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KEEPING YOUR HOME'S FEET DRY

Water falling from the sky as rain or snow can be ofithe most destructive forces in
nature. Besides being destructive, it also presentsfdhe most elusive problems for
homeowners, leading them to great frustration and ex@endey seek ways to keep water from
penetrating everything from their roofs to their aeflaors.

Every Do-It-Yourself magazine runs articles in thargpdescribing new miracle products
that allegedly stop water from entering through a basewalhor floor. Some products may be
effective at stopping surface water from coming throughfthe inside, but wouldn't it be better
to keep water from getting into the wall or floor d® al've always figured that trying to hold out
groundwater is like trying to keep water from leaking throtighseams of a boat. As long as
any part of the boat is in the water, a certain arm@unound to leak in.

As for letting water into the basement before pumgiogii, the resulting dampness can
be both distasteful and dangerous, even if there is ticeable standing water. Just as constantly
wet feet would not make you comfortable or allow youetmain healthy for very long, neither
can your house survive that condition for extended penditi®ut damage.
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PART I: DRYING OUT EXISTING BASEMENTS

Many homes are built with inadequate protection fronugdevater, even though
conditions are well suited for the proper installatiba simple and cost effective drainage
system. Unfortunately, once a water problem is dsxafter a house is built it is usually very
difficult and expensive to remedy the situation. Andabee site and soil conditions vary so
greatly, it is wise to consider your circumstancesfallydefore deciding on a course of action
So, first things first. Before tackling a wet basemeis critical to identify the source of the
water. There are essentially four ways that moistareenter and collect in basements:

" Leaky plumbing supply or waste lines or fixtures.

Surface (rain) water leaking through openings or flawweernwalls
High groundwater table
Condensation

PLEASE NOTE: There are many entries in the body of this document, such as:

[PHOTO 1.3.1 CISTERN] that refer to where a diagram or photo will be inserted when time
permits. There are also several headings with no text following yet. However, most of
the critical issues have already been addressed and the supplemental items will be
included in the future to improve clarity. Thanks for your patience and please feel free
to e-mail me with your questions.



1.0 DETERMINING THE PROBLEM, HOW IS WATER GETTING IN?
A TROUBLESHOOTING GUIDE

At the end of this document you’ll find a Basement Baige Checklist that you can use to
review your own situation before going through the foifm\Guide. Or you may wish to read
the information below to help you know what to look ¥dren you review the checklist for your
basement.

1.1 Plumbing leaks

As with any problem, it pays to eliminate the mdstious possible causes before
searching for the more complicated one(s). Notedbaty new electric appliance that has a
troubleshooting guide always starts with the suggestidrytha“Make sure it is plugged in”
before calling a repair technician. Diagnosing weebesnts is no different, as I've found out the
hard way.

Wrong Culprit ... Years ago | did a job for a homeowner who insisted that her basement was

wet after each rainstorm. When lots of digging and waterproofing didn’t seem to get rid of the

water, | was stuck with the question about its real source. When I finally started checking the

house plumbing, | discovered a leak in the water heater! For some reason, she had only noticed

the water after it rained in spite of the fact that it was there all the time. I've learned to more be
suspicious.

Eliminate the possibility of leaks from any and allmbing fixtures and piping inside the
house and also the domestic (drinking) water supply linis.lifle can enter through the basement
wall or through the floor and sometimes can run foresdistance under the floor. A leaking
water supply line will generally create a constant agyea of water, often near, but not limited
to, where the water line enters the basement.

Shutting off the supply line at the street can usually stater from leaking if it is from a
public water supply. Observing increased electric use anathoing time of the well pump for a
house with its own deep well system (pump in well) caenoprovide a tip-off to a broken water
supply line as can shutting off the pump for awhile toifsne leak stops. If the house has a
shallow well with a pump inside the house, the line ognfiom the well is a suction line, which,
if it leaked, would mean you’d have no water.

Once you've eliminated possible plumbing leaks, it’s timstart understanding how
water can get into a basement.

1.2 Surface water entrances: how water finds its way in

If water appears during or immediately after a raimomsmelt event, especially if it is
coming through the basement wall(s) well above thar flh is likely that the problem is
inadequate wall waterproofing and poor surface drainage f@raythe house. Roof water likely
concentrates next to the wall, especially under \v@bay downspouts and finds its way through
flaws. If the water stops coming in shortly aftes thin or snow melting stops, this generally
confirms the diagnosis of surface water entering.

Water can find its way in through many different flaavsin older foundations, almost
anywhere because these walls were never intendedwatbetight. Many parts of the country
have many of these older foundations that are constfwdtvarious sizes and shapes of cut
granite and round fieldstone, with or without mortarenfleaving numerous passages for water
to follow.



Another source of surface water can be poor surfacengréhat can direct water toward
the lip of a bulkhead or towards basement windows wheamnispill over into the basement. By
not paying attention during heavy rains, a homeownesoaretimes end up blaming the wrong
culprit.

Court Case: Having been called to testify in court against a builder on behalf of the owner of a

new home with a wet basement, | wanted to be assured of a good presentation for my client.

First examination of the problem when snow was on the ground didn’t reveal much, however. It

was during the final inspection on my way to court after the snow had melted that | discovered

the telltale signs of water having run down the bulkhead stairs. The ground surface sloped

toward the bulkhead instead of away, causing the water to pour into the basement in heavy

rainstorms. Had the homeowner done some snooping during rather than after a rainstorm, she

could have discovered the problem for herself. The homeowner won, and the builder was

required to do the regrading.

The solution to a wet basement can sometimes jostahat easy. Regrading the surface
to get water away from the foundation is about as siagple gets while other problems require a
more creative approach. See Sec. 3.1

1.3 Groundwater, the rising tide

If water appears through cracks in a basement floooaaddund its perimeter where the
walls join the floor sometime after rainfall or smmelt, and remains for some time, the problem is
likely to be a high groundwater table. In some placaglavmater table can persist for weeks,
months, and occasionally, year round, requiring thellasta of a drainage system that actually
lowers the water table around and under the house.

Many times an adequate de-watering system may haudristalled when the house was
built or sometime afterward. Because of carelessmessgtect, however, the system has failed to
function simply because the outlet of the pipe has begdmgged with critters building a home,
roots, leaves, or other debris. Occasionally, singagiting and unplugging the end of the pipe
can be all that's necessary to effect a cure. [S2&]3ther times it may require replacement
because of failure or because the system was netvaltedscorrectly in the first place.

Believe it or not, this was the outlet pipe for the perimeter drain at
a nearly new home that had made it through only a couple of
years before groundwater finally backed up into the house. This
is what the pipe looked like in the fall of 2005 after | dug it up and
removed the boulder that was resting directly on top of it. This
was less of a failure of the system, and more a failure of the
contractor to exercise reasonable care during backfilling.

1.3.1 High water table, how a basement is like a well

Wet basements are a common problem each spring manaas because of a high water
table. This simply means that the level of wat@henground has risen up to its high point for the
year because of melting snows, spring rains, lack cém@atkup by the trees and plants, and the
absence of sun to dry the ground during the winter. Soiisehsld water very tightly and,
therefore, keep the water table high for a long ti¢her soils (sand and gravel) pass water
quickly, yet often have a high springtime water tablpeeslly in low areas, simply because of
the volume of springtime runoff.



To help understand a high ground water table, picture afslend a foot deep in the
middle of your bathtub with six inches of water in thb around it. If you were to dig a hole six
inches deep in the sandpile you would find water in theoboof the hole. If you added water to
the tub, the water in the hole would get deeper alsagnsgater table.) If we put a box into the
hole it would float if it was watertight, and it would geater in it if it were not. Lots of us find
ourselves in this situation, except that it's our basgsthat are in the hole and are getting wet
because they are not watertight. DIAGRAM 1.3.1 HERE OR COMBINED BELOW

Another way to view this is to think of the simitgrbetween a basement and a well. In
the old days, a well was simply a hole dug down into tbermg usually lined with fieldstone. If
the well was dug deep enough into the ground, its owner iméylat been lucky enough to have
water available from it year round. Beside the vib#, house foundation was constructed in a
hole in the ground and built up with fieldstone to provide stupipo the house, essentially just
like the well but usually larger. If the homeowner Wwaky enough, the groundwater that filled
the well might never have risen high enough to floodbdeement. PHOTO 1.3.1 CISTERN

Apparently this was not always the case, as a faamgjudge in Concord Mass, observed
in the middle of the 1800’s. Since many local farmerseweving their food stores destroyed all
too often by water in their basements, the judge pwalishbook in 1859 entitled Farm Drainage
from which the following quote is taken:

"A trench is cut in the cellar-bottom, two feet from the wall, a foot deep at the farthest corner
from the outlet and deepening towards it, round the whole cellar, following the course of the
walls. In this trench, two-inch pipe tiles are laid, and carefully covered with tan-bark, and the
trenches filled with the earth. This tile drain [is] connected with the outlet drain 18 inches under
ground, and the earth leveled over the whole."

Incidentally, the judge’s name was Henry French, aveh éoday, many types of
subsurface drains still bear his name.

Modern basements are typically made of concrete Itlgato small coincidence, is also
what most modern dug well liners are made of. But theegghenomenon still occurs when the
water table rises and fills the well near to the tdmearby basement may fill up also unless some
provision is made for its protection. This is one ogathat it is helpful to check out a dug well
near a house because the water level in the wellsepiethe water table at that particular
moment.

If the well can be checked in spring when the wateetis the highest, measure the depth
from the ground surface down to the water. Compare tbih de the water to that of the
basement floor below grade. If the water in the weligher than the floor, the amount that it is
higher is generally equal to the amount the basement flogh if the water were not removed.

If the well cannot be observed in spring, or if iasunusually dry spring, it may be possible to
observe the high water mark (like a bathtub ring) inigewell.

Even if the house is located on sloping ground, the walbde will remain pretty much the
same distance down from place to place since groundvesids to follow the original contour of
the ground surface. It will, however be diverted closethe surface if it should hit a layer of
hardpan or ledge. Of course, it is not likely that theltidbe a dug well where the soll is shallow
to ledge. [More in Sec. 2.0]

Another way to observe high water table is in séelts that are often required to level
a lot for a house or for road construction. Becausgtbund may have been dug down as deep



or deeper than it might have been for a well, the mthg would have been contained in the well
is now free to flow out the side of the cut becausestliledownhill from it has also been
removed. This often makes the water that has belenaélby this excavation easy to observe,
and often difficult to deal with. [Also in Sec. 2.0]

These high water table signals should serve as wartdrggsmeone building a new home
nearby, or an indicator that water in an existingeb@nt is from a high water table rather than
from surface water.

1.3.2 Springs and things

1.3.3 Looking for the signs of trouble in nearby wetlandagd cuts and hillsides
1.3.4 Check septic systems

1.3.5 Check with NRCS, neighbors, town planners etc.

1.4 Condensation/high humidity

Condensation often occurs in crawl spaces and basemithteither dirt or concrete
floors where there is inadequate ventilation, espgdidlie floor level is near the top of the water
table and/or the soll is poorly drained clay or loatheathan sand. It also occurs in basements of
homes that are shut up for much of the year and occuphkgduning hot, humid summer days
when moisture laden air is suddenly allowed into the mpaately ventilated basement. The
moisture carried by the hot air condenses on coolretacstone, metal and even wood surfaces
in extreme cases, and often remains trapped becausasimet enough air movement during
dryer days to evaporate the condensed moisture. Thoaon occurrence in vacation homes,
especially when they are in heavily wooded areas littidnsun and air drainage.

Condensation can also be a by-product of either atagér table or surface water
entering and being trapped in the basement, then evappaai re-condensing onto any and all
basement surfaces, eventually causing severe damagediutture.

Photo shows the results of moisture trapped in a crawl
space causing rot. Note how support post has pushed
up into rotted beam.

1.4.1 Moisture holding capability of air
1.4.2 Thermal mass of concrete and stone

Conclusion It is very possible that both surface and ground watentering the basement which
will require following the recommendations in both g&t$ 3.1 and 3.2 (see outline below) for



total success. In many cases it is also likely ¢xxemely high levels of humidity have ensued
from surface or ground water flooding, and it is possli, tby controlling the unwanted water,
the excessive dampness may be eliminated. Be awareveng situation is very different and
requires careful examination to determine the true caluge problem so that the best path to a
solution can be chosen.

2.0 BACK TO BASICS: Understanding the interaction of soil amnl water
2.1 Difference between sand, silt, clay, loam and hardpan.

Soil: a mixture of any combination of sand, silt and claghwr without organic matter which is
usually limited to the upper layer or topsoil.

Sand: a loose granular material that results from the dignatt@®n of rocks, consisting of
particles smaller than gravel but coarser than Sittil particles range from 0.05 to 2.0 mm in
diameter; individual particles are visible to the unaidg= e

Silt:  soll consisting of granular material of a specific gsaae smallethan sand (0.05 mm) but
larger than clay. Silt particles are small enough tin@y can be suspended for a period of time in
any surface water body before being deposited at therbatt a lake or pond where water is
reasonably still.

Clay: a naturally occurring material, composed primarily oé{fgrained minerals with particles
smaller than the eye can see. Wet clay is plastitiable to the touch while dry clay can be very
hard when compacted (or fired as with pottery) or powddrgn not consolidated. True clay
generally exists more toward the ocean or othersavbare these tiny, chemically active
particles were able to settle out of waters fronntledting glacier.

Loam: is a mixture of sand, silt and clay, that, dependingherpercentage of each material, can
often be muddy and pliable when it contains water.attaso be very hard when it is in its
original state in the ground.

Hardpan: is a general term for a dense layer of soil gendadigted below topsoil. While
hardpan can be clay, it is often a loamy mixture (saittchnd clay mixed) that may also contain
rocks and boulders of any size. Because it is a mixtudéferent particle sizes, the smaller
particles fill in the spaces between the larger sp tika concrete (a mixture of gravel or stone,
sand and cement), it is very dense and resistant fpassage of water and often very difficult to
excavate, particularly when mixed with rocks that thietends to lock in place.

When hardpan soils are excavated, however, likeldlyeand very fine sand which they
contain, they typically become very muddy if allowed&zome saturated with water. Because of
these characteristics, many people mistake loam®sénd and silt for clay.

Regardless of what the exact soil makeup is, loamy amnijhéua soils have tend to keep water
from percolating down through the ground and often contritmutegh water tables and wet
basements.



2.2 Effect of hardpan and ledge on water movement in the ground

When soils are shallow to ledge or hardpan, it inadiEsy to see groundwater running
out of a side hill cut for a road or a house. Waterpeasolated down through the ground until it
hits the hardpan layer or ledge and then moves horiountsil it reaches the surface, or
“daylight,” in the side hill cut. Under extreme condi it is possible to have the soil in these
wet sidehill cuts actually collapse away from the idd#isdue to flowing water pushing out against
it and loosening it up.

2.3 Relation of water table to the ground surface

Water generally has the tendency to follow the grounfhsaimwhich is why there can be a
high water table even on top of a hill. In additiofi,tbp soils in areas where the glacier was
active typically have little soil on them and thel siaat is there is usually well compacted due to
the weight of the glacier, helping to compound the higlematble situation. So don't think that
being up higher than your neighbor is going to lower youugtowvater table and reduce the
possibility of ground water getting into your basement.

2.4 Capillary action

Capillary action is simply the wicking of water throudpie tsoil. Soils that have lots of silt
and clay in them usually draw above the actual watdg.takhat means that if you were to dig a
hole into the ground down into the water table, youdlgably hit moisture above the point
where water will actually puddle into your hole. Coaard and gravel have little capillary
action which is a good reason to have a layer of pasand or stone under a basement slab to
break the capillary action.

3.0 CHOOSING AND EXECUTING A SOLUTION

There have been several instances where I've degaged to dig around existing
buildings in order to waterproof walls and/or install dagie systems only to discover that the
actual problems were unrelated to groundwater.

If a foundation wall is totally watertight, therepsobably little problem with letting rain
water run down against it all the way to the perimdtamn. If the wall is tight, has had adequate
waterproofing and/or water drains quickly through the Hudlre is probably little to be concerned
about. The problem is that many foundations have &b €6 defects that allow the passage of
water.

If you've been able to rule out groundwater and knowdhgbu have is surface water
entering then you'll be able to do your repair neartdipeof basement wall.



3.1 Keeping surface water out

3.1.1 Cut stone, field stone & rubble foundations;

This house has a very porous stone foundation with a roof valley concentrating water into one
area next to the foundation. Sure enough, this is where water is showing up inside in the
basement next to where the valley concentrates its water.(right photo.)

Because some of the drainage jobs I've done have rdqu&do work under the
direction of an architect, I've had to follow his e@emendations rather than follow my own
instincts to determine the problem and come up withpgnogriate solution. I'll start with this
example that involved an old house with a loose stoaedation. | did this project under the
direction of an architect and actuallggravatedhe wet basement problem.

Digging for a shallow perimeter drain that the architequested alloweghorewater
through the porous basement wall. This was the santekaisany folks make when they dig out
next to their leaky foundation wall and replace the palgbackfill with crushed stone either for
appearance and splash protection or to try to mitigat&ter problem. Putting crushed stone
below the ground surface next to a porous wall, eventimithinstallation of a perforated drain
pipe (as a sort of shallow French drain) often fornese water to enter the basement. The
crushed stone becomes a dispersion system in the ssymedoes in a septic drain field. Usually
little water enters the drain pipe, except in a deluge naore water than ever soaks into the
ground next to the foundation where it can find its wagugh flaws in the wall and into the
basement.

What | did to solve the problem on the second tryteaseal the outside of the wall with
a coating of concrete that directed surface water &waythe foundation as it soaked into the
ground, keeping it from streaming through the loose stamnadfation.

Flashing aprons for rock, block & generally lousy foundatio

The success with this project prompted me to use ttfisitpie in many other situations.
Rather than using concrete, however, in most casdg dn a layer of rubber or plastic to direct
water away from the wall. Usually | excavate jusew fhches below the surface next to the wall
and slope the ground down and away at about a 10 to 20 degre¢caalgbut 4 feet out from
the wall, putting the bottom of the slope approximatelytb020” below grade. | rake the earth
smooth, removing all rocks and sticks, and tamp the sufifme. Then | install a layer of rubber
or a couple of layers of 6 mil (minimum) polyethylenenthe slope, right up to the wall. 1 don't
usually worry about sealing against the wall, as my pyiroancern is to direct the majority of the



surface water away from the wall and out into theheattere it can soak harmlessly away,
leaving a dry zone beneath the membrane next to aligust like that under an umbrella..

This technique of installing a membrane just belowgiteeind surface is similar to
installing flashing around a chimney or other structur@@oof. One of its biggest benefits is
that it can eliminate the need to completely excaadtaindation wall all the way to the footing
and attempt to waterproof it, which is impossible witany fieldstone or rubble walls. It is
somewhat similar to installing a full length splashcklonentioned in other basement drainage
articles on the Internet except that it is out oftsigh

I've had success with this technique even when attetopteke the wall watertight
below have failed. One case in particular involvedcall public building with eighty year old
granite block walls. Excavating beside them complegtégam cleaning, remortaring the joints
and sealing them with some hi-tech black goo did not kaethe water as well as this flashing
system that | installed just below the ground surfae #fie other waterproofing had failed to
completely do its job.

In some cases it may be wise to seal the plastigldoer membrane to the foundation wall
if it is smooth enough, particularly if there is aness of water falling from the roof and splashing
against the wall such as is often the case her@iNdnth Country where we tend to shy away
from rain gutters. Though not always necessary, énsetimes also helpful to bed a perforated
pine in crushed stone over the plastic and runs the pigaytght or to a drywell away from the
wall to provide water a way to exit without ponding ie 8tone. The stone provides double duty
in this case, providing a splash guard next to the buildingedl as a porous media for water to
get to the hidden pipe.

Left photo, poly membrane is placed over sloped soil and covered with crushed stone to protect
the poly and serve as splash guard. No drain pipe was used because grade continued away at
the same slope. Right photo, a rubber membrane is used in similar manner, though topsoil was
replaced onto membrane. Both membranes were brought up a few inches onto the wall.

3.1.2 Block foundations: block failure, poor mortar, bucklsgftling

Concrete block foundations often have cracking in thebine between blocks. In
extreme conditions where there may be freeze-thaleswithin the walls and/or acidic ground
water, these forces can actually attack the blocksanse them to disintegrate and turn back
into the aggregate they were made from. This procesdyusagins with the poorer blocks that
are more exposed to the frost or acidic water. s necessary to excavate all the way to the
footing to repair the wall, it may be possible jusgtout the joints, and/or coat the exposed wall
to slightly below ground level and use the apron flashicl to shed water away. In severe
cases, it may be necessary to completely exposeaheaeplace damaged or disintegrated



blocks, and coat the entire wall with Structural Skimaimilar surface bonding cement that will
both reinforce and waterproof the wall

i o

This wall had several disintegrated blocks that were replaced and the surface coated with
Structural Skin. The entire wall was coated before backfilling

3.1.3 Poured foundations: Settling cracks, honeycombing, tierl@aks; pour joints

Poured concrete can develop shrinkage or settling craas,water channels around
form ties, or have a condition called honeycombingrevtibe concrete aggregate became
separated during the pour leaving a porous spot in the wwadlddition, poured walls sometimes
have seams between different stages of the pour, weéetoriginal walls and additions where
the original wall can be anything from fiedtbneto block or poured concrete.

Above left shows the honeycombing that often occurs next to a footing or up in the wall between
various stages of poured sections.

Center photo shows a typical settling crack that usually occurs at some spot in the wall where
there is a break in the continuity of the concrete, such as at form ties, steps in the wall (to
accommodate changing exterior grade), form seams, or window inserts as seen above.

Right photo shows a very porous connection between a poured wall segment at left of photo and
the concrete blocks used to fill in the corner. Each of these defects was repaired with structural
skin.

A combination of proven ingredients:

After digging up almost all the way around one house in a very sandy soil (which couldn’t
possibly have been holding water) | came to the conclusion that it was a combination of events
that was causing water to enter the basement each spring. A deck behind the house was
keeping the winter snow from insulating the ground underneath, encouraging frost to penetrate
the ground. Since the ground below the deck had frozen, it would not allow the spring rains and
melting snow to soak harmlessly away. Because the ground surface was sloping toward the
house, water was forced to run toward it and down along the foundation wall. (The soil next to a



heated basement with an un-insulated wall seldom freezes.) To top it off, there was a seam in
the foundation in this spot that allowed the water to leak into the basement.

Sealing this seam and sloping the grade away from the house solved the problem. This
is a place where | could have used the flashing technique also, but | had not discovered it at the
time

Coincidentally, this is the same house that had a flooded basement in the spring of 2005
because of an ice dam in front of the garage as shown in photo #5 in Photo Quiz on Website.

Applying waterproofing coatings and membranes:

There are times when it is possible to apply a wabeifprg/ damproofing coating or
membrane to the entire block or poured wall such asdéfes backfilled in the case of a new
structure, or when an existing foundation is completetpeated to replace a perimeter drain. If
there is any suspicion that the wall is not watertightyou want “belt and suspenders”
protection, this is the time to do something.

Because the conventional black tar coating that swdractors use is really just damp-
proofing, | often install a layer of 6 mil poly ovemithile it is still slightly sticky if | really want a
waterproof membrane. This covering over the tardtiasr advantages to the installer working
next to it in a narrow trench on uncertain footiniye also used the sticky backed rubber
membrane that’'s used as a water shield under shingle®tsn It bonds well to an old, well
hardened asphalt coating if it has been cleaned welldrgn't like to stick to bare concrete or
stay in place over a fresh asphalt coating. Tackingtié bottom of the siding with batten strips
can hold it in place until the wall is backfille@Photo 3.1.3 F]

While a wall is exposed for perimeter drain installator replacement, | fix obvious
cracks, seams, or leaks around utility penetrations bedgigdar better to do this on the outside
rather than the inside of a wall. Such repairs oaltfeaning out any loose material and grouting
with either expansive hydraulic cement or high qualityllaag designed for the purpose. Usually
it is best to actually widen a crack to get the bedopmance from the repair material. | use an
electric jackhammer to chisel out a substantial opemioguple of inches wide and an inch or so
deep with as rough a surface as possible to provide gripdaepair material. There are usually
manufacturer’s recommendations with these products.

For filing cracks | have always used a material oatiyrdesigned for surface application
on “dry stacked” concrete blocks. The original product eadled Fiberglass Block Bond, and
I've used other brand names such as Structural Skin aagfbs Surface Bonding Cement.
Each of these products has many short pieces of fissrgied in that give it tensile strength
(resistance from pulling apart) that is not a charatieof regular mortar. For filling cracks, |
generally mix the stuff rather thick, more like puttyrtithe yogurt like consistency recommended
for surface spreading, and | often add concrete sandd@ive it more body for filing in holes.

I've used the stuff for foundation repairs, fixing sepaicks, building a hearth for my corn
stove, and lots of applications for which it probabswot intended, with excellent results. But
because one of these products is made close by in Soliteer Hampshire, | contacted their
sales consultants to see if this was the best produtité application. The consultant suggested
that adding sand to the product would reduce its waterproddility,avhich seems sensible.
When I've used it with the sand mixed in to fill majoundation flaws, however, I've also used it
“full strength” as it comes from the bag, with no samgled in, as a skim coat over my repair
after it hardened to insure the repair is waterproonstelad of doing this, the consultant
recommended using another product that appears very smlled, “Foundation Coat” for



filling in cracks and voids. I've not had a chance te g the field as yet, but from the little
testing I've done with it, it looks like it will behasmirably. DIAGRAM

Above left photo shows a typical wall crack that opened up at a form tie. Middle photo shows
crack widened out with electric jackhammer to receive masonry repair. | always wash out the
crack with water to remove any dust that might interfere with the repair material bonding to
concrete. Right photo shows fiberglass reinforced surface bonding cement in place, totally filling
crack and opened area. It is best to keep repair material moist for a period after it is applied,
though if the wall is backfilled the same day this is probably unnecessary. As always with any
product of this nature, follow the manufacturer’s recommendations for best results.

Another material that is often used for repairing ksas quick-set, expansive hydraulic
cement. It consists of some fast setting chemibalsgroduce a non-shrink, high strength,
durable mass. It is considerably more expensive ti@a&tructural Skin or Foundation Coat that
| use, though its cost is well justified when its usedristant plugging of severe leaks in concrete
structures, even under water. Besides the cost, trevdigage I've found to working with it is
the extremely short working time that makes it diffidoltuse for filing large cracks. If you do
choose to use it, follow the manufacturer’s directica®fully or you could end up with a mixing
pot filled with useless, albeit rock hard, crack filler.

3.1.4 Utility penetrations
Another way water can get through a wall is aroundypknetrations such as sewer,
water or electrical conduits. This is one of thosmaarthat may be well served by grouting with
the hydraulic cement just mentioned, especially ifthesonly, or one of just a few similar areas
leaking, and the repair is to be made from the insideinA@@low the directions included with
the product such as opening up the area to receive theagrdpiace it quickly once it is mixed.
If I have had to dig outside the basement anyway tarrefieer areas, | generally stick
with the Structural Skin or Foundation Coat type produdht giod results. The only time this
can get tricky is if there are several pipes or wiested together at a wall penetration. It may be
difficult to work the masonry product tightly enough betwdnwires or pipes to get a complete
seal. In this case it might be wise to use siliocmnether high quality durable caulk to make a
seal around the pipes or wires, and then grout the wholg gvith the masonry caulk.



During the 2005 season | was faced with this situation, having several wires penetrating
a large opening in a basement that had several other leakage problems (LEFT PHOTO). | used
a Duck Seal type flexible putty available at electrical supply houses and worked it carefully
around the wires with my hands until | was satisfied that | had it tight to the wires (MIDDLE).
Then | filled the opening around it with grout. (RIGHT) Note that | sloped the wires uphill toward
the house as much as possible so water would run down away from the house. The only
problem is that this penetration is right below a roof valley that concentrates large volumes of
water in this location.

I've heard back from the homeowner that since my extensive repairs on their basement
this is the only location where they’ve had some leakage during early winter rainstorms. In
hindsight, I think I might have been better off with caulking rather than duct seal directly around
the wires because caulk is more fluid and sticky and probably would have filled the little spaces
between the wires better than the duct seal.

| revisit the job in 2007 and removed the duct seal and replaced it with a good grade of
caulking which cured the leak. Then a new owner of the house had the electrical entrance re-
routed up above grade where it should have been in the first place so now there’s absolutely no
chance of a leak!

3.1.5 Windows, window wells; low bulkheads and entrances

In the case of foundation windows, it is not alwayssilade to shed water away because
the bottoms of the windows are often too far belmigli grade, requiring the installation of
window wells. These often consist of corrugated gabeghsteel half circles but can also be
made of pressure treated wood or masonry. The goamske the top of the window well high
enough to be able to slope the surrounding ground surfacefimnathe house. A problem
arises when the window well is directly below thefrdiap, especially in a climate like ours here
in the North where rain gutters are seldom used (besmase and ice fills them, making them
useless, or ripping them from the building!)

The solution I've found is either to cover the windail with a clear plastic dome that
also keeps out leaves and critters or to create adnywiell under the window well. This allows
rainwater to soak away into the ground before it csaup and find its way through the window.
This can create another problem if the wall belogvwindow well is porous, just the same as it
did at that architect’s job in section 3.1.1.

In this case | often use the flashing technique una@ewthdow well if there is any
guestion about the integrity of the wall below the windbdig out a few extra feet beyond the
well and slope the soil as | explained for the surfshing apron. Then | install the plastic
membrane on the slope, place crushed stone as a mugldigr any rainwater that may enter,
install the window well structure and then backfill he tsurface. DIAGRAM [Photos 3.1.5 A, B]



With regards to low bulkheads or entrances, about tlgdagical solution is to change
the grade away from them [Note Court Case at 1.2]. mhisrequire creating a swale, that is, a
shallow and wide ditch that carries water away iféhBre surface grade cannot be resloped .
The wider a swale can be constructed, the easielf levio maintain, and to walk or push a cart
or wheelbarrow through it during yard maintenance.

If the entire yard area surrounding the bulkhead or es#rsiopes toward it prohibiting
the construction of a reasonably shaped swale (rdthara dangerous ditch) to redirect rain
water, the next best solution is to install a cdtasin/drywell. This can be constructed of a short
piece of plastic culvert pipe standing up in a hole withst ton frame & grate sitting on top.
Rainwater can be directed towards this structure balingt the top of the grate several inches
below the lip of the bulkhead or threshold of the emteariWhile the structure can be always be
considered a catch basin, it can also become a drgegdnding upon the disposition of the
water that it collects.

Water entering this catch basin can be carried &waypipe running slightly downhill to
daylight, or it can soak away in the ground through holdediin sides of the culvert as well as
through the open bottom. The catch basin should be saleduy crushed stone, the more the
better if the soil is poorly drained and/or the surfdiae drains toward it is large. Just be careful
when turning the structure into a dry well that you areimviting surface water into the ground
too close to the basement, perhaps adding to an exgstobéem with surface water getting in
through flaws in the wall.

In situations where I've not been able to run anedwt daylight and chose not to rely on
the stone surround the catch basin to get rid of therwiate run the pipe to a drywell that I've
installed some distance away, making a careful recoitd lofcation in case the need for future
maintenance arises. I'm always reluctant to instadlywell within an area that’s going to be
paved with either asphalt, concrete, or patio blockaulmez've found that, no matter how big a
drywell is constructed, in time it is likely to plug up witie debris that rainwater can carry. By
putting the drywell in a remote location that can b&lydug up in the future, | protect the
integrity of the area that is paved.

The technique for making this culvert catch basin istidal to that used for making a
pump sump pit at Section 3.3.2. I've built them for walkwaydrances and parking lots. The
concept is to collect rain water and allow it to sow& the ground or carry it harmlessly away
just as the catch basins and drywells located on odraond highway systems do.

Left photo shows a drywell for a separate catch basin that’s located about 30" away in the
middle of a concrete pool patio. The patio abuts a house and the entrance to a garage with no
place to send rainwater that lands on the patio from the house and garage roofs that shed onto it.



The drywell consists of 18” smooth interior wall culvert with a 6” pipe leading into it from the
catch basin and a concrete (septic tank) cover (center photo). Note the holes in the plastic
culvert to let water out into crushed stone that surrounds it. The catch basin in the patio is built
the same as the one in the right photo except that it does not have holes in it and crushed stone
around it.

By contrast, the catch basin in the right photo doubles as a drywell because the ground
surface surrounding it is not going to be paved so the catch basin/drywell can be rebuilt where it
is if the soil around it ever plugs up with litter and debris. Note that it is located in the middle of a
landing area just a few feet away from the step up into this house and about 7” to 8” below to
provide a safe and comfortable step height into the house after the catch basin was backfilled.

An important final step before backfilling is to cover the whole catch basin and
surrounding stone area with filter fabric (nonwoven preferably). | leave the grate or cover off the
catch basin frame until the fabric is in place and then cut out a hole inside the that's a couple of
inches smaller than the diameter of the cover. Then | set the grate or cover into the frame which
locks the fabric in place for backfilling.

Placing the filter fabric in this manner reduces the possibility of water and soil creeping
down the outside of the iron frame that the grate sets into as rainwater flows to the catch basin. |
believe that this soil migration is the cause of many catch basin failures because the migrating
soil and water opens increasingly larger paths for more soil and water to run down into the stone
below, eventually causing all the soil around the catch basin to cave in.

This seems to happen even on paved areas when pavement shrinks away from a catch
basin and allows water to seep down beside the catch basin frame, starting the erosion process.
This is another less | learned the hard way and have since prevented with the use of the filter
fabric barrier.

3.1.6 Unique problems
Sloppy Morticians: On one job | was required to dig up an entire wall only to find that the problem
occurred just a few inches below the surface of the ground.

A full basement had been added under a local church many years after it was originally
built. The original foundation’s granite slabs had then been set on top of the new concrete walls
and the church set back onto them to maintain the church’s original appearance above ground.
When we dug up the wall, we found it to be in excellent condition in spite of the fact that water
had been entering somewhere.

What we discovered was that the morticians (the guys who put in the mortar) had filled
the irregular spaces between the granite and the poured concrete, they had let the mortar settle
away from the granite just slightly. This tiny gap allowed rainwater (which accumulated next to
the building because of the roof drip) to channel into the basement behind the finished interior
wall that hid the whole process from our view on the inside.

To make matters worse, the basement window wells were filling with rainwater from the
roof, so much so that it was coming in around the windows. We constructed dry wells below the
windows, as | just explained above, easily relieving this problem, while the leakage between the
granite and concrete was stopped by sealing the cracks with masonry and a layer of plastic.



3.1.7 Surface grading errors. [Photo 3.1.7] Surface grad&sstedead water away

This house had water entering the basement during heavy rains. Left photo shows water
line on the plastic window bubble on a basement window well. This indicates that water had been
pooling in the depression shown at the left side of the level in center photo and leaking by the
edge of the bubble and through the window. Rather than trying to seal the bubble completely
against leakage, in this case it was much easier to reshape the grade into a gentle swale that
directs roof water harmlessly away.

| use a grader blade attached to my backhoe bucket (right photo) for this type of land
shaping. After the swale was shaped | topped it with a mix of 1 ¥2" and %" stone for erosion
control, splash protection and appearance. There was no need for a membrane in this case
because the roof overhang is about 4’, typical of the houses in the old country where the builder
of this house was born.

3.1.8 Gutters, downspouts and the North Country- Stone gplasts & drip edges vs. gutters
& downspouts

While gutter & downspout systems have never been vewylaohere in the mountains of
New Hampshire because of the effects of ice and smotlieam, they are certainly recommended
for milder areas of the country to collect and direater away from the house.

Never connect a downspout to a perimeter drain linéetorof contaminating the
perimeter drain since this interconnection would cregtetential source for debris to wash into
the perimeter drain. Instead, run a second line toglaydir to a drywell away from the
basement. Pipe is cheap enough to avoid the risk ofroovating the perimeter drain line with
debris or dead critters that can enter through a rooéigattdownspout system.

In conclusion, anyone with a water problem in an sinahdoesn’t usually have poor soll
conditions with a high water table should closely exantheir situation before insisting on a
course of action. It could be the problem may be sdivevery little cost, without the need for
equipment and the resulting mess. There are few jobs tedious for a contractor than having
to dig up around a house without destroying the landscapentieeground utilities, or his back,
trying to spare the first two.

3.2 Groundwater, the rising tide:

The fact is, if it were easy to make residentiakbaents absolutely watertight, other
problems might occur. | say easy because the baseafentsyy commercial buildings and other
below ground structures such as Boston’s Big Dig are lasi#rgially watertight (or were
supposed to have been). However, their constructids eos extremely high compared to
typical residential basements because their wallslaod $ystems are built to far different



specifications. This is not only to keep water outdlsib to keep the pressure of outside water
from causing damage. Consider this situation | heard aswetal years ago.

Foundation disaster : | happened to be talking with a couple who | had done a small job for
some years before and asked them how it had worked out. They said that what | had done was
fine but an unrelated misfortune had befallen the house. During one extremely rainy night they
awakened to a strange sound that seemed like wind at first until they realized it was coming from
their basement.

It seems that excess rainwater had soaked into the ground around their home because
the home was located in the lowest section of their development. The extreme pressure from
this accumulating ground water around and under their house actually buckled up their basement
floor, causing the soil from under the floor to erupt six feet in the air and bury their washer and
dryer. Inthe process of this soil displacement, the foundation was undermined and parts of the
wall dropped more than a foot. They abandoned the house.

I know of a similar catastrophe that befell a newd®here in the mountains one spring
when the nearby river rose unusually high, saturatingtbend surrounding the house without
actually flooding the area. Because the basementtiadnot yet been poured, the water rushed
under the wall and up into the basement with such fdwaeitt undermined the wall and caused
the foundation to collapse.

Although these are extreme examples, they do demtmgteadestructive power of
water. These foundations were likely built in a marsi@ilar to most residential basements.
What destroyed them was having groundwater flow under #tls 8o fast that it undermined
them. In the first case, the pressure had to liftageh cracks in the floor before it could rush in
and cause it to fail. As for the second, I'll bet teagn if it already had a typical poured floor, it
probably would have failed anyway because of the extpre®sure and volume of water.

Had either basement filled with water through a bulkheaatlzer opening as happened to other
houses in the same spring event that destroyed thedstzonation, the water would have
equalized the pressure and the foundations probably woulthretfailed. Or, had the outside
water risen slowly and the basements leaked it inefastigh to equalize the pressure, like waiting
until the car in the lake fills up before trying to opgka door, they would not have collapsed. It
was the rapid rise of the water outside the buildings matiplace to go but under and inside that
doomed these two structures.

I've seen less dramatic results of hydrostatic (Waterssure in countless other basements
that have developed pressure cracks in the floor, craak®tten yield water during the spring
each year. If it were not for these leaky crackssmaims around the edge of the floor, even
slowly rising groundwater might force pressure to build ug pmint greater than the ability of
the walls, and particularly the floor, to withstandAitso, if basements were absolutely watertight
and strong enough, they might even float like our bokeénbathtub.

If that sounds unlikely, ask someone about the conshgps that were built years ago.
Or, just consider that few of today’s boats are madebatmaterial that would float by itself
such as wood, but rather are made out of somethingbi&egfass or steel that will float fine only
if the water is kept outside its shell. Like most shifzd have pumps to keep out any water that
might leak in, many houses have sump pumps to dischargethateould otherwise damage the
basement. Fortunately, when water is pumped out ofasentent, the water table around the
house is lowered, (like pulling the plug on the bathtub'sygralieving the hydrostatic pressure.
This is likely the reason we see few floating housesropting floors. On the other hand, there



have been many concrete structures, specifically tighieseptic tanks, which have floated out of
extremely wet ground just after they've been pumped out.

Perimeter drains: creating a dry island- the most @ffesolution

The traditional manner of keeping a basement dryiisstall a perimeter drain around the
outside of a building during its construction. In many saise still possible to install a perimeter
drain around an existing house that’s found to have agrobith a high water table. The
advantage of installing the drainage system outside thel&dion is that it will intercept
groundwater before it ever reaches the foundation. Bea#Hube severe conditions |
encountered when building my own home several yeard'dgse my experience as an example
to illustrate my point.

An extreme case ... Just as we started sitework for my new house in the fall of 1976, we were
deluged with rain. This untimely rain aggravated an already difficult groundwater situation and
made me strongly consider forgetting the idea of building that year. However, with patience (and
a good pair of rubber boots) | was able to get the perimeter drains installed four feet outside of
where the house was to be located before | started digging the cellar hole. Within days of
installing the drains | was able to excavate as if it were a dry summer in spite of the fact that it
was mid fall when the water table usually rises.

Thirty years have passed and we have never been bothered by moisture in the
basement. This is in spite of the fact that our original springtime water table was just two feet
below the surface of the ground, and we are built into the ground about six feet on a gently
sloping side hill.

3.2.1 Locating and restoring a lost drainpipe

Several times in the last few years I've discovehen outlets for perimeter drains that
homeowners were not aware they had. When theyllezlaae to troubleshoot a wet basement,
I've looked for existing drain outlets where clues haviated me, uncovered the existing outlet
that had been buried, perhaps for many years, and dkditizeir water problems with five
minutes of hand shovel work. [Photo 3.2.1 A, B]

3.2.2 Location and depth for new and retrofit installatidn@n possible

Conventional perimeter drains are usually
constructed as shown in Figure A with 4” pipe laid at the
base of the footing and bedded in porous material to
encourage water to flow into it. Usually this scenasio
entirely satisfactory, though in some cases capidlatipn
within poorly drained soils can still make the cellaof
damp even though it is above the water table that is kept
from rising any higher by the perimeter drain.

One way to reduce water’s capillary action under a
floor is to install a layer of crushed stone entitghgler it,
as water cannot wick through this coarse aggregate.
Although this can be costly and is limited to new
construction, it is required by some building codes.



A layer of crushed stone does help to assure a dry basesilong as it is connected to
an outlet that carries water away, and it has a skecgmse for radon mitigation in areas where

radon can be a problem.

When drains are properly installed, they keep water dwaythe basement by lowering
the water table around the house, preventing waterdrm@nreaching the cellar. This is, truly,
like creating a dry island or like taking our boat compjeteit of the water so no water can

possibly leak in.

3.2.2 a Installation errors:

In many instances where I've been asked to
troubleshoot and resolve wet basement problems, I've
uncovered drain pipes that were installed above thenfpoti
allowing water to rise to the level of the floof.the builder
made the additional mistake of installing the drain pigé wi
the holes facing up, then the water level is forcedstto
the top of the pipe before it can get into the holekénpipe.
Other times there is little or no porous bedding mdtand
pipe inlet holes are plugged with soil. Oftentimes | fiodhb
errors on the same job. [Photo 3.2.2 A, B]

3.2.2 b Locating the pipe for optimum

performance:

The first thing to consider when
placing a new or retrofit drain pipe is gettin
deep enough to lower the water table far
enough below the floor to reduce the effects
of capillary action, especially if stone is not or
cannot be used under the floor. This is an
obvious choice for a retrofit situation where it
may be impractical to tear up a floor to run
interior drains but is possible to dig on the
outside, and it just may be that installing the
outside drainpipe lower is a cost-effective
alternative. For new construction and retrofit
situations | try to place the drain pipe a foot
or more lower than the bottom of the footing
whenever possible and far enough away to
avoid undermining the foundation. This

usually means 2’ to 4’ or even more if
necessary to protect landscaping or porches
and similar structures. (see curtain drains

below)
3.2.2 ¢ Upstructions:

Figure C shows how | installed the drains
for my house, which is the same procedure
I use for drying out existing wet basements
wherever conditions permit.



Once in a while it is impossible to place a piperdtedow the bottom of a footing
because of obstructions such as immovable boulderd@e.leAt times the footing may be
poured around or right on top of the obstruction. I'veoentered this situation several times
and have attacked the problem by washing the rock suotizae (pressure washing would be
ideal) and grouting (sealing) the rock to the wall wigtrang, well bonding masonry product
such as Structural Skin or Foundation Coat. This maswalkeeps water from entering under
the footing, and is formed into a “cove” shape thatlmagradually sloped away to divert water
from the rock or ledge to a point where it can be pickebyug conventional perimeter drain
system if possible or necessary. This technique recail@sof patience and a little luck to be
entirely successful, but it is often easier than grymdig a ditch through solid granite.

When a wall or footing is poured directly on
ledge it is often not well bonded to the ledge to
make a watertight seal. Cleaning the ledge and
grouting the seam can keep water from seeping
through regardless of whether a drainpipe is
installed. It can be prudent to also seal the

seam between the wall and footing while the
area is exposed, just in case...

On the other hand, if the ledge is soft and/or fradtere®ugh, it may be possible to slot
through the rock with a jackhammer to install the pideveehe footing. A few hours work with
an electric or pneumatic hammer can make all the €liftsx between success and failure of a
drainage project.

Left photo shows a partially disintegrating block foundation sitting on ledge. This is the wall
shown on the photo quiz on the Website where the previous owner told the present owner that
there was “moisture in the basement when it rains.” In fact the ledge and the porous blocks
created a small river whenever it rained. Neither was the footing sealed to the ledge, nor were
the blocks sealed to the footing or to each other very well. The elbow on the near end of the
drainpipe in the ditch bottom and the pipe sloping up to the left of the photo are there simply to
protect the end of the drainpipe until the ground is prepared for the next section of pipe.

Fortunately the ledge was soft enough that it was able to be slotted with an electric
jackhammer (center) enough to fit in a 4” drainpipe (right) through the high spots in the ledge.
Before backfilling, the entire wall was covered with Structural Skin inside and out to reinforce the
deteriorating blocks and waterproof the surface.

Rule of thumbIf the ledge or boulder is smooth and hard, grouting eingamight be
the only practical alternative. If the ledge is saoitl &reakable, cut a slot in it to assure
lowering the water table below the floor.



3.2.2 d Providing a cleanout: Whenever possible, | irstie or an elbow on the drain line at
the origin of the pipe (the opposite end from the outldtizh is usually the high point, and
extend a riser pipe to the surface of the ground nextetbhduse. This riser serves as both an
inspection point and an emergency cleanout if ever sages| cover the end with a 4” plastic
cap and mark the location. Often it’'s possible to nthkecap flush with the surface of the
crushed stone that | usually use as a splash guard néet fmundation, leaving the end of the
pipe nearly invisible but easily accessible. It iphdlto make diagrams or take photos to record
all such locations. [Photo 3.2.2 D]

3.2.2 e Curtain drain:

There are many retrofit situations where it's imfasego dig right next to the house
because of landscaping, paving or a deck or porch. Height mstall a drain only on the
upgrade side of the house as it is often only necessartercept water moving through the
ground downhill toward the house to eliminate a moistuoblpm. This type of drain is
considered a curtain drain rather than a footing or peeindrain, especially if it is several feet
from the house. Its effect remains to lower theewgdble on the downhill side in order to
protect the house.

This is an important consideration particularly fareét installations as it can greatly
reduce site disruption and the cost of excavation. Ta&ldantage is that the drain might have
to be extremely deep into the hillside in order torcept water deep enough to be totally
effective. With today’s excavators, however, thiess of a problem than in years past, as long
as there is enough room to work. DIAGRAM

3.2.3 Bedding material:__ CONCRETE SAND VS. STONE

In order for the perimeter drain pipe to pick up watecassfully, it needs to be
surrounded, or bedded in a porous material that allows wapess easily through it and into the
pipe. The traditional material specified for this useitshitects, engineers, builders and basement
drainage companies consists of small stones thatdemrewashed and graded. They are
produced by screening either bank run gravel (the stufttiraes from the ground just as nature
left it, generally yielding rounded stones), or crushed Ivan gravel or blasted ledge (yielding
angular, sharp pieces). Screening gets out the piecesr¢habth larger and smaller than what
the specification calls for, while washing removes diast that can contaminate the stone for
drainage purposes. It is this dust size material, mutthalost invisible to the naked eye, which
is what we referred to as “fines” in Section: 2.1.

Here is a warning to those who may be unfamiliar with these materials. There seems to be a bit
of confusion in the terminology used by architects and engineers and those of us who handle
these materials in the field regarding their correct names, at least in my area of the country. The
professionals tend to call gravel what us practitioners refer to as stone, since we use the term
gravel to mean material that contains everything from larger pieces of rock down to sand, silt
and clay. This is the stuff that is used for road construction rather than drainage. It can be bank
run gravel, just as nature left it, or crushed bank run gravel, meaning that bank run gravel has
been run through a stone crusher so that none of the stones exceed a certain size.

To us who work with the stuff, crushed stone refers to stone only, without the fines
between the stones to hold it together for surfacing gravel roads. In New Hampshire, we refer to
1v%" washed crushed stone as “septic stone” because of its use in septic leaching fields. In



addition, it is also widely used as “drainage stone” as it is called in the April 05 issue of This Old
House magazine, though the article does not assign a size to the stone. Smaller stone, crushed
and screened to %,” can also be used for drainage purposes, and, although it is typically
somewhat more expensive than 1%4"stone, it is much easier to shovel by hand than the larger
stone. It still does a super job of allowing water to pass through. Peastone is smaller still and
much more expensive. Although it passes water very rapidly, | have little experience using it for
drain pipe bedding, except to say that my local aggregate supplier offers a ¥ stone product that
has smaller stone mixed in for use as concrete aggregate.

While the use of these terms seems academic, it can, in fact, lead to a real
miscommunication between a customer and his local sand and gravel supplier. My local supplier
tells me that there have been times when he’s had to send an empty truck back to a customer’s
house along with a loader to bring back a material that turned out to be something different than
what the customer thought he’'d ordered. Be aware of what you are ordering.

3.2.3 a The problem with stone...

Many years ago | heard a civil engineer speak at arcotisn seminar about
troubleshooting foundation drainage systems. He claimédve found that one of the most
common reasons for drainage system failure is fingsatimg (washing) into and plugging up the
bedding stone.

Because “drainage stone” is so porous, in some casasnot hold back the original soll
when it's used as bedding for drainage pipe. Forty percaheofolume of 1 %2” crushed stone is
“voids,” or openings that, because they allow watgyass readily, can also permit silt from the
original soil to wash into the bedding as well as thi® pipe, plugging up both and leading to
failure. [Photo 3.2.3 A]

To prohibit stone from silting up, it should be wrappefitier fabric to hold back the
original soil. Water still passes through the fabtit tthe soil stays in place.

Filter Fabric is synthetic cloth-like material that is used for several types of construction related
applications such as erosion control, road stabilization and soil separation. It can consist of
either woven or non-woven fibers in varying thicknesses or weights. It is available in 12 to 15
foot wide rolls several hundred feet in length. Woven fabrics (usually black) resemble the stuff
that modern day grain bags, silt fence, and some weed control barriers are made from. Non-
woven fabrics can resemble a range of materials from soft felts to the stiff shiny house wrap (to
which they are closely related) usually seen enveloping homes under construction. It is the non-
woven fabric that is generally used for wrapping stone.

I've used this technique when dealing with a very higtemwtable in a very tight (fine,
heavy, silty) soil where | had to guarantee effedatirsgnage for a local church building in my
town. We actually had to dewater the site with sump punspalled about 7’ below grade in
several stations around the site before we excava#tdr excavating the cellar hole we placed
4” septic system pipe bedded in %" stone and completely walapgiter fabric. We ran these
pipes around the perimeter of the footings and from ooiknfp across to the other in several
places to assure effective results. Because the cisuodated on flat ground with no way to
provide a gravity outlet, the pipes lead to a sump underdhe stairs of the building where a
pump ejects the water out to the storm drain in thetstréhe system has worked without a
glitch for over 15 years except when the pump plug corrodeggbno cause the plug to short
out several years ago. [Photo 3.2.3 B]



3.2.3.b The alternative to stone

With all of that said, I’'m now about to suggest aeralitive to using “washed, crushed,
graded, septic, drainage stone” as bedding for drainage pgpartdd using this approach about
1970 when working on agricultural drainage systems under thetidivef our local branch of
the Soil Conservation Service, now known as the NMaResources Conservation Service
(NRCS). Our local District Conservationist, Jim Hginsed to do battle with contractors hired to
install agricultural drains, as most of them felt tiety had to use 1%2” stone around the pipes to
be effective. Jim had a different approach that nttwarked, but actually had some
government research behind it done by the Army Corfsngineers.

Jim struggled to get contractors to use “clean, shaqy s&n can still hear his ghost
saying. It seems that sand, the cleaner and colisseetter, passes water readily yet keeps the
trench more stable than stone and allows lesdiséis] to pass into the system. As a result, the
sand has come to be known as a “filter materialufasterground drainage systems.

Filter material: According to the American Iron and Steel Institute’s

Handbook of Steel Drainage and Highway Construction Products, New York ,NY 1967:

“Early subdrains consisted of a trench filled with coarse rock (“french” drains) which quickly silted
up. Extensive research by the U.S.Waterways Experiment Station at Vicksburg, Mississippi,
shows that a graded material roughly equal to concrete sand (AASHO Specs) has been
found most suitable. Such material gives better su pport to the sidewall of the trench and
thereby reduces erosion and silting. Filter material should be placed in layers and tamped.”

(Notice the reference to our friend, Judge French)

One of the advantages of the concrete sand recommbwydee Corps is that it should be
universally available at a fairly constant specifmatanywhere that concrete is supplied, since it is
one of concrete’s key ingredients along with crushedesémid cement. Sand is considerably less
expensive than stone, although this should not be a e@jsideration when drying out an
existing wet basement or preventing a new basementdaiting wet is at stake. It's certainly
much easier to shovel than stone which is a big pltisetinstaller, considering that there always
is a certain amount of hand work when placing the beddiddeseling the pipe.

I've used sand as bedding ever since in all but theestatbnditions, such as the church
mentioned above, with outstanding results. [3.2.3 C]

3.2.4 Pipe choices: A holy (but not divine) dilemma:

The only drawback to using sand is that the perforated pigze that is available today
for septic system applications has holes that aréatge to hold back sand adequately. Most
perforated schedule 20 “thinwall” Sewer and Drain pipe (S&f)es with %2” or, more often,
with 5/8” holes.

Until the early 1970’s, there were a couple of manufacdwe4” black fiber pipe, called
Bermico and Orangeburg Land Dry tile, with 5/16” holes desigorimarily for land drainage
applications. Although these holes were still a liglge for sand, the bedding we most often used
at the time was clean bank run gravel that containsdlosharp sand and larger stones. This was
because another of Jim Haine’s rules was that 25%edsetiding material should be larger than
the holes in the pipe. [Photo 3.2.4]

We could use modern, large holed perforated pipe and stitl timat criteria by bedding
with clean bank run gravel. Or we could use concrete @atidhen add %2 stone just under the
pipe, on top of the sand bedding filter material. Thisild@llow ditch stabilization with the



sand, and keep the sand from washing into the pipe becktigestone in immediate contact
with the pipe. The sand holds back the original soillevthe stone holds back the sand.
DIAGRAM

While this approach of using sand and stone to propedlyH@elarge holed pipe creates
an extra step beyond just using clean bank run gravglbpftan still easier to install. Typical bank
run gravel, unless screened, can have stones of @making working with it by hand much
more difficult than with graded sand and stone.

ANECDOTE: The truckload of hand drilled 5/16 hole PVC pipe

An alternative to this labor intensive bedding apprdaeh | developed in the 1970’s is to
buy solid pvc or polyethylene SDR (Sewer & DRain) pipengtall, schedule 20) and cut slots in
it rather than buy the same pipe with large holes. huseadial arm saw to cut the slots by
setting the blade up about 3” above the table and slichogigh about % the depth of the pipe
every two to three inches or so, just like a butcheing meat. | wear goggles because the
resulting pipe chips are very sharp, and | count my fingeiare and after each session. It only
takes a minute or two to slot each pipe. Rigid polyetteyter modern, good quality PVC pipe
generally resists shattering when the sawblade passesh unlike early PVC pipe that was
quite brittle.

The 1/8” slots that result seem to let in water jingt &nd yet keep the concrete sand from
entering the pipe. The pipe is installed with the slatey down or turned slightly toward the
direction of incoming water. Occasionally I'll useetheavier grade 4” SDR 35 sewer pipe, but
I've only used Schedule 40, the heavy stuff used for dnasnda a house, for outlet lines if there
is a possibility the pipe may be driven over, or atdbtet to offer greater protection.

Left photo is modern polyethylene pipe slotted for use as perimeter drain to be bedded in sand.
Right photo shows a similar slotted pipe that | installed as a drain in 1984. | connected a new
pipe for a spur line into the nearby basement by drilling into this pipe with a 4 ¥’ hole saw during
summer of 2005.. Note the minimum of silt collected in the bottom of the pipe in 20 years

Why don't | just use the readily available 4” corrugateded black pipe that has the
narrow slots every so often all the way around itsuchference? Our local NRCS soil
conservation district recommends against using this piper area because of the amount of iron
in our water that stimulates an iron bacteria. Algeroseen in wells, this iron ochre as it's called
is caused when iron carried by ground water reachesrtimeaa open pipe (or well), turning it
into the red goo seen in the photo below. This gogtanup slots that are too narrow, causing
failure of the drainage system.

| have had at least one e-mail from a reader oftteswho related such a problem with
this thinly slotted pipe plugging up with something that souridedron bacteria. During a
recent basement drainage project that | did myself, dwered the pipe shown below next to a



foundation. The pipe was filled with iron bacteria anduaculated silt that had just about stopped
any water from entering the pipe. I've also seen eweéef this red slime around many perimeter
drain outlets in our area because of the high iron acbmeanany of our soils.

This pipe that | dug up during the summer of 2005
was partially blocked with silt. The rust color is apparently
due to so called iron ochre which is a slimy yellow-tan or
red jelly-like substance made up of iron deposits mixed
with bacterial slime. By itself it can cause failure of
subsurface drains by clogging up the filter material.

Much of the collected silt washed out when the end
of the pipe was uncovered and water started to flow.
Although the pipe had been correctly placed at the bottom
of the footing (to immediate left of pipe), the stone bedding
was almost totally filled with silt and the red slime.

It is for these reasons that | prefer to slot my@ipe with the larger 1/8” slots, and also
because rigid pipe is easier to keep on grade during installaéilso, most rigid pipe has a
smoother inner surface than the corrugated pipe allowir(@fsen picked up in the pipe during
construction, especially if it is installed when thater table is high) or algae buildup to pass more
easily, helping the pipe keep itself clean. This can lzddo keep the pipe clean if a small critter
makes his way up into the pipe to store goodies for wsrtacking. Springtime water flow has a
better chance of washing out his leftovers (and perhiapg he didn’t make it through the
winter) through smooth pipe. See Rodent Guards 3.3.13.2.4 D ]

3.2.4 a Exceptions: As with anything, there are exceptio the conditions that require such fine
bedding as sand. High water tables can exist in coamsly ®r gravelly soils just as they can in
tight hardpan soils, especially in low lying areas. bigedifference with these soils is that they
are more porous, that is, they allow water to passigir much more quickly than tighter soils do
because the relatively large size of the smallesictestin the soil creates larger pores. This
means that the drain pipe may be expected to carry mohwater when the water table is

high, so the pipe should be allowed to pick up as much waigumiekly as possible from the
surrounding soil.

In these instances, | generally return to the pradtiaising stone as bedding. If the soil
bears water rapidly yet is very fine sand or silt, the church | mentioned, it may still be best to
wrap the stone with filter fabric as discussed. éfsbil is coarse sand or gravel with few fines,
either %" or 1%2" stone may provide adequate bedding its&lbut any fabric. The relatively
“large” size of the smallest soil particles is prolgalbstantial enough to keep them from being
carried by the groundwater into the stone and plugging it emelRiber, though, that the smaller
¥, stone is easier to place and it may, in fact, gl®@g@omewhat more of a filter than the coarser
1%%"stone. | know of one town here in New Hampshiré pinafers to use % stone as filter
material for road underdrains because the road forentiamdsethat the smaller stone can help
hold back the original soil to prevent the failure af tiedding without using filter fabric. |
suspect he’s right when he’s in coarser soils, buhktihmay be a recipe for failure in fine, silty
soil.



Over the years | have dug up many poorly functioning basedrainage systems and
often found them to be 4” pipe with the larger holes beddé&:” stone, if anything. In many
cases the stone was not plugged with silt, but was suglyisiiean. The reason for failure was
not that the pipe or stone had plugged with silt, but ratterthe pipe was installed too high
(above the footing) to lower the water table adequateprotect the basement floor. It's
possible that the stone remained clean because grouncheaéz made its way up into it because
it found its way into the basement first!

3.2.4b Pitch: The pipe around the house can virtuallyithéelzel as it needs only the slightest
pitch to carry water successfully, unlike a sewer Ivad ts designed to carry floating solids. 1/16”
to 1/8” per foot (.5 to 1%) is more than enough pitch, thaugteeper pitch is perfectly okay if
enough elevation is available

Porous (perforated or slotted pipe) should be used ortgiarea that needs to be kept
dry, especially if the outlet pipe runs near a septiegygsee local codes) or if there are trees
anywhere near its path. As soon as the pipe has p&ssarkt that needs to be kept dry it is
essential to switch to solid pipe with watertight jeimthere possible to discourage tree roots
from entering and plugging the pipe. | prefer to use SDR 35tpgiaes heavier than the thinwall
that | use next to the foundation. SDR 35 is availafile tapered joints that should tighten up
beyond what a root could ever get through when tapped swlgther during installation. More
at Section. 3.3.1: Outlets

| tend to be cautious and recommend providing the gredggste of protection possible,
especially when it really is so easy to accompligfnggquently, | try to use a stabilizing filter
material such as sand whenever in doubt about the dmgatarial’s ability to remain in place
when water runs through it. If it is a high waterdiskuation due to porous granular soil (coarse
sand), I'll bed in stone, with or without the fabrigp@ading on the porosity of the soil.
If you are faced with a situation that requires a judgroalhtyou might talk with an engineer, a
soil scientist, or a septic system designer who is reduo know local soils when designing
systems. Also look to your local NRCS folks who calp lyeu identify soil conditions either on
site or from the extensive systems of soil mapsttiet have at each rural county office.

WHEN IN DOUBT, ASK!

3.2.5 Adding insulation to the wall when the hole is open
3.2.6 Commercial drainage products: Mirafi. Dow Corning, et

3.2.7 Interior drains: When to choose this alternatitey do most commercial outfits do it
There are two reasons for the installation ofriatedrains.

Eirst because the area within the basement may benadtextreme capillary action or springs

that may cause extreme wetness even under the midallslads in spite of exterior drains. If

installed during original construction it is possibleristall interior and exterior drains together or

add a bed of stone under the complete slab as discussed.

Second Interior drains are often much easier and sometihesnly choice for a “retrofit”

situation. Their installation is often an afterthoulgbcause of a lack of adequate external

drainage when the house was built. This is why mostfégsional’ drainage outfits use this

method. EXPAND..........



3.2.7aHowto do it
3.2.7 b Double duty for drainage and for radon mitigation
Weeping tiles, local term

3.2.8 Combining interior and exterior in extreme condgisuch as the church

3.2.9 Backfiling and backfill material:

Proper backfiling is also important to help keep moisaway from the wall. Good
porous sandy backfill against the wall will keep watenmfimgering and finding its way through
imperfections. To conserve the amount of sandy mateatmay need to be purchased and
brought on site it is possible to add sand directly ag#uestvall and original material (with the
larger rocks removed) towards the outside of the ex@avatioften alternating buckets of sand
and original material, and compact these layers asxtevation hole is filed. The backfill
should be topped off with nonporous material (clay or Joamna sloped away from the foundation
to prevent surface water from entering the ground nettidavall.

DIAGRAM

Conclusion: A properly installed perimeter drain createssland for a house above the water
table by lowering the ground water completely aroundt ikeeps water from entering under the
footings as it did in our beginning examples of foundat@lnres, and, in my experience,
provides the surest protection against any type of dampnadsasement resulting from
groundwater.

In fact, every time that I've been able to accostpthe criteria of installing the drain pipe
well below the footing, it appears that the drainagenadbeen successful, whether for new
construction or for drying out an existing wet basement.

3.3 Getting rid of the water

When possible, it's best to run the outlet pipe dowakithy from the house until it
intersects the surface of the ground, allowing the wateun to daylight, as it's called. If it is
impossible to run the outlet to daylight, even by usinglasolute minimum pitch, it may be
possible to relocate water under the ground by sendiogaidrywell. Or the drainpipes can lead
to a sump that is located either inside or outside ofithese. This sump contains a pump, or
occasionally, two pumps, that discharge the water otiteo$ump to a location as far as possible
away from the house.

3.3.1 Gravity drain to daylight

3.1.1 a Choosing pipe:  In many situations, particulaie in the mountains where the land is
seldom flat, it is possible to drain water away fromstrbasements by gravity rather than by
pumping. This means running the pipe slightly downhill untd able to intersect the surface of
the ground to daylight. As with the pipes around the hotseoutlet pipe need only be barely off
the level for water to flow, with 1/16” to 1/8” per fo@b to 1%) adequate. This is critical in
some locations in order to reach daylight on a geltpirgy hillside without having to run onto
the neighbor’s property.

Watch out for roots! Water flowing through a porous pgaards a daylight outlet
provides an invitation for tree roots to enter anchayally, to block it completely. Therefore it is



best to use solid pipe with root proof joints to prevewnt penetration whenever possible beyond
the area to be drained, as explained in Section 3.2.4

Tree roots do not have the tendency to enter a deaipipe when the pipe is set down
into the water table as most tree roots do not grosoil that is saturated with water. When a
drainage pipe leaves the saturated soil on its way dayight” outlet, however, it is likely to
pass through unsaturated soil above the water tabilbe train pipe is porous rather than
rootproof, it can invite roots to come inside to sapkmoisture after the water table in this area
of the pipe has dropped below the pipe. The roots arengisgato the stimulus called
“hydrotropism” that makes them seek out water just asgheuld. While they are probably not
active at the bottom of the pipe where the watdowsiig, they seem to thrive in the moist
environment above the flowing water. When the wldev diminishes as spring turns to summer
and the water table drops, roots will creep to theomotf the pipe and can effectively choke it
off.

This photo shows the old agricultural style paper fiber drain
pipes (Bermico or Orangeburg Land Dry) that | installed to lower
the water table throughout my own property in 1972. At this
location the pipe is 5’ below grade where roots seldom travel,
especially because the water table usually remains high. It's not
here, but where the pipes get closer to the surface that I've had
the trouble with root intrusion.

Note that this drainpipe was installed in the same trench as my
waterline and the utilities that run to my home. While doing a
water line repair in 2003 | removed a short section of this pipe to
check its condition. It was clear of roots and silt. (The rope inside
the pipe was for pulling new lines if needed.)

While | have yet to see a perimeter drain pipe comlglstopped up with roots, |
have pulled 40’ root masses from the land drainage lin@syamwn property 15 or 20 years ago.
| also had a near backup into my cellar during a timeea¥yarain in Spring of 2007 when the
outlet pipe to my drainage system could not handle thellesause of the root clogging. | can
only guess what my drain pipes that are near the swuafateloser to trees look like now that
almost 35 years has passed since their installation.

Schedule 40 pipe (the heavy stuff) with glued, root-tigmtgoshould be used wherever
there is a possibility of any type of vehicle hittimgcrushing it.

The outlet must be located in accordance with reguatiegarding distances from septic
systems (formerly 75’, now 35’ in NH) and neighbor’slioés where required. The end of the
pipe should have a rodent guard to keep critters from nastihg ready-made hotel during the
dry season. | use 4 to 6 pieces of brass wire so ittwast or corrode, spaced about ¥2” to 34"
apart to discourage the critters. Anything finer can plugvith algae and silt that might
occasionally wash through the line and anything widghtriet the little buggers pass, since they
can fit through tiny openings seemingly half their size.

The end of the outlet pipe should be placed high enougke iouttet ditch or in a sidehill
to let water freefall several inches to keep smathamis of buildup, especially leaves, and other
debris, from blocking the pipe. It is helpful to make adegaf stone around the outlet for



protection. In many cases it is also helpful to pkatall stake next to the outlet (particularly in
snow country) in the event it may need to be checkedglwinter. [Photo 3.3.1 B, C]

3.1.1 b Maintaining the drain outlet: It is essentidkeep the drain outlet running freely. The
rodent guard must be kept clear of any debris that maydwtten caught onto it from within.
The area below the outlet must be kept cleared of leamveslebris, especially if the drain empties
into a ditch.

Sometimes drains that have clogged up internally catebeed by the use of a pressure
washer (or even a garden hose taped to a plumber’s dndkeak up the clog. I've cleared
obstructions from perimeter drains and had water draioatbasement just like water leaving a

bathtub.
Outlet at left is for my own house
perimeter drain plus several hundred feet
of subsurface land drainage that daylight
into a ditch. Note stone header and brass
wire rodent guard in place for 25 years.

Right photo is an extremely heavy
schedule 80 pipe that was installed under
a state road by directional boring. Note
the commercial rodent guard.

3.3.2 Relocating water underground: drywells & soakaways

If the drain pipe can not be run to a safe outlet &@ay be possible to run the outlet to
a dry well [explain ] on the property that is downfdim the house but high enough above the
water table to “relocate” the water on site withiv@ver being brought to the surface.
[Photo 3.3.2]

3.3.3 Alternatives to gravity venting: Sump pump systems

If it's not possible to relocate the water undergrouncua it by gravity to daylight, it
may be necessary to connect the perimeter drainsdtteation basin, or sump, inside or outside
of the house. From there a sump pump can push water somayhe house. It is helpful to find a
place to send the water that is far enough away sat tha¢s not just short circuit into the
ground and back into the basement. The disadvantage gfaupinmp is dependence on the
longevity of the pump and the supply of electricity.

Sump pump saga : | can remember receiving letters from home years ago telling of the
recurring disasters to my aunt's house caused by excess water in her basement when her sump
pump failed. Freezers full of spoiled food, ruined furniture and the general nuisance of a flooded
basement were becoming too much to bear.

On one trip home | did some grade checking and told the folks that a gravity drain could probably
solve the problem. They went ahead and had one installed and have had no more trouble with
unexpected flooding or pump maintenance since. It still makes me wonder why it took so long
for anyone to make that obvious recommendation. Yet | know of similar situations that exist
today, and house that are being built where sump pumps are expected to do what could be done
with a few pieces of pipe and some planning.



Many basement drainage companies still rely on sump pfomp8 installations,
regardless of whether or not gravity could be used tothenivater. This creates a long-term
dependence on a mechanical device.

Sump pumps can get plugged up, wear out, fail to come on aftehsnof non-use, or
stop because of a power failure. Unfortunately, it tierotluring the worst weather conditions
that power is lost in rural areas while, at the stime, excessive rainfall is causing the water
table to rise. About the only assured way to protdisement is to have a battery-powered
back-up system set to come on automatically whensallfalls. Such systems are now on the
market but represent additional investment and occasimiatenance to keep them in working
order. They use an automotive-type battery for povgedoathe safety lights in public buildings.

There is also a new style pump available that usesr\irain a garden hose to power it,
but this is only effective when powered by a commuaitynunicipal water supply that does not
require electricity to the house to keep it operating. Aman what I've seen, it requires
someone to set it up when it's needed unless it's hoakedrhe sort of elaborate switching
system. There is always the possibility of using a lgesor even LP gas powered pumps, like the
pumps shown in the Photo Quiz on the Website. These peonps large enough to handle an
unlimited amount of water, but should only be used in emerge such as hurricanes or floods
because they require monitoring, which in extreme cistantes can be a reasonable alternative
to losing the contents of a basement.

If there is no choice but to install a sump pump, selgthe right pump should be based
on the severity of the situation. There are mapgsyon the market, but | prefer the submersible
style with a built-in of-off switch, especially in @&me situations. Excessive dampness can
quickly corrode unprotected motors on pedestal pumps and a falwer that allows water to
completely cover an unprotected motor can require repameoh the entire pump.

Also, there are automatic switches now availakaé¢ dfiow sump pumps to draw water
down to within a fraction of an inch of the floordato turn on when water is only slightly deeper.
This can be helpful for occasionally dewatering a bas¢mwithout digging a sump hole through
the concrete floor or having the basement flood terse¢ inches deep before the pump
automatically comes on.

Electric pumps should be sized to adequately handle the eatimater flowing into the
sump with relative ease, but should run longer than aémends at a time for their long term
well being. It can be difficult to judge this flow demandnany, if not most cases, because
Mother Nature does not drop water the same amount efwatus each time it rains. It s,
therefore, better to be safe than sorry and usgerlaump than might be necessary, even if the
pump does not get to operate for a minute or more duringogalghas it should for optimum
longevity.

Much of this “engineering” for the worst case scemahould be based on the value of the
area to be protected. A seldom used cellar with nothinhe floor needs far less protection than
a finished basement with carpeted floors. Seeking theead¥a good plumber or plumbing
supply store in a rural area is a wise measure for gfgptse best pump for your application.

sketch of WaterRamp with pump in pan [Photo 3.3.3 A]

3.3.3 a Sump design & location Many times | find sump pumghmtsare constructed so they
cannot store enough water to optimize the run-timesofnap pump. Therefore the pump runs for
three or four seconds, empties the pit and shuts ofitthefills in just a few more seconds, and
the cycle repeats, over and over and over. Anotbeelgl related problem | often see is that the



drainage system is not designed to allow water to gitetsump as fast as it should so the pump
can do its job correctly.

A soggy example of a sump that was poorly designed served a house in a nearby town since the
1950's. When the owner, who | had gotten to know, found out that | messed around with
basement drains he asked me to have a look at his situation. Because the house was built in a
hole blasted out of the ledge, the sump pump was relied on to get water out of the basement.
The sump pump worked okay but the basement floor was always wet in spite of it.

When | looked at the situation | was thoroughly puzzled at the design of the pit, as it
appeared to be a concrete box with a concrete bottom that was cast securely into the concrete
basement floor. The whole structure appeared to be absolutely watertight. This could only mean
that the sump was not connected to the source of the groundwater, that is, the underside of the
slab, but rather that it only collected water after it was forced to rise up around the perimeter of
the floor and run over the floor to get to the sump.

I hammerdilled a three quarter inch hole in the side of the sump and, sure enough, water
shot into the sump like it was coming out the end of a hose. | drilled another hole just for good
measure and went home a hero. Fortunately the house is constructed like a concrete bunker
with a concrete ceiling over the basement area, so it had not suffered too seriously for its forty
years of being waterlogged, unlike the things that had been left in it. [3.3.3 B]

It is critical that a sump be designed and placed saytband water can get to it. For
any situation, whether building new or solving an exgsproblem, this means installing a
drainage system that will lead the water to the pitasst would have sent water downhill to a
drywell or to a daylight outlet if it were possible. Masump installation are adequate only to get
rid of a little bit of water when it finally reach#ise sump, much like the one in the extreme
example above, resulting in some standing water rergamitne basement or, at least,
damagingly high humidity during times of high groundwater.

If a basement floor were constructed with a laygsaybus crushed stone beneath it, or a
web of drainage pipes leading to a sump or to daylight, thetdd be little chance of water
wicking up through the floor and water would easily folldw pipe and/or stone to the sump or
outlet. However, many sumps are installed as an lafteght with inadequate provision for water
to get to them.

A sump should be just like the distribution box in a septgtem, but with the reverse
function, that is, to gather water rather than dispergesump can be made out of virtually any
material that resists deterioration in a repeatedtyemgironment. Concrete and plastic are both
well suited, with plastic being my material of choioe $everal reasons. Not the least of these is
that plastic is readily available as culvert pipe theses and there are also many ready made
pump stations as well as plastic distribution boxesdptis system installations that might be able
to double as sump pits. | tend to use plastic culvert,aihestyle that has a smooth interior wall,
because it should last forever in wet ground since thdté it's designed for, and it’s easy to
work with. The culvert is very strong so there isdamger of collapsing it during installation. |
can cut it to the length | need to provide enough deptiitle floor to draw water low enough
to overcome the capillary action of the soil underfkber. This is especially helpful if there is no
system under the floor to readily get water to the surhjs. employs the same principle as
locating a perimeter drain pipe as low as possible beHeviooting to reduce capillary wicking
under the slab.

The difference between the sump and the perimeteridrdiat drawing the water level
substantially below the floor by using a deep sump cgntbdbuy a “grace” period during a short
power outage or pump failure. (This isn't needed with a tyra&eint, since gravity is seldom



prone to failure.) The deeper the water level is drawmgohe longer the basement can remain
dry before the power comes back on or the pump get repditezldisadvantage of this scenario
is that it forces the pump to run longer or more oftekeep the water level lower. This may be
of little consequence in tight soils that give up walkawly, but can mean a substantial difference
in very porous gravel or sand.

How does water get through the culvert pipe into the suthfifere are no pipes under
the floor leading to the sump, | drill a gridwork of %2348 holes through the valleys in the
corrugations of the pipe. Any pattern for the holdmeéssince it doesn’t matter to the incoming
water, but what does matter is having lots of holeg 58 to 100, so water can flow in easily.
After the sump is set in place, | backfill around the idetsvith a mixture of 34" stone and
peastone if I'm working in fine soil. The small stasentended to help hold back the original soll
as discussed in section 3.2.3.

If there is a piping system under the floor, | drill 48lels with a hole saw that slip fits
typical 4” SDR perfectly. Because the culvert is rounchn position the incoming pipes
anywhere around its circumference. When driling the 434 it's easiest to center the pilot
drill for the hole saw on top of the ridges of the pigéher than in the valleys, so it helps to plan
the level of the pipe so that the center of one @fritgs is close to the vertical center of where
the pipes will enter the sump.

| generally use 15” culvert for smaller sumps and 18” fayeg with the area required for
the pump and the desired storage area dictating how bigpthslpuld be. Sometimes | set a
concrete patio block as a base for the sump to set provide a solid, non-eroding base for the
pump. I've also used sheet plastic goods, such as recygtedhget acrylic plastic that I've
screwed onto the bottom ring to hold it together uigilall in place and backfilled.

For covers, there are new plastic septic tank riseers that fit very nicely onto 18”
culvert and 24” would make a very finished top to a culvens

If used instead of culvert, a plastic sump package willr@gaire having holes drilled in it
in order to let water in, either from the stone begdinrrounding the sump or through incoming
4 pipes. These are similar to what many of the cowialevaterproofing companies use. Also, if
there is a need for radon mitigation in the basenaariiqrne, rather than waterborne) a sump
with a sealed cover can double as an interception asd@ge principal for gathering radon is very
similar for that of collecting water, except that rade always a gas.

3.3.3 b Setting the pump switch level: Many pumps comethwtin own on/off switch built in.
Some of these switches are adjustable for differemhiat is, the level of Turn-On versus the
level of Turn-Off. This can be a help in some sitaiwhere you might need to keep the water
pumped as far down in the sump as possible either to ibvevater level under the slab to
reduce capillary action, or to provide some grace perioduse of frequent power failures.

In order to minimize total pump running time it's possite set the pump so that it turns
on when water rises to just a little below the fltemel, and turns off at the preset 6” to 8” below.
Setting the pump on 2” or 4” concrete blocks can makethisstment possible. If the floor
appears too damp, try lowering the pump in the sump or iresé#te float level if possible.
Another option is to purchase what is called a “manpaifip, meaning one with no on/off
switch. A float switch can be purchased separatelytf@g@ump cord plugs piggyback style into
the float plug. This allows the pump itself to be s&i the bottom of the sump and the separate
switch to be mounted on the discharge line where ibeamoved up and down for optimum
setting.



3.3.3 ¢ Locating the sump: A dewatering sump can be logaeld iof a basement in a utility
area or outside of a house, preferably on the side whermischarge runs. The same principles
apply to either, except that the exterior sump willh@dessity, usually be much taller, making
culvert pipe a good choice because of the lengths in vigtichavailable (20). It may be difficult
to purchase a 3’ or 4’ piece of culvert from the typicgdier, so I'd look for a local sitework
contractor to see if he can provide a cutoff from sghe

An advantage of locating the sump outside of the houbke ieduction in noise by not
having the pump in the basement. This may be a slibé ifoot for some, however, who may
appreciate hearing the rhythm of the pump during a springa&now the basement is being
kept dry.

3.3.3 d Discharge lines, frost protection
3.3.4 Obtaining necessary permits and/or permissiorsthalige
4.0 DEALING WITH CONDENSATION

The effects of condensation can be as devastatiadnéane as water leakage, causing rot,
mold, mildew and generally disgusting and, possibly, unsafdittons. I've even seen
mushrooms growing inside a house on one occasion. Besausany of our local dwellings are
vacation homes, many are lived in only a part oftihe. This can mean inadequate ventilation
(as houses are closed up much of the time) which is afigravated by colder than normal
internal temperatures. Many of these homes areha@ied to just above freezing during much
of the winter, if at all. When folks arrive for tsemmer, they open the house, letting in warm,
humid air that looses its moisture as it condense®ohbasement surfaces. [Photo here]

Perhaps the best solution for this is to have thisév@pened earlier in the springtime,
allowing the basement temperature to equalize. Dehuenglan also help, but at least one
basement drainage expert warns that dehumidifiers magligatause more damage to basements
by pulling in more humid air, like bug killers pull in the gi@bor’s bugs also. This may be true
when the basement is opened to outside air, but probabtyue if it is left sealed up so the
dehumidifier can work on just the moist air that’s alyethere.

In conclu5|on the keys to effectively addressing arbhasé moisture problem are:
Proper diagnosis- choosing whether the source is swfag®und water or warm,
moist air condensing on cool surfaces, or a combmatidwo or more of these
sources,
Following accepted practices to keep water from entenhirgugh the basement walls
and/or lower the water table around the structure, and
Maintaining the drainage system to make sure that wates where you want it to!

Also see the University of Minnesota Extension &irll Moisture in Basements: Causes and
Solutions  www.extension.umn.edu/Documents/D/K/DK70%4l. ht

PART II: AVOIDING PROBLEMS IN NEW HOMES ...
to be added when time permits



