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THE PROBLEM

A frequently occurring topic in hydrology is the movement of soil
moisture through concrete slabs and into the interior of the
structure. The problem is the potential {or lack of) movement of
water through Portland cement (PC) concrete slabs that may range in
thickness from 3 to 5 inches. Frequently, the source of water
generally is underlying groundwater that is naturally occurring, or
may be provided by man as irrigation seepage or other factors.
These waters have dissolved salts, particularly the sulfate ion, which
is occasionally observed on floor surfaces or has damaged floor
coverings such as carpet and caused tiles to loosen. When there is
moisture transport, the underlying mechanism may be described by
the theory of unsaturated flow in porous media.

PC CONCRETE

PC concrete is a man-made stone consisting of aggregate, Portland
cement (a limestone powder), and water to initiate the chemical
reaction to cause the cement to harden and bind the aggregate
together into a solid matrix. Aggregate is usually sand to gravel
sizes. Various admixtures are sometimes added to the wet mix to
promote desired properties such as early curing or enhanced
workability.

Generally, PC concrete will reach about 95 percent of its maximum
strength within about 5 days. Concrete is strongest in compression
and its compressive strength as well as tensile strength is enhanced
by steel reinforcement.

The construction process for installing PC concrete as building slabs
and foundations is to truck in ready mixed concrete to the site and
pour or pump the concrete into forms to form a pad or slab on
compacted soil which may have a thin gravel layer between the slab
and soil. Prior to this, plastic sheeting is often laid down to form a
barrier io upward water movement after the concrete is cured.
Additionally, wire reinforcing screen is often laid down on
approximately one inch thick blocks to keep the screen elevated in
the mixture. In modern practice, it is common to vibrate the wet
concrete to minimize voids.

Sometimes workers can be seen punching holes in the plastic
sheeting before the ready mix arrives. This is done for two reasons.
One is to allow excess water in the ready mix to drain faster and
promote faster setup and curing. The other is that excess water
causes what is called “crazy cracks" to form during working and
curing, making exposed surfaces somewhat unattractive.

PC CONCRETE AS A POROUS MEDIA

In nature, when a cementing agent, aggregate, water, and time are
suitable, an indurated sedimentary stone is formed. Fine uniform
silts are called "siltstone” while uniform sands are called "sandstone."
When a mixture of sizes ranging to gravel or larger sizes are present
the stone is called "conglomerate." PC concrete is basically a man-
made conglomerate.

Almost all of these stones are a porous media with a finite porosity
and hydraulic conductivity. For example, Domenico and Schwartz
(1990) indicate that ranges of values for saturated hydraulic
conductivity for siltstones, sandstones, and limestone may be from
1017 to 109 mys.

During its curing phase, PC concrete has small pores that are caused
by entrapped air and water. If the workmen are not careful, some
pores can be quite large (cm sized). Some of the pores are
interconnected so that the hardened porous concrete has a hydraulic
conductivity which may be in the range of those listed for sandstone.

Porous PC concrete will allow unsaturated as well as saturated flow
to develop in the presence of a water source. The presence of cracks
perpendicular to a water source will inhibit unsaturated flow, and
cracks of any orientation will enhance saturated flow.

THE HORIZONTAL PC CONCRETE SLAB

The potential movement of moisture and transport of dissolved
minerals through a horizontal PC concrete slab is envisioned as a
predominantly one-dimensional process. It is recognized that at the
edges of the slab where the building wall footings are, there is
potentially a two-dimensional flow and transport process.
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Conceptual Model - continued from Page 3

Where there is cracking, saturated flow, if it can develop, is
enhanced. However, for saturated flow to develop there must be a
hydraulic head such that there is an energy potential greater than
atmospheric.

What is more common is to have a water source near the bottom of
the slab; i.e., a high perched water table at or below the slab bottom.
Another common situation is poorly drained clays may be present
and have enough moisture to provide a water source. Water sources
may be drainage from landscape irrigation or rainfall infiltration
which has moved downslope under the slab. Consequently,
unsaturated flow is the dominant process of interest.

A CONCEPTUAL MODEL OF WATER MOVEMENT

A one-dimensional vertical PC concrete column is assumed with
vertical upward movement of water and dissolved salts. At the
bottom there are moist soils and at the top it is much dryer.
Continuous wetting is assumed; i.e., the lower boundary condition
stays moist and does not dry out. As a result hysteresis is not a factor.
Figure 1 depicts the physical situation. The total hydraulic head
(units of length since the gravitational constant has been divided into
each term) is denoted by A where f = z + p, z is the elevation head
and p is the pore pressure head which is less than zero for
unsaturated conditions.

il

Consequently, there is a very large gradient upward; i.e.
grad i = (h2 - hR1)((22 - 21) (1)
Guymon (1994) discusses the origin of the forces that make up p.

To determine the moisture flux, v, upward, Darcy's law is used; i.e.
()

where K(w) is the hydraulic conductivity which is a function of water
content or pore water pressure, i. e., K{p) (Guymon,1994). For most
fine grained soils the hydraulic conductivity function changes
considerably (over log-cycles) with changes in water content, w.

v=-K(w).grad i

A complete model applicable to the situation conceptualized here is
given by Guymon (1994):

(K(p)ehileg)er = (*wiep) (*h/*¥) (3)
Boundary conditions are discussed above. Initial conditions would be
a uniform but small water content throughout the column. (An
application of this conceptual model including phase change is
found in Kim and Heydinger, 2002).
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For unsaturated conditions p is a function of water content, w (units
of volivol) as shown in the hypothetical retention curve depicted in
Figure 2. Numerous measurements, however, have been made on
porous media so that there is some general concept of how such a
relationship might look for PC concrete. If the top of the column is
relatively dry, p2 is many atmospheres negative while at the bottom
of the column, p1 is negative but near zero.
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Figure 2. Conceptual Relationship Between Water Content
{w) and Pore Pressure (P) for an Unsaturated Soil Media.

Figure 3. Conceptua! Relationship of Hydraulic Conductivity
(k) to Pore Pressure (P) for an Unsaturated Soil Media.

Figure 4 shows the wetting process in the one-dimensional PC
concrete column. Upward moving wetting fronts are a result of a
wet condition at the bottom of the column and drier conditions at
the column top. Very strong upward pressure gradients dominate
the process. After a long time, moisture flux is in equilibrium and
quasi-steady-state is achieved and Equation 3 reduces to Equation 2.
Moisture is continuously supplied by the underlying soil, is
transported through the column, and exits the surface as
evaporation where it may condense in floor coverings. This is similar
perhaps to a desert situation where there may be a water table below
the surface. It is well known in Boy Scout lore that a desert survival
technique is to place a sheet of plastic or tarp over the surface and
arrange it so its underside will drain into a container. During the
night groundwater moisture collects on the bottom side of the
covering and drains into the container.

To make a very rough calculation of how much moisture might be
transported, assume a vertical PC concrete column 10 cm tall. At the
bottom assume p1 equal zero and assume at the top p2 equal -1,000
to -10,000 cm of water. Assume the log-averaged hydraulic
conductivity is 1011 to 1013 m/s. From Equation 2, the hypothetical
velocity flux ranges from about 0.01 mmy/day to 10 mm/day.
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Conceptual Model - continued from Page 6
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Figure 4. Conceptual Wetting Curves through a Concrete
Slab for Various Times t; > t4.

A CONCEPTUAL MODEL OF DISSOLVED SALT TRANSPORT

An underlying soil water is envisioned that has dissolved salts but
the solution is dilute. We are particularly interested in the sulfate
ion which apparently is a major component of salts deposited on
floor surfaces. How does the sulfate get there?

The dissolved sulfate is being transported with the upward moving
water. It is well known that sulfate in dilute solutions is miscible
with water and that it does not react with most porous media
(Hillel, 1980a,b). Consequently, the appropriate mass transport
model is (Guymon, 1994):

c€/ot+ v o Clor = (D€l )/0 @

where C is the concentration, ¢ is time, z is the vertical coordinate,
v, is the seepage velocity (ww), and D is the dispersion coefficient.
At the bottom of the column the sulfate transport boundary
condition is approximated by some constant concentration. The
appropriate top boundary condition is open to question. If it were
«C/ey = 0, we could obtain an analytical solution to Equation 4. for
an initial condition, one might assume the sulfate to be a uniform
concentration of zero. The solution is not sensitive to the initial
condition over a long time period.
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Job Postings

AIH will post job opportunities for hydrologists nationwide on our
website. For more information and ad rates please contact AlH
Headquarters at Aihydro@aol.com or call 770-384-1634.

Candidates looking for positions should frequently check our
website for new opportunities.

www.aihydro.org

OUTREACH NOTICE - PLUMAS NATIONAL FOREST
Quingy, California

The Plumas National Forest, Supervisor's Office, has the following
vacancies currently open. These positions are permanent, full-time
employment. Positions are being advertised interdisciplinary in
professional series:

. Supervisory Biologist (0401)
. Supervisory Hydrologist (1315}
. Ecosystems Staff Officer, Interdisciplinary

if you have any further questions about these positions or the
application process, please call one of the following Mt. Hough
Ranger District personnel:
* Jim Pena, -Forest Supervisor 530-283-7810 jpena@fs.fed.us
* Rob MacWhorter, Deputy Forest Supervisor 530-283-7810
rmacwhorter@fs.fed.us

Hydrologist

2 Positions
The State of New Mexico ~ Office of the State Engineer

These positions within the Hydrology Bureau will manage projects
and perform technical evaluations in support of water rights
administration and interstate stream compact compliance. These
advanced level positions require professional expertise in the
development of hydrologic models, characterization of
hydrogeologic conditions, evaluation of well impacts, and surface
water assessments.

Position qualifications include a MA/MS in engineering (water
resource, civil, environmental, agricultural),  hydrology,
geohydrology, water resource mgmt &/or physical science, and five
(5) years experience in any of these areas. Experience in project
management is also highly desired. Salary range is $43,064 to
$76,556. Position location is Santa Fe, NM.

Applicants must apply through the State Personnel Office. Please
see website www.state.nm.us/spo/ for application and how to apply.
Please refer to TOOL#550-05-07-00-00-00-85 (working title Water
Resource Master). Mail a copy of application with transcripts and
resume to L. Haught @ OSE/ISC, Hydrology Bureau, PO Box 25102,
Santa Fe, NM 87504-5102. Open 3/6/06 - 3/17/06.

The Office of the State Engineer/Interstate Stream Commission is
an Equal Opportunity Employer.
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