (see Sect ion 
5.0.) 

3.2.4 Inspections 

The un its were inspected dur ing  each of the f ive site visits by Buchan, 
Lawton, Parent Ltd.  personnel .  The f irst visit occurred when the 
monitoring equ ipment was insta l l ed in December 1 984 and then at each 
subsequent three month interva l dur ing the ensuing year . 

The purpose of the regu l ar inspect ions was to l ocate moisture problems and 
document changes in occupancy or house events which cou ld  increase or 
decrease the house moisture generat ion or dissipation. The visits also 
served to identify or correct any discrepenc ies or prob lems with meters or 
instrumentat ion. 

3.2.5 Hum id ity Samplers 

One procedure, which was somewhat beyond the tr ue object ives of the 
program, invo lved the use of some experimental time-averaged hum idity 
sampl ers that were manufactured by Buchan, Lawton, Parent Ltd. These 
sampl ers were based on others deve loped at the Lawrence Berkley Labs and 
were effect ive l y  a dos imeter-type sampler measur ing t ime-averaged exposure 
to absol ute hum idity. I f  such sampl ers have the potential to be rel iabl e  
and accurate, they cou l d  be very useful in the exam inat ion of moisture 
prob lems in houses. They measure an average hum idity l eve l wh ich is, 
perhaps, more useful  than single po int measurements and they are relat ively 
inexpensive and simple  to fabricate, use and analyze. I n  many cases, they 
coul d  be used instead of much more expensive and del icate cont inuous 
record ing equ ipment . Because of their simpl icity, they coul d  be depl oye .d 
and handled by homeowners or relat ively untrained on-site personne l .  

The use of the sampl ers dur il"'l this project was pr imar il y undertaken to  
ga in experience with the ir f ie ld use. W ith th is f ie ld  use, carried out in 
conj unction with much more detail ed l ab testing on accuracy and the range 
of appl icat ion, the viabil ity of this type of sampl ing method cou ld  be 
determ ined. 



The samp l er s  were dep loyed for one week periods each month,  corresponding 
to month ly  data col l ect ion dates by l ocal per sonnel . One samp l er was 
deployed near each Enercorp hum idity sen sor prov iding a compar ison of the 
two sampl ing methods. Additional capped control sampler s  were al so 
depl oyed to determ ine if there was any sign if icant weight change in the 
sh ipping and handl ing process which wou ld  force the questioning  of the 
analyzed ab so l ute hum idity exposure. 

After expo sure, the samp l er s  were capped by l oca l per sonne l  and sh ipped 
back to Buchan, Lawton, Parent L td.'s Ottawa off ice for re-weighing and 
anal ysis. 



4.0 F INDINGS 

4. 1 One-T ime Tests 

4. 1 .1 Fan Depressuri za tion Tests 

The resu l ts of the fan tests are summarized in the fol lowing tab le. L isted 
are the a i r  change rates per hour (AC/hr) at 50 pascals pressure 
d ifference, the equiva lent  l eakage area (ELA) at I 0 pascals pressure 
d ifference, and the correlati on of the. data .  

Tab l e  4. 1 . 1  Fan Test Resu l ts 

Un it AC/hr ELA Correlati on 
No. @ 50 pa (m2) of Data 

42 5.65  0.074 .998 
44 7.45 0.077 .994 
46 7 .92 0. 1 08 .999 
48 5.83 0. 1 72 .998 
50 7.46 0. 1 1 3  . 996 
52 5.64 0.071 . 998 

Whil e  the interior un its, in general ,  have h igher tes t  f igures,  part of 
the ir  tes ted air leakage was com ing from the adjacent un its through common 
wa l ls .  

The va l ues may be l ower in  un it 48 because 
were sea led over w ith tape by the tenants.  
been seal ed with pol yethylene and tape. 

mos t  of the operable  w indows 
In uni t  42, mos t  windows had 

In general ,  the a ir l eakage characteris tics of al l uni ts were si m il ar.  The 
same sources of a ir l eakage were common to a l l  un its. These included: 

- around doors and operabl e  windows, 
- atti c hatches, 
- sil I pl ates, 
- wal l  penetrations, and 
- from the common wal ls of the adjacent un its. 



4. 1 .2 Backd raf t Tes ts 

Tab l es 4. 1 .2 and 4. 1 .3 l ist the resu lts from the backdraft tests. Tab le  
4. 1 .2 shows house depressurizat ion when the furnace blower, the clothes 
dryer, and the insta l l ed exhaust fans were operating. 

Tab l e  4.1.2 Depressurization f rom Ventilation and Exhaust Appl iances 

Unit Furnace Blower C lothes D ryer & 
No. (Pa) Insta l l ed Exhaust Fan 

(Pa) 

42 0 
44 0 
46 0 2 
48 0 I 
50 0 3.5 
52 0 

In  un its 42, 44 and 52, there was no not iceab le change in house pressures 
with the exhaust appl iances operat ing. None of these un its were equ ipped 
with exhaust fans. The clothes drye r  in un it 44 vented indoors and the 
ope rat ion of the clothes drye rs in un its 42 and 52 seemed to contribute 
l itt l e  to house depressur izat ion. 

In no cases were the col d  chimneys bockdraf ted by the operating exhaust 
systems, and in no cases were the Max imum A l l owab le  Dep ressu rizat ion (MAD) 
l imits of 4 pa, as out l ined by C MHC's Combustion Vent il at ion Safety Check, 
exceeded. 

Tab l e 4. 1 . 3 shows the l evel of depressu rizat ion that was requ ired to 
backdraft the co ld  and hot chimney of the oil furnace and the t ime taken 
after furnace start-up to ove rcome the col d  f l ue backdraft. 



Tobie 4. 1.3 Bockdroft P ressures and Recovery T imes 

Unit P ressure Requ ired to Bockdroft T ime to Re-establ ish 
No. Cold F l ue Worm F lue Draft 

(pa) (po) (sec) 

42 9 22 1 0  
44 9 3 5  5 
46 1 2  35 25 
48 I I  35 20 
50 1 2  33 5 
52 23 

These h igh pressures substant iate the fact that the exhaust systems are not 
powerful  enough to depressurize the houses and backdraft the cold  fl ues. 

The D artmouth Housing Authority hos ment ioned sporadic coses of 
bockdr afting and backpuff ing upon start-up. I t  is assumed that these cases 
were due to wind effects. In  four of the un its , the barometric dampers on 
the furnace f lue p ipes had been secured shu� by the furnace serv ice people .  
The mainten ance m anager of  DHA was not if ied that th is pr act ice is not 
recommended. 

4. 1 .3 Furnace Eff ic iency 

The furnace eff icienc ies on al l six un its were measured w ith a Bochar ach 
furnace eff iciency k it. The stack temper atures were measured with a 
thermocoup le  and a "Tempmoster" digital thermometer. 

A l l  furnaces were Fawcett model OL I 06 r ated at I 06,000 BTU with F awcett 
oil burners Model OB3 rated to 1 .00 US gph . 

An inspection of the heat ing systems revealed that the f l ues on al l 
ch imneys were free of obstruct ions, a l l  warm air f il ters were clean and the 
f an be l t  adjustmer ... s were acceptab l e. 

There were no test hol es in any of the furnace f l ues to indic ate that 
serv ice personnel were perform ing furnace eff iciency tests. 

Barometric dampers were not operat iona l  on the furnaces in un its 42, 44, 
50, and 52. They were wedged shut by sheet metal screws. A discussion 



with a representati ve of Fawcett furnaces, Sackv il le, N.B., revealed that 
·servicemen someti mes resort to th is tacti c to ma intain a strong cool f lue 
draft so as to 

·
prevent spil l oge of smoke into the house upon start-up. The 

furnace standby or cool fl ue drafts were measured as being in the range of 
• I 0 to .15 inches of water with the barometri c dampers free. 

A l l  furnaces were tested under fair ly  h igh winds. 

The resu l ts of the furnace eff iciency tests are contained in Tab le  4. 1 .4. 

Tabl e  4. 1 .4 Eff iciencies of Oi l-F ired Furnaces 

Unit No. 

42 
44 
46 
48 
50 
52 

Furn ace E ff i ci enci es (%) 
Barometri c Damper Held Shut 

66 
57 

65 
54 

Barometri c D amper Free 

75 
69 
73 
69 
74 
70 

The gun-type burners on these furnaces shoul d  have co2 readings between 7% 
and 9%, and furnace efficienc ies above 75%. 

If the barometri c damper on a furnace is not operat ional ,  w ide fl uctuat ions 
in the combusti on ai r vol ume and, therefore, the eff iciency are to be 
expected. 

4.2 Monthly Data 

Fue l ,  e lectricity and water meters were read once month ly. This metered 
data was used primari l y  to verify or corroborat e house occupancy data, and 
to determine if  the fan operat ion was having a not iceab l e  effect on heating 
fue l consumpt ion. 

4.2. 1  Occupancy Data 

Tab l e  4. 2. 1 l ists the occupancy data for a l l  si x uni ts.  The el ectr ical  
consumpt ion and water use was metered via the munici pa l  e lectr ica l  and 
water meters. Low water and el ectrical consumpti on f igures for un it 42 



Tabl e  4.2. 1 Occupancy Data 

Unit No. of E l ectrica l  Water Average Notes: 
No. Occupants Consumption Consumption House 

(KWh/day) ( I /day) Temp.* 0c 

42 3 1 8.2 45.0 20.3 House empty during day; 
Thermostat l ow 

44 4 33.4 80.0 21.8 Three occupants are students 
( I  adu l t ,  2 chi l dren) and 
one occupant works 

46 4 36.1 74. 1 22.8 One adu l t  and baby at 
home duri ng day 

48 5 27.4 65. 5  24.0 Both adu lts home during day 
and chi I dren are sc .hool age 
Thermostat high 

so 4 33.2 88.2 22.6 Both adul ts usual ly home 
dur ing day 

52 4 34.7 60. 9  23.7 Two of three adul ts home 
during day; chi l d  school age 

* These were second f loor temperatures averaged over the si x coldest months of the year. 



ref l ect its l ow occupancy rate. The monthl y  breakdowns of occupancy data 
are incl uded in Appendix B. 

4.2.2 F uel  Consumption 

Tab l e  4.2.2 l i sts the metered f uel  cons umption for each uni t  over each of 
the monitoring periods. I t  a lso l ists each uni t's average second f loor 
tem perat ures over six of the coldest moni tori ng periods. 

In  un it 44, the original ly  ins ta l l ed oi l meter did not functi on. I t  was 
changed hal f  way through the mon itori ng period. In un it 50, the meter 
ceased f unct ion ing near the end of the program and was not changed. The 
f ue l  cons umpti on data for these uni ts was extrapol ated from the avai lab le 
data and i t  is fel t that these va l ues are good esti mates. 

The h igh f uel  cons umpti on in uni ts 48 and 52 coincide �ith the higher 
temperat ures which are kept insi de these units. Uni t 52 is a lso an end 
un it wi th the addi ti onal exterior wal l .  Uni t 42, the other end uni t, has 
substanti a l l y  l ower fue l  cons umption f igures than uni t  52 because i t  
maintains an average ins ide temperat ure of 3°C lower. 

The l ow fuel  cons umpti on in un it SO was ori gina l l y  suspect even though the 
un it was mainta ined at temperat ures be l ow the two adj acent uni ts and, 
therefore, coul d have been "borrowing heat" from them. However, after 
d iscussions with the tenant regarding the amount of oi l purchased and the 
f urnace operati ng practi ce (they us ua l ly shut off the f urnace at r:iight), it 
was concl uded that the meas ured val ues were probabl y  va l id. 

From the data in Tab le  4.2.2, one cannot detect a corre lat ion be tween those 
un i ts with fans and h igh f ue l  consumpti on . The amount of energy l os t  
through fan operat ion can be estimated from fan runtime, flow, and the 
difference between indoor and outdoor temperat ure by the equat ion 

Q = densi ty x V x 3.6 x C x (Th - T b) x stat us p ouse am 

where 
Q is en ""rgy (kJ) 
densi ty is densi ty of air (1.3 kg/m3) 
3.6 is conversion from l /s to m3 /h 
C is specif ic heat of ai r (I k J/kg°C) 
T

h
p 

- indoor temperature (°C) ouse 
T amb - outdoor temperature (

°C) 
s tatus is the rat io of on- ti me of the fan (hr/hr) 
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Ta ble 4.2.2 .  Fuel Consumption 

Monitoring Peri od Degree Litres/Period L it res/Degree Days 

* 

Days i n  
Pe riod 

42 44 46 48 50 52 42 44 46 48 

Dec. 9 - Jan. 8/85 590 228 * 1 80 362 22 1 339 .39 - .30 .6 1 
Jon. 8 - Feb. 1 /85 608 237 * 278 354 1 48 363 .39 - .46 .58 
Feb. I - Feb. 22/85 486 1 78 * 2 1 0  266 1 1 2 299 .37 - .43 .55 
Feb. 22 - Mor. I 0/8S 339 1 1 9 * 1 5 1  1 9 1 46 206 .3S - .44 .56 
Mor. 1 0  - Ap r. 9/85 S39 1 80 * 242 297 1 68 3S3 .33 - .4S .SS 
Ap r. 9 - Moy. I 5/8S 457 1 32 * 135 247 120 335 .29 - .29 .54 
Moy. I S  - June 1 2/85 1 5S 3 1  * 4 68 ** 87 .20 - .03 .44 
June 1 2  - Ju ly 1 7/85 96 20 1 3  0 4 1  ** 59 .2 1 . 1 3  0 .42 
Jul y 1 7  - Aug. 22/8S 20 2 0 0 0 ** 1 2  • I 0 0 0 0 
Aug. 22 - Sept. 17 /85 85 16 0 0 2 ** 44 . 19 0 0 0 
Sept. 1 7  - Oct. 1 5/85 1 24 43 8 2 1  48 * 82 .3S .06 . 1 7  . 1 7  
Oct. I 5 - Nov. 1 9  /85 4 1 5  1 40 1 27 1 56 1 9 1  * 264 .34 .3 1 . 38 .46 
Nov. 1 9  - Dec.  1 6/85 537 1 89 270 205 270 * 329 .35 .so .38 .50 
Dec. 1 6  - Jon. 1 6/86 730 272 304 295 342 * 333 .37 .42 .4 0 .47 

Tota ls Sl 8 1  1 787 1 700 1 676 2678 1 300 3 1 06 .34 .33 .32 .S2 

Fue l meters stopped registering f lows and were changed; total fuel consumption 
figu res for un its SO and 44 were f rom ext rapolat ion of avai l able  fue l data. 

** F urnoce shut off. 
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This can be converted to equiva lent l i t res of oi l by usi ng the conve rsion 
factor and assumed eff iciencies of J 1.2S kwh/ l i t re of oi l and 70%. 

Tabl e 4. 2.3 shows the cal cu lated heat l oss through the fans for periods 
co rrespondi ng to fuel meter data.  This cal cu lati on was done with hourl y  
average data for tempe ratu res and fan ope rat ion ti mes. One can see that 
the percentage of fuel consum pti on att ri but abl e to  f an ope rat ion is smal l ,  

Table 4.2.3 Calcu lated Energy L oss Through Fans 
(Lit res O i l  Equ iva lent I % of O i l  Consumed) 

House F low 46 48 so 
Rate (l /s) (Aston) (bathroom) (k i tchen) 

Pe riod 
Dec 9 - Jan 8 1 6.S/9. I • I /0 0/0 
Jan 8 - Feb I 2.4/.9 .3/. 1 0/0 
Feb I - Feb 22 2.2/ 1 . I 3 / 1 . 1  0/0 
Feb 22 - Mar 1 0  0/0 4.S/2.3 0/0 
Mar 1 0  - Ap r 9 . I /0 1 2.2/4. 1 . 1 /0 
Ap r 9 - May I S  . I/. I 1 6.3/6.6 0/0 

Sep 1 7  - Oct I S  2.9/ 1 3.8 2 .3/4.8 1 6.4/* 
Oct I S  - Nov 1 9  3. 7 /2.4 . 8/.4 5/* 
Nov 1 9  - Dec 1 6  3 .2/ 1 .S 1 . 2/.S .5/* 
Dec 1 6  - Jan 1 6  0/0 1 .6 /.5 .3/* 

Annua l 3 1 . 1 / 1 .9 42.3 / 1 .6 22.3/* 

*fuel meter defective 
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4.3 Continuous Hum idity and Fan S tatus 

The data acqu isit ion system measured the rel at ive hum idity and temperat ure 
at two po ints in each un it as wel l as .fan runtimes and outdoor temperature. 
The system automatical l y  ca l cu lated and recorded hour l y  and dail y averages 
of each reading over the 403 days of the monitoring per iod. This resul ted 
in a massive amount of raw data. Two analysis programs were written to 
prov ide manageabl e output from this mass of num bers. 

The f irst program c lassif ied the frequency distribut ion of the relative 
hum idities. The second program scanned through the data and pr inted out 
hour ly  informat ion for the per iod in which fan operat ing time was recorded 
and the hour before and the hour after. Exampl es of the output of these 
two programs are shown in Appendix C. 

In  an ideal  case, it wou ld  be expected that a hum idistat control led 
ventil ation system would  al ter the frequency distribut ion of hum idities by 
reducing or el im inat ing the number of hours dur ing which the rel at ive 
hum idity was above the control setpo int. I t  wou ld  a lso be expected that , 
for a relative ly h igh percentage of the t ime, the rel at ive hum idity wou ld  
be just bel ow the control setpo int . This is ii l ustrated in F igure 4.3. 1 . 

I n  real l ife, this ideal ized resu lt  cannot be expect ed because of factors 
such as : 

- moisture remova l capacity be ing l ess than that requ ired to stab il ize peak 
moisture generat ion rates , 

- reading error of the hum idity sensor caused by dr ift, hysteresis or 
sl ow reaction ti me, 

- control error caused by dr ift, hysteresis, sl ow react ion t ime and the 
effects of the differential  in setpo ints to turn the fan on and off, 

- local effects ; the hum idity control l ers were not mounted beside the hum idity 
sensors so that it cou ld  be expected that one cou ld  be sensing a different 
hum idity from the other. 

Buchan, Lawton, Parent Ltd. has sign if icant concerns about the accuracy of 
the rel ative hum idity sensors used in the project . This is detail ed in 
S"'ction 5.0. There is a lso sign if icant concern with the acc·Jracy <.11 1J drift 
characteristi cs of the simpl e hum idity control lers used to control fan 
operation. This added concern prompted an increase of effort in the 
cr it ica l fal l per iod of the project (Septem ber - Decem ber, 1 985). I nstead 
of retrieving data on a month ly  bas is,  the schedul e  was increased to a once 
per week basis. 



FIGURE 4.3.1 THE IDEAL EFFE CT OF THE HUMIDITY CONTROLLERS 
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The hum idi ty control lers were then adj usted based on the resu lts of the 
week ly data recording .  There was usua l ly a l ag period of approximately 
one week for  transport and analysis of the data disc. 

Figures 4.3 .2  through to 4.3. 7 show graphi cal representati ons of the frequency 
distribution ana lysi s.  Because of the above mentioned factors , the reader 
shou ld not put too much emphasis on the absol ute val ues of the hum idi ty 
readi ngs but rather focus on the distri but ion pattern. 

The frequency distributions shown are based on a compi l ati on of data 
gathering dur ing the cri ti cal  fal l peri od of O ctober and November. These 
graphs show the frequency distri buti on of hum idi ty l eve ls  and t he 
percentage of ti me that the fans were on (i .e., the hours of fan run ti me 
whil e the upstairs hum idi ty was wi thin the bin range divided by the total 
number of hours the upstai rs hum idi ty was wi thin the bin range). By 
examining these f igures ,  i t  can be seen that the operati on of the 
hum idistat control led fans did seem to skew the frequency distri buti on from 
a normal di stri bution.  

This effect can be more cl ear ly  demonstrated by p lotti ng the resu l ts on 
ari thmetri c probabi l i ty paper . I n  this type of representati on ,  the 
cumulati ve percentage: of the readi ng over the X-axis va l ue (hu midi ty) are 
p lotted. In this type of representati on ,  a normal curve wi l  I show as a 
straight l i ne.  F igures 4.3.8 and 4.3.9 show the upstai rs rel ati ve hum idi ty 
in this format comparing the resul ts for houses wi th fans wi th the control 
houses. These indi cate that i n  the control houses , normal patterns were 
found and ,  in the houses wi th fans operati ng , the curve was skewed. 

This wou l d  i ndi cate that the operati on of the hum idstat control l ed fans di d 
have the desi red effect of l i miti ng the amount of ti me that the household 
humidity was in  the higher ranges . The act ion of  the fans did not make a 
dramati c difference to the average rel at ive hum idi ty i n  the houses dur i ng 
this peri od ,  but rather , control l ed the peaks. From the perspe ctive of 
condensat ion ,  the abi l ity to l im it  the peaks is i mportant si nce condensation 
is a step fun ct ion and is defined by the dewpoi nt temperature rather than 
l i near fun ction .  

Figures 4.3 I 0 and 4.3. 1 1  show the basement rel ati ve hum idi ty p lotteri on 
ari thmeti c probabi l i ty paper .  In these f igures ,  the expe cted patterns are 
much l ess evident . This  was not unexpected si nce there are a number of 
compl i cati ng factors : the basements were iso lated from the upstai rs 
porti ons where the exhaust fans were mounted, the l aundry faci l i ti es 
generated hi gh moisture l oads at arb i trary ti mes ,  and the venting action of 
the furnaces wou ld  have a greater effect . This  l atter factor probabl y  



FIGURE 4.3.2 H O U S E  50: HALI FAX M O N ITO RING 
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FIGURE 4.3.3 H O U S E  48: H A L I FAX M O N I T O R I N G 
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FIGURE 4.3.4 H O U SE 46: H A L I FAX MO N I TOR I N G  

w 
� 
j::= 
lL 
0 

� 

0·1 OCT85-26NOV85 
40 -.-���������������������������� 

Whole House Fan 
35 

30 

25 

20 

1 5  

10 

5 

0 1 I I l<I •<1 I/I l<r=n I/,),! !/,'\I I<( tq I 
0-29 -34 -39 -44 -49 -54 -59 -64 -69 - 1 00 

7. RH l2'.2J 7.RH UP !s::SJ FAN RU NTIME 

FIGURE 4.3.5 HOU SE 5 2 : H A L I FAX MON I TOR I N G  
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FIGURE 4.3.6 H O U S E  44: HALIFAX M ONITO RING 
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FIGURE 4.3.7 H O U S E  42: H AL I FAX M O NITO R I NG 
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I . 
exp l ains the downward curve at l ow hum idi ty ranges evident in  F igures 
4.3. 1 0  and 4.3. 1 1 . 

The frequency distri but ion of hum idi ti es through other peri ods of the 
program are i ncl uded i n  Appendi x C. These are the peri ods i n  whi ch fan 
operation was not parti cu lar l y  si gn i f icant.  Dur ing the winter, rel ati ve 
humdi ti es in  the houses were general l y  l ow and during the summer the 
control s were l eft  un locked so that tenants cou ld  use the venti l at ion at 
wil l .  

The next most obvious questi on rel ates t o  the effectiveness of the 
different fan conf igurati ons in control l ing hum i�i ty l eve ls. I t  is  
interesti ng to note that , in  F igure 4.3.8, the amount that the frequency 
distri buti on is skewed off normal by the fans does vary. The highest 
capa city fan (i .e., uni t  SO, wal l fan) has the greatest apparent skew c id 
the l owest capa ci ty fan (i .e., uni t 48, bathroom fan) has the l owest.  
However, tak ing i nto consi derati on al l factors such as runti me, moisture 
generati on va l ues , et c., this is questi onabl e  proof of actual  
effecti veness. 

A lthough it is diff icu l t  to rate the effect iveness of the var ious fans , i t  
is possi b le  to assess the capabi l ity of the fans to adequate ly control 
moisture generati on in the homes under examinati on. Inadequate drying 
capabi l i ty for the moisture genererati on rate of the houses wou ld  be 
characterized by three operati on characteri sti cs :  

- long per iods of fan operati on, 
- fans operati ng at close to one hundred percent of the ti me in each 

hour as opposed to cycl ing on and off wi thin  that time frame, 
- even when the fan was operati ng, the measured hum idi ti es wou ld  tend 

to drift  upwards. 

I f  none of these characteristi cs were evident , it cou ld  be assumed that the 
fan conf igurat ion was adequate for control l i ng the moisture generat ion 
rates in the houses. I f  any one or two of these characteri sti cs was 
evident but not the thi rd, i t  cou ld  be assumed that local  effects cou ld  be 
responsi b le  (i .e., di fference in  the humidity at the hu.'Tlidistat and the 
sensi ng l ocati on). 

In examining the data for the pri mary fal l per iod, the are very few 
i nci dences of thi s  pattern of long periods of operation at high percentage 
of fan operat ion ti me per hour. An example  of thi s in the fan operation 
output included in  Appendix C on O ctober I S, uni t 46, from hour 1 8 :00 
through 1 4:00 the next day. 



This day, and a l l  other periods with incidences of this pattern, are 
associated with unseasonab ly warm temperatures and high outdoor hum idity 
l eve ls ( I  4- l 7°C, 85- 1 00% R.H.). In these cases, the drying potentia l  of 
pure vent i l ation without some form of dehumidi f ication is low. The variety 
of this pattern indi cates that a l l  three fans were of a suff icient capacity 
to control the peak moisture generation rates occuring in  the houses. 

4.4 Inspection Results 

Personnel from Bu chan, Lawton, Parent Ltd. visi ted the si te on a quarterly 
basis to inspect the test uni ts. The prime purpose of the inspections was 
to document moisture related prob lems in  the houses and to make note of any 
changes in the occupancy or operation of the houses whi ch cou ld  
signif i cant l y  affect the readi !1gs or  conclusions drawn from the testi ng 
program. 

The inspection invo lved a visual survey of the uni ts and the measurement of 
the stru ctural wood moisture content usi ng a Del mhorst moisture meter. The 
moisture content was measured at two permanent l y  mounted moisture stations 
in  each uni t  and at a number of other locati ons where the moisture content 
was determined by usi ng extended probes p laced through smal l hol es dri l l ed 
through the drywa l l .  

Three basi c categori es of moisture problems were found: 

Temporary situati ons in whi ch the actual condi tion at the time of 
the inspection coul d  pl ay a major role  in whether they were not i ced. 
This category wou ld  include such i tems as condensation or frosti ng 
on windows and condensati on on basement wal ls result ing from a high 
moisture generati ng activity such as the l aundry and l eakage or 
f looding in the basement. These temporary situations were noted by 
or reported to the inspection personnel . 

- Situati ons whi ch were evident for a l onger ti me period but cou ld  
sti l  I be  expected to  vary on  a cycle. This woul d  include the 
moisture content of stru ctural materials and thE. growth of mou l d  
co lonies on window frames and moisture trapped i n  insu lation. 



- The thi rd type cou ld  be considered "fossi l "  evidence and consi sted 
primari l y  of damage or noti ceab l e  si gns of previous moisture 
problems which may or may not have been evident at the ti me of 
inspecti on. This cou ld  include paint damage due to water condensing 
off windows, staining of wal ls and cei l ing f inishes due to mou ld  
growth and water staining of  bu i l ding materials.  

Before discussi ng the uni ts individua l l y, i t  is  worth noting a number of 
common areas of the thi rd category of moisture probl ems. In a l l uni ts, i t  
was observed that , on the underside o f  the f loor as view�d from the 
basement at an area near the rear wal l ,  there was a whi te eff lorescence on 
the p lywood f looring. This was in the area in which the un i ts had 
origina l l y  had s l i ding g lass doors. These doors had been removed a number 
of years before the test program and it  cou l d  be speculated that they were 
the pri me source of this fossi l arti fact . Whether the moisture col l ection 
was from condensation or the track ing in of snow during the winter cannot 
be determ ined at this stage. Either or both mechani sms are very l i ke ly. 

Dur ing the f irst si te visi t ,  i t  was observed that in many of the uni ts there 
was noti ceab l e  staining i n  a restricted area of the wal ls and cei l ings near 
the wal l/cei l i ng joints at the exterior wal ls .  This  is an area where a 
h igher incidence of condensation due to the coolness of the surface wou ld  
be expected. This evidence was most noti ceab le  in bathrooms where higher 
peaks in hum idi ty l eve ls  wou ld  be expected. Subsequent to the in it ial 
visi t ,  many of these areas were ei ther cl eaned or painted over by the 
tenants and the prob lem was much l ess evident through the winter of 
1 985/86. There are two factors whi ch cou ld have had an effect in reduci ng 
the si gn if icance of this evidence: 

- In a pre-program inspecti on carr ied out in October,  1 984, it was 
noted that the b lown-in insul at ion which had been added to the 
atti cs was not distri buted evenl y. I t  tended to be heaped in  the 
midd le  and spread relat ive ly  thin ly  at the outer edges. This was 
pointed out to the Dartmouth Housi ng Associati on personnel . I t  was 
explai ned that, as l ong as the soffit vents were kept c lear , i t  
wou ld  b e  desi rab le  t o  spread the insu lati on out t o  the edges to 
e l im inate col d  surfaces and possi b le  condensati on around the edges. 
This was done by DHA personnel prior to H .... i nsta l l at ion si te visi t 
and it  is very l i ke ly  that the mechanism creati ng the condensati on 
a long these areas was reduced. 



- A number of the homeowners were somewhat perturbed when, in  
discussions wi th the moni tori ng personne l ,  i t  was noted that these 
stains were probably a resu lt  of mou ld growth. This may have 
contri buted to the cl eaning of a l ong term accumu l ation of mou l d  
staining. 

With respect to more the var iab l e  evidence of moisture probl ems, the most 
commonl y  noted prob l em was the growth of mou l d  col onies on and around the 
windows i n  most un i ts .  Whi l e  there were variati ons to the vol ume and 
" lushness" of these co l on ies in the parti cul ar uni ts and in parti cular 
l ocati ons in  uni ts ,  it was evident i n  al l uni ts.  This  mou ld growth was 
part icu lar ly  evident on the e lastomer hol ding the windows into the vinyl 
wi ndow frames,  was commonl y  noted on the vinyl wi ndow frames themse lves 
and, to a l esser extent, on the wood s i l l s  of the window. During the 
summer, these mou ld  col onies tended to be dry and f laky and in the wi nter 
when there was evidence of condensation on the window panes, they would 
become heal thy and vibrant . 

Wood moisture content readings were taken at the l ocati ons shown i n  the 
site p lans incl uded in Appendix A. At most l ocations, the moisture content 
l eve ls requ ired for rot (above twenty percent) were not evident. In fact , 
i n  most l ocati ons, the mini m1 1m n:�nding attainabl e  on an instrument , ten 
percent , was not obtained. In l ocati ons where measurabl e  readi ngs of 
moisture content were obtained, it was di rect ly  rel ated to weather 
conditions . Readabl e  l eve ls  were general l y  associated wi th wet , rai ny 
conditi ons outsi de on the day of or the day previous to measurement . This 
wou ld  i ndicate that the wood moisture content of the structural wa l l s  was 
primari l y  related to water or humidity entry through the exterior cl addi ng 
rather than due to condensati on resu lti ng from high l eve ls  of inter ior 
humidi ty. Of course, i t  cannot be assumed that there were no structural 
moisture prob lems �elated to interior hum idi ty condensation effects. This 
type of probl em can be very l oca l i zed and to actua l ly f ind it wi th a 
moisture probe invo lves a heavy e lement of chance. 

None of the units showed any si gn of moisture damage or col l ect ion in  the 
atti cs which wou ld  be the most common area of moisture damage related to 
internal hum idi ty l eve l s. 

There was one area where there was cause for concern. In a number of un its,  
the area at or around the l ocat ion of the previous ly  existi ng s l i di ng g lass 
doors had probe measurements which indicated high l evels of wood moisture 
content and d?mp i nsulati on. The g lass doors had been replaced with a wal l  
section contain ing a window and an exterior surface of painted p lywood. 



The paint was . showing evidence of weatheri ng and chi pping. The consultant 
suspects that the moisture gatheri ng in this area came from outside rather 
than from insi de. 

4.4. 1 I ndividual Inspection Findings 

Unit 42 

Unit 42 was an end uni t  and did not have a fan insta l l ed. During the day, 
the un i t  was empty usua l l y  empty s ince the tenant worked and her chi l dren 
were in school .  I n  the winter of 1 984/85, this uni t  had most of its 
windows covered with multii:i le  l ayers of po lyethylene that had been taped 
over the interior frame. This  probabl y  accounted for the l ow incidence of 
mou ld  growth on the windows. There was so'lle paint chi pping whi ch could be 
attri buted to water damage prior to the start of the mor i tori ng program . 

In the December/84 visi t , i t  was noted that at the ti me when the tenant was 
doing l aundry, a l l  three exterior basement concrete wal ls were "sweati ng" 
due to condensati on even though the dryer was vented to the outsi de. 
During periods when the l aundry wasn't being done, this was not evident. 
In the December si te visi t, there was also some minor pudd l ing of water on 
the basement f loor whi ch cou ld  be attri buted to water running off the 
wal ls. The tenant also reported that in the past and again in the spring 
of 1 985, there was fl ooding in  the basement due to water leak ing in.  This 
was not seen by BLP personnel but had been reported to the Dartmouth 
Housi ng Authori ty. 

The un it  had a relative ly  l ow incidence of moisture rel ated evidence 
upstairs compared to other un i ts and had a relat ive ly l ow heating 
requi rement even though i t  was an end unit .  These w�re probably 
attributab l e  to the l ow occupan cy l eve ls  as much as anything e lse. 

Unit 44 
Unit 44 was one of four interior uni ts studi ed under the project .  Because 
it was the onl y  i nterior uni t  without a fan , it was the most appropri ate 
control of the three control un i ts. The dryer, whi ch apparentl y had been 
obtained j ust previous to the December/( � s ite visi t, was not vented to the 
outsi de unti l someti me after the June/85 site visi t .  Duri ng the 
February/85 si te visi t, condensati on was noted on the exteri or concrete 
basement wal l in the l aundry area when the dryer was operati ng. Mou ld  
growth on the wi ndows in  rel at ion to the other uni ts cou ld  be consi dered to 
be be low average but i t  was sti l l si gn if icant. 



Unit 46 

Unit 46 was the un it  in whi ch the Aston who le  house fan was insta l led for 
the test program . The housekeeping in this uni t  was, general ly, very poor 
and in the f i rst  three si te visi ts, an unpl easant odour was detectab l e  
whi l e  i n  the house. Dur ing the summer months and dur ing the fal l ,  the 
Aston fan had a sign i f icant l evel of operation ti me and, on si te visi ts i n  
September/BS and January/86, i t  was noted that this prob lem was 
sign i f icant ly  reduced. 

Dur ing the insta l l at ion visi t in  December/84, it was noted that Uni t 46 had 
the highest l eve l s  of mou ld  growth around windows and some stain ing 
attri butab l e  to mou l d  was noted in  the corners and at exteri or wal l /cei l i ng 
joints. This was parti cu lar l y  obvious for the bathroom , and to a l esser 
extent , in the bedrooms. The window growth, whi ch was not cl eaned during 
the program , dried up dur i ng the summer but re-grew v i th the moisture from 
condensati on on the window in the winter months. At the ti me of the 
December/86 visi t ,  the l eve l of growth was judged to be sl ight l y  l ess than 
the winter of 1 984/85 but not by a dramati c extent. 

Much of the un i t  was f in ished wi th wal l paper and there were areas in  the 
basement and i n  the l i vingroom where the wal lpa per was l i fti ng. An 
examinati on and moisture probing of these areas di d not give any reason to 
be l ieve that this was due to moisture. The prob lem got progr_essi ve ly  worse 
over the program. 

Unit 48 

A hum idistat· control l ed bathroom fan was i nsta l l ed i n  Uni t 48 for the test 
program. The tenants of this uni t  kept the temperature at a rel ati ve ly  
high l eve l and there were two adul ts at home dur ing the day. Dur ing the 
wi nter months , the tenants sealed most operat ing wi ndows wi th masking tape 
to e l iminate drafts and heat l oss. 

The housekeepi ng in this uni t  was very good and, over the course of the 

program, the tenant repai nted most of the house, one or two rooms at a ti me. 
Dur ing the December/84 si te visi t ,  some sta ining of the bathroom cei l i ng 
that cou l d  be attri buted to mou ld  and the characteristi c mou ld  growth on 
the wi ndows were noted. The accessib; 0 portions of these were cl eaned 
dur ing "spring cl eani ng" and di d not recover to the l evels  noted i n  the 
i nsta l l at ion visi t. In those areas where i t  was inaccessi b le  (between 
window panes), the dark mou l d  col on ies remained and f lour ished dur i ng the 
wi nter. 



Unit SO 

Unit 50 contai ned the data acqu isi ti on system and was supp l i ed wi th a 
hum idi stat control l ed wal l fan i n  the ki tchen for the test program . There 
was some mou l d  growth on windows and m inor staining of exter ior 
wal l/cei l i ng joi nt areas , parti cular ly  i n  the bathroom. The tenant was 
somewhat taken aback when this was poi nted out and cleaned the bathroom 
cei l i ng i n  the evening hours duri ng the insta l l at ion s ite visi t. The mou l d  
o n  the wi ndow si l Is  was kept rel ati ve ly  c lean o n  accessi b le  surfaces but 
was noti ceab l e  throughout the program on i naccessi b le  surfaces. 

Unit 52 

Unit 52 was an end uni t which d id  not have a fan insta l l ed. Dur ing the 
i nstal l ati on si te visi t, this uni t  was bei ng ful l y  repai nted by the 
Dartmouth Housi ng Associati on. After this, no parti cu lar moisture probl ems 
were noted asi de from the characteri sti c mou ld  growth on windows which 
fol lowed the regu l ar pattern of drying and f l ak ing in the summer and 
re-growing in the wi nter. 

In  summary, i t  cou l d  be sai d that none of the uni ts exh ibi ted moisture 
probl ems which woul d  threaten the integr i ty of the bu i l ding. By the 
standards of most Canadi ans,  the mould growth found was certai n ly  not 
aestheti c  and was unusua l but by East Coast standards, it was common. The 
l i nkage between the control of the exh ibited moisture problems and the 
operat ion of the hum idstat control led fans was not def in itive.  The 
somewhat subjecti ve opi nion from the inspecti on personnel was that the 
l eve ls  of mou l d  growth dur ing the second wi nter, when fan operat ion was a 
factor, was l ower than the f irst wi nter, but this cou l d  be· attri buted to 
many factors other than the operat ion of the fans . 

4.5 Hum idity Samplers 

The use of the passi ve ti me-averaged hum idi ty sampl ers in this program , as 
stated i n  Secti on 3.2.5, was pri mar i l y  as a f ie ld  eva l uation of the 
technique rather than of di rect benefit  to the program i tsel f. 

On the who l e, the performance of · ,e sampl ers provided some opt imism but 
a lso pointed out the need for future deve l opment . Most important ly, it was 
found, in the f ie ld program and the correspondi ng l ab tri a ls that were 
undertaken, that the actual weight gai n  of the sampl ers was si gni f icant l y  
l ess than thei r theoreti cal weight gai n  as out l ined by Lawrence Berkl ey 
Labs. The samplers did, however, show a h igh degree of consistency and, in 
most cases , any i nconsi stencies were attri butabl e  to other factors. The 



indi cati on was that , wi th appropriate adj ustments to the handl ing and 
proper emperi ca l  cal ibration, the sensors coul d  provide a good, l ow-cost 
method of determining time-averaged exposure to absol ute hum idi ty. 

A summary of the resu lts of the hum idi ty samp l er tests has been i ncluded in  
Appendi x D. They i ndicate that , wi thin the range of temperatures and 
hum idit ies encoun t�red i n  thi.s fiel d trial , the weight gai n  was 
approximate ly twenty percent l ess than that accounted for by theory. This 
i s  corroborated by other trials carried out i n  Buchan, Lawton, Parent 
Ltd.'s lab faci l it ies.  In order to emperica l ly ca l i brate the samplers , the 
f irm is undertaking some detai l ed cal i brat ion exercises wi th the i ntenti on 
of being abl e  to offer the supp ly  and anal ysis of the sampl ers as a service 
for anyone desi ri ng to use the sampl ers . 



5.0 EQUIPMENT L IMITATI ONS 

A Sciemetric 8082 scanner i nterfaced with an IBM PC formed the basis of the 
data acqu isit ion system used for the monitoring program. Because the 
equipment was fai r ly  sophisti cated and relat ive l y  untried, the program 
included a sign i f icant amount of testing and cross-check ing of the data to 
ensure that the readings taken by the equ i pment were credi b le  or that the 
potenti al sources of error cou ld, at l east ,  be identi f ied. 

The data acqu isit ion system proved to be very rel iab l e. One important 
feature was it's abi l i ty to sel f-boot. After a power fai l ure, the system 
wou ld  re-boot, reference it's internal ti me clock and conti nue to acqui re 
data. Except for the period during the power fai l ure, the system would  
continue to  ca l cu late and store the hour l y  and dai l y  averages. There were 
situati ons which cou ld  and did "fox" this systE:m. If the power fai l ure was 
of very short durat ion or was a "brownout" rather than a "bl ackout", the 
system cou ld  get "hung up" and wou ld  not re-boot. This was a function of 
the IBM operat ion. When this happened, the correcti ve action involved 
shutt ing off the system and re-booti ng it and the moni tori ng wou ld  
conti nue. 

During the course of the moni tori ng program , Buchan, Lawton, Parent Ltd.  
was fortunate to have a high school student in  the house where the system 
was located who was very i nterested in computers and thei r operat ion. A 
key to the box in  which the data acqu isi t ion was stored was provided for 
him and the system was checked about once a week to make sure there were no 
prob lems. In  general , the program was remarkably free of data 
i nterruptions . There was one occasi on where approximate ly one week of data 
was lost due to a brownout si tuati on. Taking i nto considerati on the 
duration of the proj ect , this was a remarkable l eve l of rel iabi l i ty. 

Four types of sensors were used wi th the data acqu isi tion system. 
Temperatures were taken wi th thin fi l m  RTDs and on no occasion was there 
reason to suspect the operati on of any of the thi rteen used. Fan status 
was moni tored by usi ng relays which provided a closed circuit when the fan 
was operat ing and an open circuit when it was off. Because there was some 
concern over the rel i abi l i ty o · the relays and status channels, runt ime 
meters were insta l l ed on each of the fans to provide a backup and 
cross-reference. The fan runti me, as measured with the meters and the 
status moni toring system, were identi cal .  

The two types of hum idity sensors used i n  the moni toring program were 
another issue. Whi l e  not specif ied in the contract, Buchan, Lawton, Parent 



Ltd. did i nstal l an exterior hum idity sensor i n  the weather stati on. This 
sensor, a Vaisa l a  HMP I 4U sensor, did not provide rel iab le  readi ngs of 
outdoor hum idi ti es .  During wet or bel ow freezing condi ti ons , the output 
from these sensors was some mu l ti pl e  above the va l ue for 1 00% RH. In  
conditions where the · sensor was above freezing and wou ld  have had a chance 
to dry out from any moisture that had been drawn i nto the weather station, 
the readi ngs were mort! l..>t! l i t!VUbl e  but not to the l evel that any signif icant 
confidence coul d  be put in the data. As far · as the analysis of the data in 
th is proj ect was concerned, exterior humidi ti es were taken from AES weather 
data. 

The interior hum idi ti es were sensed wi th Enercorp Hum idity Transmitters. 
The un i ts,  which were based on 'the Phi l i ps capaci tance-type hum idi ty 
sensor, were j udged at the beginn ing of the program to be the most 
appropri ate for the project . The cost of ttie un its was wel l be l ow some of 
the more soph isticated possibi l i ti es and i t's specifications and reputation 
for stabi l i ty and accuracy seemed enti rel y appropriate for the proj ect . 

Three types of cal i brat ion procedures were pre-pl anned i nto the program . 
The humi di ty sensors were supp l ied i n  an aged and cal ibrated condi tion by 
the manufacturer and, at the end of the program, the sensors were 
re-ca l i brated and any differences noted. Dur ing the program , ca l i bration 
was checked by taking power psychrometer readings and compari ng these to 
the si gnal  output of the sensors. I t  was hoped that by fol l owing this 
procedure, the errors in  absol ute accuracy, comprised of offset and span 
errors and the instrument's drift characteristi cs,  cou ld  be identif ied and 
c:ompP.nsntP.ci for in the data analysi s.  

On instal l ati on ,  the output of the sensors was compared with a power 
psychrometer and i t  was found that , i n  general , the sensed hum idi ty leve ls 
were si gn if icant ly  l ess than that registered by the power psychrometer. 
One sensor, in fact , d idn't work (al though it  had been previous! y checked 
in Buchan, Lawton, Parent L td.'s off ice) and was returned to the 
manufacturer with a request to find the prob l em, repai r i t ,  re-ca l i brate 
the sensor and determine the difference in the sensed hum idi ty l eve l .  ThP. 
manufacturer found and repai red a l oose wi re. Re-ca l ibrat ion determined 
that there was an offset error of rough ly I 0% RH. This may be attri butab le  
to  an error on  the part of 'he techni cian who d id  the original cal ibrations. 

The manufacturer undertook that, at the end of the program, he wou ld  
re-ca l i brate the sensors free of  charge so that the data cou ld  be adjusted 
if necessary. 



At each quarterl y  visi t, the sensor outputs were comp,ared with the power 
psychrometer readi ngs. I t  was observed that the amount of difference 
between the sensor output and power psychrometer readings di d vary wi th 
different si te visi ts. At the ti me, the port ion of this change that was 
attri butab l e  to drift and that which coul d  be attri buted to a span error 
(different error of different hum idi ty l evels)  cou l d  not be determ ined. At 
the end of the program a l l  sensors were sent back to the manufacturer for 
re-ca l ibrat ion. A three poi nt cal ibrat ion was requested at level s  of 
approximately 25%, 50% and 75% RH. For a l l  but two sensors, the same basi c 
pattern of ca l ibrat ion difference was noted. The cal ibration difference 
invo lved offset and span error wi th the si ze of the error bei ng larger at 
l ow hum idi ty l eve ls  and smal l er at high hum idity l eve ls. This cou ld  be 
corrected wi th a correct ion equati on of the form: 

where: 

H
e = x Hr + y 

H is the corrected hum idity l eve l c 
Hr is the recorded hum idity l eve l 
x and y are coefficients taken from a l i near approxi mation of 
the ca l i brati on curve correspondi ng to the slope and offset 
di fference. 

By compari ng the corrected data with the power psychrometer readi ngs taken 
in the same period,  some measurab l e  l evel of confidence in the corrected 
data cou l d  be ga i ned. Whi l e rememberi ng that the readi ng of a power 
psychrometer has it's own potenti al error, some si gn if icant scatter was 
found when maki ng this comparison. I t  was found that the power 
psychrometer readi ngs at parti cu lar sensor l ocati on were sometimes 
consistentl y  l ower , someti mes consistentl y  h igher and someti mes on both 
si des of the corrected output of the hum idi ty sensors . Thi s indi cated that 
cyc l i c  drift coul d, in fact, be a prob l em ,  but it was not consistent and, 
therefore cou ld  not be factored i nto the ana lysi s. 

A l l  the data used in this report was based on hum idi ty readings recorded by 
the data acquisi t ion system and was corrected usi ng the curve determ ined by 
the manufacturer's cal ibrat ion at the end of the program. Based on the 
i ntermediate readings, it ' s  fel t that the corrected val ues have a 
rel i abi l ity of + /- 6-7% RH. This is rough l y  doubl e  the +/- 3% quoted by 
the manufacturer. In  terms of hum idity measurement , thi s is fai r ly good 
but when drawing concl usi ons from the data i t  is important to consi der this 
potenti al error. 



Another piece of equi pment which caused some probl em duri ng the program was 
the si mpl e househo l d  humidistats used to control fan operat ion. I t  was 
wel l known before enteri ng the program that the abso lute accuracy of these 
i nstruments was notorious ly  bad. It was hoped that , by compari ng thei r 
setpoint to the power psychrometer readings, the hum idstats cou ld  be set 
within the reasonab l e  range of 45 to 50% RH desi red i n  the program . 
Experience duri ng the program inc.lic;u l e::d that this wa.s possi b le  but that the 
i nstruments a lso had h igh l evel s  of setpoint drift.  To control the fan at 
a pre-set l eve l requi red "playing" wi th the di al setti ng on a periodic 
basi s.  I n  a si tuat ion where the occupant of a house had access to and 
suff ici ent knowl edge and i nterest to maintain  the l evel of fan operati on at 
an appropr iate l eve l for the outdoor temperature, i nternal moisture 
generati on rate and such factors ,  this is  perhaps not very s ign i f icant. 
For the test program where it was desi rab l e  to set and l ock the hum idstats 
to operate at a consi stent l eve l ,  this did prove to be a prob lem. I t  
prompted the decision to  i ncrease the frequency of  data anal ysi s to  a 
weekl y  basi s dur ing the cri ti cal fal l per iod and to phone i nstructi ons to 
l ocal  personnel to adjust the hum idistats to a l evel that provided an 
appropriate l eve l of fan operat ion for outdoor temperature and i nteri or 

. hum idi ty l eve l .  

I t  i s  a lso worth commenti nq on the potenti al effects of the l ocat ion of the 
hum idity sensors and the hum idi ty control l ers themsel ves. The hum idity 
sensors were l ocated i n  a central l ocat ion i n  the basement and the second 
fl oor of each uni t  providing a consistent average humidi ty for a l l  si x 
un i ts .  The hum i di ty control l er l ocati ons var ied. For the Aston who l e  
house fan and the ki tr.hen wal l fan (un i ts 46 and 50), the hum idstat was 
located i n  the main f loor hal lway, a l ocati on chosen to provide an average 
for the house. The con trol l er for the bathroom fan i n  uni t  48 was p laced 
i n  the bathroom where it coul d  sense one high moisture generat ion area 
before moisture diffused to a more central l ocat ion. The potentia l  l oca l 
humi di ty l eve l s  effecti ng ei ther the sensors or the control l er and not the 
other was recogn i zed and accepted in order to gai n  consi stent sensor 
l ocati ons in al l si x uni ts.  



6.0 CONCLUS IONS AND COMMENTS 

There are two basi c groups of conclusi ons rel ati ng to the moni tori ng 
program. The f irst  deals wi th the effecti veness of hum idi stat control l ed 
fans in  reducing moisture rel ated prob l ems i n  housi ng and the second group 
deals wi th the mechanisms of the moni toring program i tsel f. 

6. 1 Conclusions 

I .  The monitored data i ndicated that dehum idistat control led exhaust 
fans cou l d  sign i f icant l y  reduce both the peak hum idi ty l eve ls  and 
the ti me that the house was exposed to high i nternal hum idi ty 
l eve l s. 

2. A l l  three fan conf igurations monitored under this program were 
reasonab l y  effect ive i n  accompl ishing the above menti oned 
reductions . There was some indicati on that the effecti veness of 
the fans in  accompl ishing these objecti ves was rel ated to thei r 
exhaust capa ci ty but even the smal l est  fan was capable of 
adequate l y  deal i ng with the moisture generation rate of these 
parti cul or houses. 

3. The l ack of rel i abi l i l ty of the si mpl e househo l d  hum idi ty 
control l ers used for this program cou ld  hove an effect on the 
va l ue of the fan. The drif t  characteri sti cs experienced could  
l ead to  excessi ve runti me or  i nadequate moisture control . 

4. The l i nk between the control of peak hum idity l eve ls  and reduced 
moisture probl ems was not c lear l y  estab l i shed. 

5. The moisture content in the structural wood of the houses seemed 
much more rel ated to external hum idi ty and/or water penetrati on 
than i nternal hum idi ty l eve ls.  

6. Any i ncrease in the energy consumpti on of the uni t  attri butabl e to 
the operation of the fans cou ld  not be isol ated from the regu l ar 
var iance i n  1ergy consumpti on result ing from occupant acti viti es. 



6.2 Conclusions with Respect to the Monitoring Program 

I .  The moisture prob l ems in the houses sel ected for the moni tori ng 
program were, to a l arge extent, surface prob l ems related to mou ld  
growth i n  high condensation areas such as  windows and cool areas 
on i nterior surfaces. The moisture probl ems l ocated were not, at 
that stage, a threat to the bui l di ng structure i tself. This wus 
true even though these uni ts were i dent if ied by the l ocal 
authori ti es as "moisture troubl ed houses". 

2. From the point of view of aesthet ics and practi cal i ty, the 
wal l-mounted ki tchen fan used in the program was probably l ess 
desi rab l e  than ei ther the Aston fan or the bathroom fan. The 
drafts com ing through the dual dampers instal l ed in this uni t were 
si gn if icant and proved uncomfortab l e  in what was perhaps the most 
l ived-in room in this house. 

The basement mounted Aston fan was qu i et and provi ded a rel ati ve ly 
neat instal l ati on. In  the un i ts tested there was a rel ati ve l y  
easy path t o  run ducts through verti cal l y  a l igned closets i n  a 
central l ocati on on the f i rst  and second fl oors . Retrofitti ng 
thesP. fans in  other houses cou ld  prove to be more di fficu l t  and 
cost ly .  

The bathroom fan orig ina l l y  i nstal led i n  the program was a Broan 
660. This proved to be noisy and it was later repl aced with a 60 
CFM Nutone uni t  which provided a much more acceptab le  noise leve l .  
The instal l at ion w as  rel ati ve l y  convent ional and easy. 

3. With one excepti on, the data acqu isi ti on hardware used i n  this 
program provided very rel iab l e  serv ice. The excepti on was the 
hum idi ty sensors . The difficu l ti es  encountered with the 
cal ibrat ion of these sensors were si gn if icant but wel l in l i ne 
wi th both Buchan, Lawton, Parent Ltd.'s experi ence and experi ences 
documented by other researchers i n  measur ing hum idi ty l evels  over 
the l ong term. 

4. The time-c' "'raged hum idity samp lers tested in this program proved 
to oe reasonabl y  good indi cators of average humidi ty l evel s. 
Thei r weight gai n  per concentrati on hour was l ess than the 
theoreti cal  va l ue assumed by the Lawrence Berkl ey Lab,  from whi ch 
pattern they were adapted, but thei r consi stency i ndi cotes that , 
wi th proper emperical  cal i brati on,  they coul d  be a very useful 
tool for projects dea l ing wi th l ong-term hum idi ty l eve l s. 



6.3 Comments 

The resu lts of thi s proj ect l ead to some comments that are very i mportant 
i n  dea l ing with the subject of moisture troubl ed houses in the Mari time 
environment . 

I .  The resu lts suggest that i n  most cases, structural moisture 
damage to houses, as is  reasonabl y  common in a number of Mari ti me 
envi ronments, i s  probably l ess rel ated to i nternal hum idi ty l eve ls  
than i t  is  to moisture transfer i nto wal l and cei l i ng areas from 
outsi de the bu i l di ng enve lope. There are, certai nly, prob lems 
created by h igh internal moisture l evel s  but many of these are 
surface prob lems and do not necessari l y  resu l t  i n  bui l di ng 
threatening damage. This is not to say that high internal 
moisture l eve ls  cannot create major prob l ems but that venti l at ion 
systems shou l d  not be consi dered a g loba l sol ut ion to the problems 
of "moisture troub l ed houses in  the Mar i ti me c l imate".  

2 .  Whi l e none of the si x uni ts covered i n  th is  study had maj or 
moisture prob lems, there are houses in  other l ocati ons, i n  fact, 
i n  the same housi ng proj ect , whi ch do have rel at ive ly  major 
prob l ems caused by h igh interior hum idi ty l evel s. I n  these houses 
the insta l l at ion of a hum idi ty control l ed venti l ati on system 
shoul d  have a posi ti ve benef it.  

3.  The use of exhaust-onl y systems, such as those studi ed i n  this 
proj ect , i s  appropriate in  houses whi Ch have enve lopes whi ch are 
l eaky enough that the potenti al of caus ing h igh negati ve pressures 
i n  the house i s  mini mal . In "ti ght houses", the hi gher negati ve 
pressures from an exhaust-onl y system coul d  i ncrease the potenti al 
for backdrafti ng of combusti on app l iances and, in areas of high 
radon concentrati ons in soi l gas, resu lt  in increased i nteri or 
l eve l s  of radon gas. 

4. I n  the houses under study in  this proj ect ,  even the si mplest and 
cheapest instal l ati on (hum idistat control l ed bathroom fan) was 
capable of l im iti ng h igh hum idi ty l eve l s  i n  the houses under 
study. '\lone of the houses appeared to have excessi ve moisture 
generati on rates . The resul ts di d i ndi cate ,  if  not prove 
concl usi ve ly, the seeming ly obvious concept that hi gher capaci ty 
fans were more effecti ve in  reduci ng hum i di ty than l ower capaci ty 
fans . 



5. Part 9 of the Nati onal Bui l di ng Code now incorporates a 
r equ i rement that each dwel l ing uni t  be provided wi th a m echani cal  
venti l ati on system capable of providi ng a capaci ty of one-ha l f  ai r 
changes per hour ei ther on manual or automati c control s. Thi s 
requ i rement has not been incorporated into provincial bu i l ding 
codes as of yet .  A vent ii ati on sys tern of thi s capaci ty wou l d  have 
been more than adequate to handle the hum idi ty generation rates of 
al l houses covered in  this test program. 

6. The hum idi ty . control l ers used i n  the program (two H oneywel l 
H46C I 000 and the one supp l i ed with the Aston fan) proved to be 
very i naccurate and displ ayed si gn if icant setpoint dri ft. This 
probab ly  wou l d  not create a major prob lem wi th a knowl edgabl e  
resi dent who peri odi cal l y  checked to see that the fan system was 
operat ing when there was evi dence of hi gh i nterior humidi ti es 
( i .e., condensat ion on wi ndows) but cou l d  decrease the 
effecti veness of venti l ati on for hum idi ty control wi th a resi dent 
who was l ess than knowl edgab le. Ideal l y, the fans shoul d be 
control l ed by a hum idi ty control l er whi ch took i nto account 
outdoor temperature or absol ute hum idi ty as wel l qs i ndoor 
hum i di ty and di d so wi th a rel iab l i l ity that al l owed setti ng the 
control once and l eaving i t  i n  that posi ti on. The deve l opment of 
a l ow cost device to accompl i sh this woul d be a wel l worthwhi l e  
endeavor.  



APPENDI X  A 

House F loor P lans and Sensor Locations 

Legend 

® - Temperature/Humidity Transmitter 

@ - Moisture Station 

@ - Moisture Probe Location 
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APPENDI X B ELECTRICAL AND WATER CONSPUMPTION 

Monitori ng Period E lectri cal  C onsumption W ater Consumption 

(KWh/day) ( I/day) 
42 44 46 48 so S2 42 44 46 48 so 52 

Dec. 9-Jan.  8/8S 2 1 .2 38.6 39.9 27.6 33.2 4 1 .6 44.5 84. 9 70.4 S6. 7 94. 9 S 9. 9  
Jan. 8-F eb. I /8S 26.S 33.4 39.9 30.2  4S.4 4S.2 43.6  63.6 S9.9 7 1 .7 1 0 1 .2 S5.4 
Feb. 1 -F eb. 22/8S I S.8 30.S 32.8 29. I 38.6 35.4 40.9 67.6 7 1 . 3 S9.9 1 07. 1 S4.0 
Feb. 22-Mar . I 0/8S 39.7 4 1 .S 30. 1 46.8 38.7 SS.8 74.0 74. 9 69.9 9S.8 44.9 
Mar. 1 0-Apr. 9/8S 2 1 .  7 3 1 .0 23.2 29.6 30. 7 37.2 S 1 .3 63 .6  74. 4  64.0 93. 1 S6. 7 
Apr.  9-Mar . I S/8S 1 8.2 3 1 . 2 37.9 28.4 29.2 37.8 49.0 72. 2  7S.8 66.3 - S7.2 
Mar. 1 S-June I 2/8S 1 6. I 27.6 34. 1 26.S 34. 1 32. 7 43. 1 69.S 76. 7 63 . 1 84. 9 73 .5  
June 1 2-Ju ly 1 7/8S 1 6.4 29.  I 3S.8 28.3 28.2 33 .S 45. 8 77.6 80.3  74.4 76� 7 65.8 
July 1 7-Aug. 22/85 1 5  3 1 .3 29.6 22 .9 22.5 3 1 . 3 49.0 03.5  62.6 76. 3  68.5 7 1 .2 
Aug. 22-Sept 1 7  /85 1 3.5  34. 2 30.8 24.0 32. 6  30.7 39.0 98. 1 86.3  64.0 62 . 6  S4. 9  
Sept 1 7-0ct. I S/8S I S. I 32. I 3S.8 23.9 3 1 .5 30.5 39.5 78. 1 76.3 S7.2 90. 3  47.6 
Oct . 1 5-Nov. 1 9/85 1 6.6 32. 1 34.5 28. 9 36. 1 - 39.0 77.6 73. I 65.4 93. 1 5 1 .  7 
Nov. 1 9-0ec. I 6/8S 1 7.8 38.3 39.6 32. 7 34. 6  - 38. 3  84.0 7 1 . 3 S9.S 98.5 88. 1 
Dec. 1 6-Jan . 1 6/86 20. 7 40.0 37.9 29.2 33.2 - 48.6  83. 1 69.9 6 1 .3 97.6 48. 6 
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APPENDI X D ENERCORP VS. PASSIVE SAMPLER HUMIDITY READINGS 

UNIT 42 

Per iod 

Apr .  2-9 
May 8- I S  
June 1 2- 1 9  
Aug. 1 S-22 

BASEMENT 

Absol ute T Sampler Enercorp % D iff. 
Hum idity R.H. R.H. * 

.OOS08 1 8. I 39 42 -7 

.00684 1 9.0 49 42 .6 + I S 

.007 1 0  1 9.4 so S9.6 - 1 6  

.00939 22.4 SS 68.S -20 
Sept . I 0- 1 7  .0073S 2 1 .4 4S S9.7 -2S 
Oct. 22-28 
Nov. 1 2- 1 9  
Dec. 9- 1 6  

UN IT 44 

Per iod 

Apr.  2-9 
May 8- I S  
June 1 2- 1 9  
Aug. 1 S-22 
Sept. I 0- 1 7  
Oct . 22-28 
Nov. 1 2- 1 9  
Dec. 9- 1 6  

.OOS8S 20.0 40 S0.6 -2 1 

.OOSS9 20.0 38 46. 8 - 1 9  

.00388 1 8.6  29 34.0 - I S  

BASEMENT 

Absol ute T S ampl er Enercorp % D iff. 
Humidi ty R.H. R.H. * 

.OOS44 2 1 .0 3S 3 9.S - 1 1 

.OOS6S 20. 1 38 4S.4 - 1 6  

.00809 20. 1 SS 63.6 - 1 3.S 

.009 1 6  22.3 S4 67.9  -20 

.00694 20.3 46 S8.S -2 1 

.OOS93 1 9.6 4 1  S0.8 - 1 9  

.00606 22 .7 3S 42. 1 - 1 7  

.00449 23. 1 2S 3 1 .2 - 1 9  

* P .S. - E X I 00% 
E 

SECOND FLOOR 

Absol ute T Sampler Enercorp % D iff. 
Humidi ty R.H. R.H. * 

.00682 20.6 44 43 +2 

.00640 2 1 .3 40 43 .3 -7 

.00732 2 1 .0 47 S3.2 - 1 2  

.0093 1 2J.8 so 60.S - 1 7  

.00707 2 1 .6 43 S2. I - 1 7  

.00637 20. 7 4 1  so.s - 1 9  

.00609 20. 6 40 46. 1 - 1 3  

.00448 1 9.3 32 3S.9 - 1 1 

SECOND FLOOR 

Absol ute T Sampl er Enercorp % D ifi 
Hum idi ty R.H. R.H. * 

.00672 22. 1 40 4S.6 - 1 2  

.0072 1 22.2 42 SO. I - 1 6  

.00799 22.7 46 SS.8 - 1 7  

.00938 24.8 47 6 1 .S -23 

.00802 22. 7 46 S6.8 - 1 9  

.008 1 3 2 1 .6 so 62.2 - 1 9  

.00832 22.8 47 S2.8 - 1 1 

.OOS96 22.4 3S 42.6 - 1 8  




