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REGIONAL WATER SUPPLY PLAN TO MITIGATE RADIONUCLIDE LEVELS IN

CONCHO, McCULLOCH, AND SAN SABA COUNTIES

1.0 INTRODUCTION

On March 29, 1990, the Texas Department of Health (TDH) informed eight public
water systems in Concho, McCulloch, and San Saba Counties that immediate action had to
be taken to eliminate the high concentrations of radium in their drinking water supply
sources, since radium poses an unreasonable health risk. To that end, TDH and each of
these eight public water systems entered into a bilateral agreement that outlined the tasks
and associated schedule to reduce the leve1§ of radium to meet the maximum contaminant
level(s) (MCLs) of the Drinking Water Standards.

Subsequently, the eight systems, through the Hickory Underground Water
Conservation District No. 1, applied to the Texas Water Development Board and received
a regional water supply planning grant to fund this study, the first task of the bilateral
agreement. As specified in the grant, the purpose of this study is to determine the most
practical method to reduce the levels of naturally occurring radium in the public water
supply sources so the participants can comply with the rules and regulations of the U.S.
Environmental Protection Agency and Texas Department of Health.

The eight public water systems in Concho, McCulloch, and San Saba Counties
participating in this study are:

City of Brady, including the Lake Brady area;
City of Eden;
Live Oak Hills Subdivision;

City of Melvin;
Millersview-Doole Water Supply Corporation;
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. North San Saba Water Supply Corporation;

Richland Water Supply Corporation (Brady System); and

. Rochelle Water Supply Corporation.

For all eight systems, either combined radium-226 and radium 228, gross alpha, or
both constituents exceed the existing MCL in the present or past chemical analyses of their
water supply source(s). The MCLs for combined radium-226 and radium-228 and Gross
Alpha in the Drinking Water Standards are S picoCuries per liter (pCi/l) and 15 pCi/l,
respectively.

The first step toward establishing the most practical method to reduce the levels of
radium in the drinking water was to determine the immediate as well as future annual water
requirements for each of the participants. The second step was to evaluate the quality of
each of the water supply sources and identify the major components of each water
distribution system, including water supply sources, storage facilities, and pump stations.
Once the annual water requirements and the quality of the water supply source was
determined, then treatment methods to reduce radionuclides were identified and evaluated,
and compared with alternative water supply sources. Then, the most practical method to
eliminate radionuclides in the public water supply sources of the study participants was

developed and recommendations were prepared.
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SECTION 2



2.0 POPULATION AND WATER REQUIREMENT PROJECTIONS

A multi-step process was used to estimate water requirements in the participants’
service areas for the 20-year planning period (1990-2010). These requirements were used
to size treatment facilities, ascertain deficiencies in existing water supply source(s), calculate
the supplemental water supply required, and determine the quantity of water necessary to
replace the existing water supply source(s).

The first step in establishing these water requirements was to determine the existing
population and per capita water use of each service area. Then the projected service area
population and projected per capita water use of each participant was estimated to the end
of the planning period based on the historical data available. In the final step, the water
requirements for the planning period are calculated by multiplying the projected population

by the projected per capita water use.

2,1  Present Population and Water Use

Each of the study participants supplied HDR with the existing number of connections
and total annual water use for its service area. This information was compared to similar
data reported by the Texas Water Development Board (TWDB) in its Annual Water Use
Reports. In general, there were no major differences between the information from the two
sources.

While information on numbers of connections and water use was available for all
participants, specific population information was available only for the cities of Brady and
Eden. Due to the lack of speciﬁc population information for the other participants, two

different methods of determining the existing population and average daily per capita water
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use were used, one for the cities of Brady and Eden and another for the other participants.

2.1.1 Cities of Brady and Eden

For the cities of Brady and Eden, the actual 1980 population and estimates of 1981
through 1987 population were obtained from the U.S. Bureau of the Census. For the years
in which a population estimate and the reported annual water use were available (1980
through 1987), the average daily per capita water use was calculated by simple division. For
the eight-year period, the average annual per capita water use for Brady and Eden was 276

and 158 gallons per capita per day (gpcd), respectively.

2.1.2 Other Participants

For the City of Melvin, the water supply corporations, and Live Oak Hills
Subdivision, 1990 population was estimated before making projections of population in the
years 2000 and 2010. The 1990 population estimate was based on the per capita water use
for the counties in the study area as reported to TWDB, adjusted to reflect only the water
use in the unincorporated areas, and the number of connections in 1990 as provided by each
participant. Reports for the years 1980 through 1989 were used for the projections in this
study (see Table 2.1-1).

TWDB calculates per capita water use under two conditions: average weather
conditions and drought conditions. Under drought conditions, water use is usually at the
maximum that will occur. The average per capita water use is based on the water use for
all the years of the selected period, while the maximum per capita water use is based on the

water use for years with little or no precipitation; in other words, a drought condition.
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Table 2.1-1
Water Use Information

Member 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Number of Connections
Brady 2,857 2,879 3,127 2,870 2,911 2,888 2,886 2,883 2,934 2,804
Eden 618 625 630 624 624 630 630 630 635 635
Live Oak Hills - - - = = 13 8 12 21 -
Melvin 138 135 152 150 150 148 153 - 130 130
Millersville-Doole WSC 1,287 1,287 1,285 1,285 1,285 1,322 1,322 1,340 1,340 1,358
North San Saba WSC 150 167 190 214 235 233 236 234 236 238
Richiand WSC (Brady) - - - - 215 215 216 216 215 215
Rochelle WSC 80 80 80 84 97 97 97 97 97 97
Total Water Use (ac-ft)
Brady 2,359.7 2,0385 20650 19956 2462.1 22399  2,066.1 2,107.6  2,188.0 24198
Eden 256.7 240.8 254.9 209.6 230.5 213.3 2277 220.9 2774 279.1
Live Oak Hills -- -- - - - 1.7 2.7 13 5.0 -
Melvin 524 52.7 55.0 458 110.5 98.1 - 54.8 552 78.2
Millersville-Doole WSC 4402 455.5 454.2 464.7 505.5 590.0 559.8 520.1 465.1 526.4
North San Saba WSC 66.9 71.7 77.1 81.8 102.7 88.8 77.1 65.9 84.5 76.6
Richland WSC (Brady) - -- - -- 43.5 65.4 70.8 68.8 83.1 94.0
Rochelle WSC 28.8 26.4 33.0 32,6 36.2 334 345 29.5 38.5 39.1
Water Use (ac-ft/conn.)
Brady 0.825 0.705 0.660 0.695 0.845 0.775 0.716 0.731 0.745 0.845
Eden 0.415 0.385 0.404 0.335 0.369 0.338 0.361 0.351 0.436 0.439
Live Oak Hills - - -- -- -- 0.130 0.330 0.110 0.230 -
Melvin 0.379 0.390 0.362 0.305 0.736 0.663 - - 0.424 0.601
Millersville-Doole WSC 0.342 0.354 0.353 0.362 0.393 0.446 0.423 0.388 0.347 0.387
North San Saba WSC 0.446 0.429 0.405 0.382 0.437 0.381 0.326 0.282 0.358 0.322
Richland WSC (Brady) - - - - 0.202 0.304 0.327 0.318 0.386 0.437

Rochelle WSC 0.360 0.330 0.410 0.388 0.373 0.344 0.355 0.304 0.396 0.403




During the 1976 through 1987 time period, a drought existed in the years 1980, 1981, 1982,
and 1984. The average and maximum per !capita water use for the counties are presented
in Table 2.1-2, along with the statewide values for comparison. The per capita water use
for Concho County was less than the statewide averages, while McCulloch and San Saba

Counties were higher.

Table 2.1-2
County-Wide Per Capita Water Use
‘For the Period 1976-1987
County Per Capita Water Use (gpcd)
Average Maximum
Concho ' 148 171
McCulloch i 243 286
San Saba 195 214
_ Statewide 165 194

To determine the per capita water use for the unincorporated areas of the counties
where the water supply corporations and Live Oak Hills Subdivision are located, the county-
wide per capita water use was adjusted by eliminating the population and water use of the
incorporated cities in each county from the county-wide values. The average per capita
water use for the unincorporated areas of each county is shown in Table 2.1-3. It should
be noted that some water supply corporation customers water livestock and some also
irrigate small pecan orchards aﬂd gardens. Therefore, the computed per capita water use
estimates include these quantities, since the reported total water use does not separate the

quantities used by people, livestock, or irrigation.
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Table 2.1-3
Per Capita Water Use
for the Unincorporated Areas of the Counties

Per Capita Water Use

County (gpcd)
Concho 122
McCulloch 154
San Saba 110

From Table 2.1-1, the average annual water use per connection for the period of
record was determined and is shown in Table 2.1-4. This table presents water use in units

of acre-feet, which equates to 325,851 gallons.

Table 2.1-4
Average Annual Water Use
Per Connection
Participants Acre-Feet Per Connection
Brady 0.7542
Eden 0.3833
Live Qak Hills 0.2000
Melvin 0.4825
Millersview-Doole WSC 0.3795
North San Saba WSC 0.3768
Richland WSC (Brady) 0.2840
Rochelle WSC 0.3663

The number of persons (capita) per connection was estimated by dividing the average

annual water use per connection (shown in Table 2.1-4) by the average daily per capita
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water use for the unincorporated portions of the counties. The results of these

computations are shown in Table 2.1-5.

Table 2.1-5
Water Use Per Connection, Estimated Number of Persons Per Connection
and Estimated Population for Service Area

Number of Per Capita Number of Estimated
Connections Water Use Persons Per Population
Participant in 1990 - (gped)! Connection 1990
Brady 2,915 276 2.04 5,946
Eden 613 158? 2.55 1,567*
|| Live Oak Hills Sub. 17 154 N/A N/A d
Melvin 140 154 13 184*
Millersview-Doole 1,396 1383 245 3,420
WSC
North San Saba WSC 241 138° 243 586
Richland WSC - 218 154 1.91 416
| (Brady)
Rochelle WSC 97 154 2.12 205
lUninc'::orpomu:d parts of counties, except for Brady and Eden, gallons per capita per day.
2Based on reported annual water and U.S. Bureau of Census population estimates.
3Averagt: of McCulloch and Concho Counties. North San Saba WSC per capita water use was equated to Millersview-Doole rate,
since it appears that the two service areas have similar characteristics.
4 Census in part for 1990.
N/A means not "applicable”; data series too short.

22  Per Capita Water Use Projections

Based on the average per capita water use for 1990 (Table 2.1-5), projections of per
capita water use during average and maximum drought conditions were made for each entity
for the years 2000 and 2010 (Table 2.2-1), taking into account the potential for water
conservation. The water conservation potential assumed in this study is a reduction in the

per capita water use by five percent (5.0%) per decade from 1990 through 2010. The means
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to accomplish this goal is provided in the Water Conservation and Drought Contingency
Plan, which is provided in Appendix A.

In order to insure that there is an adequate water supply to meet anticipated
maximum demand, it is necessary to determine the maximum per capita water use and
maximum total annual water use. Based on the annual water use reported by each entity,
the maximum per capita water use was 16 percent higher than the average use during the
1980s. Therefore, for this study, it is assumed that the maximum per capita use for 2000 and

2010 will be 16 percent higher than the average per capita water use. (See Table 2.2-1).

Table 2.2-1
Projected Per Capita Water Use
During Average and Maximum Drought Conditions

{ 2000 2010

Estimated

Participant 1990 Average | Maximum| Average | Maximum
gallons/capita/day

Brady’ 276 262 305 249 288
Eden' 158 150 174 143 165
Live Oak Hills Sub. 154 146 169 139 161
Melvin 154 146 169 139 161
Millersview-Doole WSC 138 131 152 124 144
North San Saba WSC 138 131 152 124 144
Richland WSC (Brady) 154 146 169 139 161
Rochelle WSC 154 146 169 139 161

“l Texas Water Development Board Water Plan rates, II

2.3  Population Projections
Utilizing the TWDB county population projections (Table 2.3-1), the population for

2000 and 2010 of each of the project participants can be estimated. The counties’ annual

September, 1991 2-7



growth rates, both high and low, are also shown. It is noted that the population projections

shown in this table do not include the new criminal justice facilities in the area; one is in

operation at Eden in Concho County, and another is being constructed at San Saba in San

Saba County.
Table 2.3-1
County Population Projections
1990 2000 2010
1980 ) ) -
County Population | Low | High Low | High Low High
Fl Concho 2,915 2,586 2,587 2,487 2,612 2,343 2,487
McCulloch 8,735 9,065 9,084 9,299 9,334 9,555 9,617
San Saba 6,204 5,510 5,605 5,733 5,979 6,047 6,363
Compound Annual Growth Rates ||
1980-1990 1990-2000 2000-2010 Il
County
Low High Low High Low High
Concho -1.19 -1.19 -0.38 0.09 -0.59 -0.48
McCulloch 0.37 0.39 0.25 0.27 0.27 0.29
San Saba -1.18 -1.01 0.39 0.64 0.53 0.62
Source: Texas Water Development Board.

It is anticipated that the new criminal justice facilities located in the area will help

the growth potential of the local areas where facilities have been placed (Eden and San

Saba). Therefore, the growth rates of these local areas will be significantly higher than the

projected growth rates for the counties of the areas shown in Table 2.3-1. In the case of

North San Saba Water Supply Corporation, plans have been developed and financing is

nearly completed for upgrading and enlarging distribution lines to a large portion of the

September, 1991
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service area. Expressions of interest have been made for additional connections. These
factors have been included in the projected growth rates. In general, the growth rates for
the other participants of this project should follow the projected growth rates for the
counties, Table 2.3-2 provides the estimated compound annual growth rates, both low and

high, for the project participants.

FE

" Table 2.3-2 u
Estimated Annual Growth Rates
’I Compound Annual Growth Rates
(%)

Participant County Low High

Brady McCulloch 0.35 0.40 P
Eden Concho 1.1 1.20
Live Oak Hills Subd.  McCulloch 1.0 1.50
Melvin McCulloch 0.1 0.30
Millersview-Doole WSC Concho and 0.3 0.40

McCulloch | |
North San Saba WSC  San Saba 1.1 1.60
Richland WSC (Brady) McCulloch 0.2 0.30

L Rochelle WSC McCulloch 0.2 0.30 "

Based on the growth rates, both low and high (Table 2.3-2), and the 1990 population
(Table 2.1-5), the population for 2000 and 2010 of each of the project participants can be

estimated (Table 2.3-3).
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T Table 2.3-3 ?_u
Population Projections
.1 Estimafed 2000 2010
Participant POI;I;;&(\;IOII Low High Low High

| Brady 5,946 6,157 6,188 6376 6,440
Eden 1567 1748 1,765 1950 1,988
Live Oak Hills Sub.? 51 56 59 62 68
Melvin 184 184 188 185 194
Millersview-Doole WSC 3,420 3523 3,559 3630 3,703
North San Saba WSC 586 654 686 729 804
Richland WSC (Brady) 416 424 428 432 441
Rochelle WSC 205 209 211 213 217
e 1 o pe connstio,snc avaiale ater e repors sove oty foueyeas nd compute aptepes
connection does not appear reasonable.

24  Annual Water Requirements

From the projected per capita water use (Table 2.2-1), and the projected population
(Table 2.3-3), the projected annual water requirements for each study participant can be
calculated. Table 2.4-1 presents the projected annual water requirements for each entity for

the planning period in both acre-feet per year and million gallons per day.
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Table 2.4-1
Projected Annual Water Requirements
2000 2010
Participant 1990 Low High Low High
acre-feet

Brady 1,838 1,806 2,114 1,778 2,077

“ Eden 277 293 344 312 367

Live Oak Hills Sub. 9 9 11 10 12
Melvin 32 30 35 29 35 “

Millersview-Doole WSC - 529 517 606 504 597

North San Saba WSC 90 96 117 101 130

Richland WSC (Brady) 72 69 81 67 80

Rochelle WSC - 35 34 40 33 39

—---—-million gallons per day

Brady 1.641 1.613 1.887 1.587 1.854

| Eden 0.247 0.262 0.307 0.278 0.328

Live Oak Hills Sub. 0.008 0.008 0.009 0.008 0.011

Melvin 0.028 0.026 0.032 0.025 0.031

Millersview-Doole WSC 0.472 0.462 0.541 0.450 0.533

North San Saba WSC 0.081 0.086 0.104 0.094 0.116

Richland WSC (Brady) 0.064 0.062 0.072 0.060 0.071

Rochelle WSC 0.032 0.031 0.035 0.030 0.035

As a general check for accuracy, the annual water requirement for each county was
compared to the TWDB’s Annual Water Projection under the municipal category for each
county. The projections given in Table 2.4-1 compare very closely with the county-wide

municipal annual water requirements given in Table 2.4-2.
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. Table 2.4-2
County-Wide Municipal Annual Water Requirement

II 1990 2000 2010
Base
County 1980 Low High Low High Low High
(Acre-Feet)

County (Municipal)! ||
Concho 477 408 473 373 453 330 407
McCulloch 2,637 2,351 2,770 2,298 2,711 2,244 2,654
San Saba 1,260 1,147 1,276 1,132 1,291 1,129 1,299
County (Total)? :
Concho 2,432 5,386 7,143 5,487 7,034 5,444 6,932
McCulloch 8,295 7,710 9,375 8,139 9,864 8,340 10,097
San Saba 12931 10,166 13,298 10488 13,309 10,570 13,317
Source: Texas Water Development Board. All projections take into account water conservation.
! One acre-foot equals 325,851 gatlons or 0.000892 mgd.
2Includes irrigation. “
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SECTION 3



3.0 EXISTING SYSTEM AND WATER QUALITY

In this section, the water supply source(s) and major system components for each of
the participants are described. In addition, the latest water quality information for each
participant’s water supply, as available from the Texas Department of Health files, is

presented.

3.1  City of Brady
The City of Brady operates two (2) district water systems. The first system, which
will be described in this section, serves the City of Brady. The second system, which is

described in the next section, serves the Brady Lake area.

3.1.1 Water Supply

The water supply for the City of Brady is provided by six wells that extend into the
Hickory aquifer. The well capacities and locations are presented in Table 3.1-1. Of Brady’s
six wells, two are used for standby purposes only.

The total water supply capacity which the City of Brady has available to meet the
present and future water supply requirements is 3,500 gpm (5.04 MGD). As was shown in
Table 2.4-1, by 2010, the City is éxpected to have water requirements totalling 1.854 MGD.
Assuming there is no loss over time in well production capacities, the existing water supply

system is more than adequate to meet the future water requirements of the City of Brady.
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i
Table 3.1-1
City of Brady Water Supply
Well Capacity Well Depth

No. (gpm) Location (fv)
1 * Pump Station #1 - at power plant 2114
2 * Pump Station #1 - at power plant 2112
3 950 Pump Station #2 - Oak Street 2082
4 550 Pump Station #3 - White Street 2127
5 1,000 Pump Station #4 - South China 2060

7 1,000 Pump Station #5 - South Avenue 249 |

* Not in normal use at this time (standby use only). “

312 Major Distribution System Components

In addition to wells, other major system components of Brady’s water distribution
system include ground storage, high service pumping, and elevated storage which provides
pressure maintenance. Figure 3.1-1 indicates the general location of the major system
components. Note that the standby wells ahd the wells producing the smallest amount of
water are located near the center of town.

Table 3.1-2 summarizes Brady’s system components. These components were
reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

3.13 Water Quality

Table 3.1-3 presents the latest complete chemical analysis of the water supply for the
City of Brady. Shaded areas on the table indicate constituent levels that exceed TDH limits.

A quick review of the analysis shows that the City of Brady’s drinking water is hard water
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II Table 3.1-2
City of Brady-Major Distribution Supply Components

Storage |
Tvpe I Capacity (gal.) I Location
Ground 20,000 Pump Station #1 - at power plant
Ground 30,000 Pump Station #2 - Oak Street
Ground 25,000 Pump Station #3 - White Street
Ground 1,000,000 Pump Station #4 - South China
Elevated 500,000 Corner of Burns and Pine Streets |
Pressure 4,000 Pump Station #5 - South Avenue
_High Service

Number Capaci m) | Location

1 700 Pump Station #1 - at power plant

2 1,000 Pump Station #1 - at power plant

3 800 Pump Station #2 - Oak Street

4 1,000 Pump Station #3 - White Street

5 500 Pump Station #5 - South Avenue

6 500 Pump Station #5 - South Avenue

7 1,250 Pump Station #4 - South China f

8 1,000 Pump Station #4 - South China

9 750 Pump Station #4 - South China

* Not in normal use at this time (standby use only).

with a high iron concentration level that could cause "red" water problems in the distribution
system. A sequestering agent is added to minimize the potential "red" water problems.
In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present MCL given in the Drinking Water Standards of the Texas Department
of Health and radon exceeds the MCL in the Radionuclide Rules, proposed on June 17,

1991.
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Table 3.1-3

City of Brady
Water Analysis

TDH
Constituent Well #3 Well #4 | Well #5 | Well #7 Limit
Calcium 52 54 52 56
Chloride 12 19 12 20 300
Fluoride 0.8 0.7 0.8 0.7 2.0
Magnesium 40 44 40 46
Nitrate (as N) 0.01 0.02 0.01 < 0.01 10
Sodium 21 27 20 28
Sulfate 43 62 41 67 300
Total Hardness (as CaCO3) 296 317 296 330
pH (units) 79 79 7.8 8.0 7.0
Conductivity (umhos/cm) 689 770 675 803
Tot. Alka. (as CaCO3) 296 302 291 309
Bicarbonate 361 368 355 377
Carbonate 0 0 0 0
Dissolved Solids 353 396 347 412 1,000
P. Alkalinity (as CaCO3) 0 0 0 0
Arsenic < 0.010 < 0.010 < 0.010 < 0.010 0.05
Barium 0.050 0.060 0.030 0.050 1.
Cadmium < 0.005 < 0.005 < 0.005 < 0.005 0.010
Chromium < 0.02 < 0.02 < 0.02 < 0.02 0.05
Copper O
Iron -3 35 0.3 .
Lead < 0.0200 < 0.0200 < 0.0200 <0.0200 0.05
Manganese < 0.02 < 0.02 < 0.02 < 0.02 0.05
Mercury 0.0004 0.0003 0.0004 0.0004 0.002
Selenium < 0.002 < 0.002 < 0.002 < 0.002 0.01
Silver < 0.01 < 0.010 < 0.010 < 0.010 0.05
Zinc 007 . <002 < 0.02
Gross Alpha (pCi/l)
Combined Radium (pCi/1)’ 12.40%
Radium 226 (pCi/l) 4.702
Radium 228 (pCi/l) 7702
Gross Beta (pCi/l) 36.002
Radon (pCi/I)® 668 550 619

NOTE: Unless otherwise noted, all constituent concentrations are in mg/l.
! Combined Radium is the sum of the concentration of Radium-226 an Radium-228.
¢ Composite sample from the distribution system.

* The results of the Radon analysis of each supply source are provided in Appendix B.
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3.2  City of Brady - Brady Lake Water System
3.2.1 Water Supply

The water supply for the City of Brady - Brady Lake Water System is provided by
two wells that extend into the Hickory aquifer. The well capacities and locations are

presented in Table 3.2-1.

Table 3.2-1 T
City of Brady
Brady Lake Water Supply
Well Capacity Well Depth
No. (gpm) Location (ft)
II 6 70 Pump Station near Brady Lake 2225
8 390 Pump Station near Brady Lake 2460

The total water supply capacity which the Brady Lake Water System has available
to meet present and future water supply requirements is 460 gpm (0.66 MGD). The water
requirement for the Brady Lake Water System is included with the City of Brady’s
projections (Paragraph 3.1.1), and, as already established, the existing total well capacity
exceeds the projected requirements.

Based on TDH minimum system capacity requirements for a well supply (0.6
gpm/connection) and assuming there is no loss over time in well production capacities, the
existing well capacity for the Brady Lake water system is capable of serving, at the most, 765
connections, which greatly exceeds the present number of connections (109) served by the

system.

322 Major Distribution System Components
In addition to wells, other major system components of the Brady Lake Water System

include ground storage, high service pumping, and pressure maintenance facilities. Figure
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3.2-1 indicates the general location of these components.

Table 3.2-2 summarizes Brady’s system components. These system components were
reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

Table 3.2-2
City of Brady
Brady Lake Water System
Major Distribution Supply Components
Storage
Type | Capacity (gal.) | Location [l
Ground 50,000 Pump Station near Brady Lake “
Pressure 2,500 Pump Station near Brady Lake
High Service
No. | _Capacity ( ‘gpm) | Location
1 172 *  Pump Station near Brady Lake
2 172 Pump Station near Brady Lake
323 Water Quality

Table 3.2-3 presents the latest complete chemical analysis of the water supply wells
for the City of Brady - Brady Lake Water System. Shaded areas on the table indicate
constituent levels that exceed TDH limits. A quick review of the analysis shows that the
drinking water for the Brady Lake Water System is hard water with a high iron
concentration level that could cause "red” water problems in the distribution system. A
sequestering agent is added to the water to minimize the potential "red" water problems.

In addition, the radionuclide levels, in particular gross alpha and combined radium,
have in the past exceeded the present MCL given in the Drinking Water Standards of the
Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule

proposed on June 17, 1991.
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Table 3.2-3 —“
Brady Lake Water System
Water Analysis
Constituent Well #6 Well #8 | TDH Limit
Calcium 53 58
Chloride 31 13 300
Fluoride 0.7 0.7 2.0
Magnesium 50 45
Nitrate (as N) 0.02 0.02 10
Sodium 35 23
Sulfate 82 59 300
Total Hardness (as CaCO,) 337 329
pH (units) 8.0 8.0 7.0
Conductivity (umhos/cm) 858 785
Tot. Alka. (as CaCO,) 294 316
Bicarbonate 359 386
Carbonate 0 0
Dissolved Solids 439 395 1,000
P. Alkalinity (as CaCQ,) 0 0
Arsenic < 0.010 < 0.010 0.05
Barium 0.030 0.060 1.
Cadmium < 0.005 < 0.005 0.010
Chromium
Copper
Iron 99
Lead < 0.0200 < 0.0200
Manganese < 0.02 < 0.02
Mercury 0.0003 0.0004
Selenium < 0.002 < 0.002
Silver < 0.010 < 0.010
Zinc < 0.02

Gross Alpha (pCi/l)

Combined Radium (pCi/1)*

< 0.02
2

Radium 226 (pCi/l) 3.202
Radium 228 (pCi/l) 4.40°2
Gross Beta (pCi/l) , 20.302
Radon (pCi/])? 486 610

NOTE: Unless otherwise noted, all constituent concentrations are in mg/1.
!Combined Radium is the sum of the concentration of Radium-226 and

Radium-228.

2Composite sample from the distribution system.

’The resuits of the Radon analysis of each supply source are provided in

Appendix B.
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3.3 City of Eden
3.3.1 Water Supply

The water supply for the City of Eden is provided by six wells. The four shallow
wells are producing their waters from Edwards aquifer and associated limestones of the
Edwards-Trinity Plateau aquifer. The two deep wells are producing their waters from the
“sandy" portions of the San Saba member and Point Peak member of the Wilberns
Formation located just below the Ellenburger Group. The well capacities and locations are

presented in Table 3.3-1.

Table 3.3-1
City of Eden Water Supply

Well Capacity Well Depth
No. {gpm) » Location (fx)

1 200 At main pump station 42

2 400 Northeast of hospital 4040

3 150 Ellis Ranch 35

4 150 Canning Ranch 35

5 75 Canning Ranch 35

6 350 East of elevated storage tank 4060

The total water supply capacity which the City of Eden has available to meet present
and future water supply requirements is 1,325 gpm (1.91 MGD). As was shown in Table
2.4-1, by 2010, the City is expected to have water requirements totalling 0.328 MGD.
Assuming there is no loss over time in well production capacities, the existing water supply

system is more than adequate to meet the future water requirements of the City of Eden.

332 Major Distribution System Components

In addition to wells, other major system components of the City of Eden’s water
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distribution system include ground storage, high service pumping, and elevated storage which
provides pressure maintenance. Figure 3.3-1 indicates the general location of the major
system components.

Table 3.3-2 summarizes Eden’s syétem components. These components were
reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

Table 3.3-2
City of Eden
Major Distribution Supply Components
| Storage
Type l Capacity (gal.) I Location
Ground 750,000 At pump station
Elevated 150,000 Northeast part of town
: . {
(_High Service i
No. | Capacity (gpm) l : Location
1 500 Southeast of ground storage tank
2 1,000 Southeast of ground storage tank
3 500 Southeast of ground storage tank
333 Water Quality

Table 3.3-3 presents the latest complete chemical analysis and Table 3.3-4 presents
the latest Radon Analysis of the water supply wells for the City of Eden. Shaded areas on
the tables indicate constituent levels that exceed TDH limits. A quick review of the analysis

shows that the drinking water for the City of Eden is hard water.
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Table 3.3-3

City of Eden
Water Analysis
| Constituent Distribution’ | TDH Limit
| Calcium 76
Chloride 28 300
Fluoride 0.5 2.0
Magnesium 20
Nitrate (as N) 552 10
Sodium 24
Sulfate 21 300
Total Hardness (as CaCO,) 274
pH (units) 7.0 7.0
Conductivity (umhos/cm) 671
Tot. Alka. (as CaCO,) 247
Bicarbonate 301
Carbonate 0
Dissolved Solids 343 1,000
P. Alkalinity (as CaCO,) 0
Arsenic < 0.010 0.05
Barium 0.20 1.
Cadmium < 0.005 0.010
Chromium < 0.02 0.05
Copper < 0.02 1.0
ri Iron 0.03 0.3
Lead < 0.0200 0.05
Manganese < 0.02 0.05
Mercury 0.0011 0.002
Selenium < 0.002 0.01
Silver < 0.01 0.05
Zinc 0.28
Gross Alpha (pCi/l)
Combined Radium (pCi/1)!
Radium 226 (pCi/l) 2.60
Radium 228 (pCi/l) 4.80
Gross Beta (pCi/l) 14.00
NOTE: Unless otherwise noted, all constituent concentrations are in
mg/l.
1Cgo/mbined Radium is the sum of the concentration of Radium-
226 and Radium-228,
2Composite sample from the distribution system. |
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W Table 3.3-4

City of Eden
Radon Analysis
Well | Well | Well | Well | Well | Well Tower
Location #1 #2 #3 #4 #5 #6 Effluent

Concentration (pCi/1) 672 400 774 666 653 171 < 100

NOTE: The results of the Radon analysis of each supply source are provided in Appendix B. “

In addition, the radionuclide levels, in particular gross alpha and combined radium,
have in the past exceeded the present MCL given in the Drinking Water Standards of the
Texas Department of Health and radon exceed the MCL in the Radionuclide Rule,

proposed on June 17, 1991.

34  Live Oak Hills Subdivision
3.4.1 Water Supply

The water supply for the Live Oak Hills Subdivision is provided by one well that
extends into the Cap Mountain Member of the Riley Formation, of which the Hickory

aquifer is a lower member. The well capacity and location is presented in Table 3.4-1.

Table 3.4-1
Live Oak Hills Subdivision Water Supply
Well Capacity Well Depth |
No. (gpm) Location (ft)
1 45 Next to pump station and ground storage tank 1230

The total water supply capacity which Live Oak Hills Subdivision has available to

meet the present and future water supply requirements is 45 gpm (0.065 MGD). As was
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shown in Table 2.4-1, by 2010, the Subdivision is expected to have water requirements
totalling 0.011 MGD. Assuming there is no loss over time in well production capacities, the
existing water supply system is more than adequate to meet the future water requirements

of the Live Oak Hills Subdivision.

342 Major Distribution System Components

In addition to the well, other major system components of the Subdivision’s water
distribution system include ground storage, high service pumping, and pressure maintenance
facilities. Figure 3.4-1 indicates the general location of the major system components.
Table 3.4-2 summarizes the Subdivision’s system components. These components were
reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

Table 3.4-2
Live Oak Hills Subdivision
Major Distribution Supply Components
Storage
Type | Capacity (gal) | Location
Ground 20,000 At pump station '
Pressure 2,500 At pump station
I High Service
No, | capacity (gpm) | Location
1 35 At pump station
2 35 At pump station
343 Water Quality

Table 3.4-3 presents the latest complete chemical analysis of the water supply for the

Live Oak Hills Subdivision. Shaded areas on the table indicate constituent levels that
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Table 3.4-3
Live Oak Hills Subdivision

Combined Radium (pCi/l)
Radium 226 (pCi/l)
Radium 228 (pCi/l)

Gross Beta (pCi/l)

Radon {pCi/I)*

1

Water Analysis
Constituent Well #1 TDH Limit
“ Calcium 59
Chloride 19 300
Fluoride 0.9 2.0
J Magnesium 36
Nitrate (as N) 0.10 10
Sodium 22
Sulfate 44 300
Total Hardness (as CaCO,) 297
pH (units) 8.1 7.0
Conductivity (umhos/cm) 720
Tot. Alka. (as CaCQO,) 287
Bicarbonate 350
Carbonate 0
Dissolved Solids 361 1,000
P. Alkalinity (as CaCO,) 0
Arsenic < 0.010 0.05
Barium 0.09 1.
Cadmium < 0.005 0.010
Chromium < 0.02 0.05
Copper 0.02 1.0
Iron 0.17 0.3
Lead < 0.0200 0.05
Manganese < 0.02 0.05
Mercury < 0.0002 0.002
Selenium < 0.002 0.01
Silver < 0.01 0.05
Zinc 0.027 5.0
Gross Alpha (pCi/l)

mg/l.

provided in Appendix B.

NOTE: Unless otherwise noted, all constituent concentrations are in

!Combined Radium is the sum of the concentration of
Radium-226 and Radium-228.
*The results of the Radon analysis for each supply source are
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exceed TDH limits. A quick review of the analysis shows that the drinking water for the
Subdivision is hard water.

In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present MCL given in the Drinking Water Standards of the Texas Department

of Health and radon exceeds the MCL in the Radionuclide Rule, proposed on June 17, 1991.

3.5 City of Melvin
3.5.1 Water Supply

The water supply for the City of Melvin is provided by two wells, which produce their
waters from the "sandy" portions of the San Saba members of the Wilberns Formation

located just below the Ellenburger Group. The well capacities and locations are presented

in Table 3.5-1.
Table 3.5-1
City of Melvin Water Supply
Well Capacity Location Well Depth
No. (gpm) (ft)
2 195 Northwest corner of town at pump station 2500
3 170 40 yards west of elevated storage tank 2400

The total water supply capacity which the City of Melvin has available to meet the
present and future water supply requirements is 365 gpm (0.526 MGD). As was shown in
Table 2.4-1, by 2010, the City is expected to have water requirements totalling 0.031 MGD.
Assuming there is no loss over time of well production capacities, the existing water supply

system is more than adequate to meet the future water requirements of the City of Melvin.
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35.2 Major Distribution System Components

In addition to wells, other major system components of Melvin’s water distribution
system include ground storage, high service pumping, and elevated storage which provides
pressure maintenance. Figure 3.5-1 indicates the general location of the major system
components,

Table 3.5-2 summarizes Melvin’s system components. These components were
reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

Table 3.5-2
City of Melvin
Major Distribution Supply Components
Storage
Type | Capacity (gal.) I Location
Ground 40,000 Northwest corner of town at p.s.
Elevated 50,000 . West of town square
| High Service
No. | Capacity (gpm) I Location
1 320 At pump station
2 320 At pump station
3 250 At elevated storage tank
*Not in normal use at this time (stahdby use only).

353 Water Quality

Table 3.5-3 presents the latest complete chemical analysis of the water supply for the
City of Melvin. Shaded areas on the table indicate constituent levels that exceed TDH
limits. A quick review of the analysis shows that Melvin’s drinking water is hard water with
high iron and manganese concentration levels that could cause "red" and "black" water

problems in the distribution system.
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Table 3.5-3

City of Melvin
Water Analysis
Constituent Distribution Well #2 TDH Limit
Chloride 53 44 300 “
Fluoride 0.8 0.8 20 |
Magnesium 23 22
Nitrate (as N) 0.02 0.01 10
Sodium : 46 43
Sulfate 37 35 300
Total Hardness (as CaCOj) 245 230
pH (units) 8.2 8.1 7.0
Conductivity (umhos/cm) 740 698
Tot. Alka. (as CaCO,) 242 243
Bicarbonate 295 296
Carbonate 0 0
Dissolved Solids 374 356 1,000
P. Alkalinity (as CaCO,) 0 0
Arsenic
Barium
Cadmium
Chromium
Copper
Iron
Lead
Manganese
Mercury
Selenium
Silver
Zinc

Gross Alpha (pCi/l)
Combined Radium (pCi/l)!

Radium 226 (pCi/1) 5.70
Radium 228 (pCi/l) 2.20
Gross Beta (pCi/l) 20.00
Radon (pCi/I)® 3182 < 100

NOTE: Unless otherwise noted, all constituent concentrations are in mg/I1.
'Combined Radium is the sum of the concentration of Radium-226 and Radium-228.
>The radon concentration shown under the Distribution heading is for Well #1.

*The results of the Radon analysis for each supply source are provided in Appendix B.
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In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present MCL given in the Drinking Water Standards of the Texas Department

of Health and radon just exceeds the MCL in the Radionuclide Rule, proposed June 17, 1991.

3.6  Millersview-Doole Water Supply Corporation
3.6.1 Water Supply

The water supply for Millersview—Doole Water Supply Corporation is provided
primarily from two wells (Well Nos. 2 and 3) that extend into the Hickory aquifer. Well No.
1, which has an unknown capacity, is not in normal use at this time and extends into the
water-bearing sands of the Point Peak member of the Wilberns Formation. The well

capacities and locations are presented in Table 3.6-1.

Table 3.6-1
Millersview-Doole Water Supply Corporation Water Supply
Well Capacity Well Depth
No. {(gpm) Location (ft)
1 * About 1 mile northeast of Well No. 3 2485
2 410 About 0.5 mile south of Well No. 3 3209
3 420 __About 1.8 miles east of Melvin 3295
* Capacity 1s unknown and well is not in normal use at this time.

The total water supply capacity, based on the capacity of Well Nos. 2 and 3, which
the Millersview-Doole WSC has available to meet present and future water supply
requirements is 830 gpm (1.195 MGD). As was shown in Table 2.4-1, by 2010, the
Corporation is expected to have water requirements totalling 0.533 MGD. Assuming there
is no loss over time in well production capacities, the existing water supply system is more
than adequate to meet the future water requirements of the Millersview-Doole Water

Supply Corporation.
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36.2 Major Distribution System Components

In addition to wells, other major system components of the Corporation’s water
distribution system include ground storage, high service pumping, and elevated storage which
provides pressure maintenance. Figure 3.6-1 indicates the general location of the major
system components.

Table 3.6-2 summarizes the Corporation’s system components. These components
were reviewed for adequacy to meet the minjimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of
Health. All components meet or exceed these minimum requirements. The only potential
problem is the minimum system Eapadty requirements for well capacity. Based on the TDH
requirement of 0.6 gpm/connection, the Corporation will need to develop a new supply

source in the near future.

3.63 Water Quality

Table 3.6-3 presents the latest complete chemical analysis of the water supply wells
for the Millersview-Doole Water Supply Corporation. Shaded areas on the table indicate
constituent levels that exceed TDH limits. A quick review of the analysis shows that the
drinking water for the Corporation is hard water and the fluoride concentration exceeds the
secondary MCL. In addition, a sequestering agent is added to minimize the potential high
iron levels causing "red" water in the distribution system.

In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present MCL given in the Drinking Water Standards of the Texas Department

of Health and radon exceeds the MCL in the Radionuclide Rule proposed on June 17, 1991.
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BALLINGER Site High Service Ground Storage Pressure
Melvin Pump Station 2-7H0 apimn 50.000 gakon 35,000 gafion
EE 'E Salt Gap 200.000 galion
COKE COUNTY g 2 Millersview Pump Station 3235 gom 80,000 gallon 5.000 gallon
TOM GREEN COUNTY <@ o
‘_”: E Sansam Pump Staucn 2250 gpm $0,000 gallon 5.000 gallon
g E Eola Pump Station 2-250 gpm 100.000 gallon 7.100 gallan
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Table 3.6-2

Millersview-Doole Water Supply Corporation
Major Distribution Supply Components

Storage

, Type I Capacity (gal.) | Location |
Ground 50,000 Melvin Pump Station
Elevated 200,000 Salt Gap Station
Ground 60,000 Sansom Pump Station
Pressure 5,000 Sansom Pump Station
Ground 100,000 Eola Pump Station
Pressure 7,000 Eola Pump Station
Ground 60,000 Mikeska Pump Station
Pressure 7,000 Mikeska Pump Station
Ground 40,000 Vancourt Pump Station
Pressure 4,000 Vancourt Pump Station
Ground 70,000 Wall Pump Station
Pressure 4,000 Wall Pump Station
Ground 60,000 Sims Pump Station
Pressure 5,000 Sims Pump Station
Ground 60,000 Hutcheson Pump Station
Pressure 5,000 Hutcheson Pump Station
Ground 80,000 Millersview Pump Station
Pressure 5,000 Millersview Pump Station
Pressure 38,000 Well #1 (Pear Gap) - Standpipe
Ground 45,000* Lowake Pump Station
Pressure 5,000* Lowake Pump Station
Pressure 5,000* Hwy. 283 Near Lohn
* Not in normal use at this time (standby use only).
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Table 3.6-3
Millersview-Doole Water Supply Corporation
Water Analysis

Constituent Well #3 Well‘ #2 TDH

Calcium

Chloride

Fluoride

| Magnesium

Nitrate (as N)

Sodium

Sulfate

Total Hardness (as CaCO;)
PH (units)

Conductivity (umhos/cm)
Tot. Alka. (as CaCO,)

{| Bicarbonate

Carbonate

Dissolved Solids

P. Alkalinity (as CaCO,)
Arsenic

Barium

Cadmium

Chromium

Copper

Iron

Lead

Manganese

Mercury

Selenium

Silver

Zinc

Gross Alpha (pCi/l)
Combined Radium (pCi/1)’
Radium 226 (pCi/l)
Radium 228 (pCi/1)

Gross Beta (pCi/l) .
Radon (pCi/1)* 572 605 300 ¢

NOTE: Unless otherwise noted, all constituent concentrations are in mg/I,
! Combined Radium is the sum of the concentration of Radium-226
and Radium-228.

? Composite sample from the distribution system.

? The results of the Radon analysis are provided in Appendix B.
* The sample location for this Radon Analysis is the high service
pumps after storage.
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3.7 North San Saba Water Supply Corporation
371 Water Supply
The water supply for the North San Saba Water Supply Corporation is provided by

one well that extends into the Hickory aquifer. The well capacity and location is presented

in Table 3.7-1.
Table 3.7-1
North San Saba Water Supply Corporation
Water Supply
Well Capacity Location Well Depth
No. (gpm) (ft)
1 237 FM 500 3488

The total water supply capacity which the North San Saba Water Supply Corporation
has available to meet present and future water supply requirements is 237 gpm (0.34 MGD).
As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water
requirements totalling 0.116 MGD. Assuming no loss over time in well production capacity,
the existing water supply system is more than adequate to meet the future water
requirements of the North San Saba Water Supply Corporation, However, the Corporation
is about to begin construction on an enhancement project that will provide a supplemental

or emergency supply from the City of San Saba.

372 Major Distribution System Components
In addition to the one well, other major system components of the Corporation’s
water distribution system include ground storage, high service pumping, and pressure

maintenance facilities. Figure 3.7-1 indicates the general location of the major system
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components.

As part of the construction project that is about to begin, the Corporation will be
adding two (2) booster pump stations and standpipes to improve the service to existing and
future customers.

Table 3.7-2 summarizes the Corporation’s existing system components. These
components were reviewed for adequacy to meet the minimum system capacity requirements
for a public water system in accordance with the Rules and Regulations of the Texas
Department of Health. All existing components meet or exceed these minimum

requirements based on the present member of customers.

Table 3.7-2
North San Saba Water Supply Corporation
Major Distribution Supply Components

Storage '

Type I Capacity (gal.) I Location

Pressure 110,000 FM 3500 - standpipe
High Service
No. | Capacity ( ‘gpm) | Location
None
3.73 Water Quality

Table 3.7-3 presents the latest complete chemical analysis of the water supply for the
North San Saba Water Supply 'Corporation. Shaded areas on the table indicate constituent
levels that exceed TDH limits. A quick review of the analysis shows that the drinking water
for the Corporation is very soft water (< 50 ppm as CaCO; of Total Hardness) with a total

dissolved solids (TDS) concentration that is just below the Drinking Water Standards MCL.
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In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present maximum contaminant level given in the Drinking Water Standards of
the Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule

proposed on June 17, 1991.

38 Richland Water Supply Corporation - Brady System
3.8.1 Water Supply

The water supply for the Richland Water Supply Corporation - Brady System is
provided by one well that extends into the Hickory aquifer. The well capacity and location

is presented in Table 3.8-1.

Table 3.8-1
Richland Water Supply Corporation - Brady System
Water Supply

Well Capacity . Well Depth
No. (gpm) Location (fv)
1 310 Farm Road 1121 and U.S Highway 377 2640

The total water supply capacity which the Richland Water Supply Corporation System
has available to meet present and future water supply requirements is 310 gpm (0.446
MGD). As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water
requirements totalling 0.071 MGD. Assuming there is no loss over time in well production
capacity, the existing water supply system is more than adequate to meet the future water

requirements of the Richland Water Supply Corporation - Brady System.
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Table 3.7-3
North San Saba Water Supply Corporation

Water Analysis

lL Constituent Well #1 TDH Limit
Calcium 5
Chloride 288 300
Fluoride 1.6 2.0
Magnesium 1
Nitrate (as N) 0.04 10
Sodium 354
Sulfate 25 300
Total Hardness (as CaCO,) 17
pH (units) 8.5 7.0
Conductivity (umhos/cm) 1796
Tot. Alka. (as CaCO,) 364
Bicarbonate 427
Carbonate 8
Dissolved Solids 901 1,000
P. Alkalinity (as CaCO;) 7
Arsenic < 0.010 0.05
Barium < 0.50 1. k
Cadmium < 0.005 0.010
Chromium < 0.02 0.05
Copper < 0.02 1.0
Iron 0.02 0.3
Lead < 0.02 0.05
Manganese < 0.02 0.05
Mercury < 0.0002 0.002
Seienium < 0.002 0.01
Silver < 0.01 0.05
Zinc < 0.02 5.0
Gross Alpha (pCi/l) :
Combined Radium (pCi/1)?
Radium 226 (pCi/l)
Radium 228 (pCi/1)
Gross Beta (pCi/l)
Radon (pCi/1) 2
NOTE: Uhnless otherwise noted, all constituent concentrations are in
mg/1.
1 (g,‘{)mbined Radium is the sum of the concentration of Radium-226
and Radium-228.
2 The results of the Radon analysis are provided in Appendix B.
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3.8.2 Major Distribution System Components

In addition to the one well, other major system components of the Corporation’s
water distribution system include ground storage, high service pumping, and elevated storage
which provides pressure maintenance. Figure 3.8-1 indicates the general location of the
Imajor system components.

Table 3.8-2 summarizes the Corporation’s system components. These major
distribution system components were reviewed for adequacy to meet the minimum system
capacity requirements for a public water system in accordance with the Rules and
Regulations of the Texas Department of Health. All components meet or exceed these

minimum requirements.

Table 3.8-2 ll
Richland Water Supply Corporation - Brady System
Major Distribution Supply Components

Storage
Type I Capacity (gal.) l Location
Elevated 51,000 East of U.S. 377 - Placid Mountain
Pressure 105,000 Farm Road 1121 & U.S. 377 - standpipe '

3.8.3 Water Quality

Table 3.8-3 presents the latest complete chemical analysis of the water supply for the
Richland Water Supply Corporation - Brady System. Shaded areas on the table indicate
constituent levels that exceed TDH limits. A quick review of the analysis shows that the
drinking water for the Corporation is hard water with a high iron concentration level that
could cause "red" water problems in the distribution system. A sequestering agent is added

to minimize the potential "red" water problems.
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Table 3.8-3
Richland Water Supply Corporation - Brady System

Water Analysis

|| Constituent Well #1 TDH Limit

II Calcium 58 P
Chloride 31 300
Fluoride 0.7 2.0

{ Magnesium 39
Nitrate (as N) 0.02 10

u Sodium 38
Sulfate 61 300 I
Total Hardness (as CaCO,) 305 r
pH (units) 8.2 7.0
Conductivity (umhos/cm) 840
Tot. Alka. (as CaCO,) 302
Bicarbonate 368
Carbonate

Dissolved Solids

FJ P. Alkalinity (as CaCO;)
Arsenic

Barium

Cadmium

i Chromium

F Copper

Iron

Lead

Manganese

Mercury

Selenium

Silver

Zinc

Gross Alpha (pCi/l)
Combined Radium (pCi/1)! :

Radium 226 (pCi/l) 11.00
Radium 228 (pCi/1) 28.00
Gross Beta (pCi/l) 28.00
Radon (pCi/l) ® 655

mg/1.
Radium-226 and Radium-228.

B.

NOTE: Unless otherwise noted, all constituent concentrations are in
! Combined Radium is the sum of the concentration of

% The results of the Radon analysis are provided in Appendix
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In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present maximum contaminant level given in the Drinking Water Standards of
the Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule,

proposed on June 17, 1991.

3.9 Rochelle Water Supply Corporation
39.1 Water Supply

The water supply for the Rochelle Water Supply Corporation is provided by three
wells - one major well that extends into the Hickory aquifer and two (2) older wells that

extend into the Marble Falls aquifer. The well capacities and locations are presented in

Table 3.9-1.
‘ Table 3.9-1
Rochelle Water Supply Corporation
Water Supply
Well Capacity Location Well Depth
No. (gpm) (ft)
1 45 At pump station on U.S. Highway 150 2350
2 20* One block south of the pump station 285
3 20* Six blocks south east of the pump station 300
* Not in normal use at this time (st;ndby use only).

The total water supply capacity which the Rochelle Water Supply Corporation has
available to meet present and future water supply requirements is 85 gpm (0.122 MGD).
As was shown in Table 2.4-1, by 2010, the Corporation is expected to have water
requirements totalling 0.035 MGD. Assuming there is no loss over time in well production

capacities, the existing water supply system is more than adequate to meet the future water
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requirements of the Rochelle Water Supply Corporation.

3.9.2 Major Distribution System Components
In addition to the wells, other major system components of the Corporation’s water
distribution system include ground storage, high service pumping, and pressure maintenance
facilities. Figure 3.9-1 indicates the general location of the major system components.
Table 3.9-2 summarizes the Corporation’s system components. These components
were reviewed for adequacy to meet the minimum system capacity requirements for a public
water system in accordance with the Rules and Regulations of the Texas Department of

Health. All components meet or exceed these minimum requirements.

Table 3.9-2
Rochelle Water Supply Corporation
Major Distribution Supply Components
|_Storage
Type |_Capacity  (gal.) I Location
Ground 30,000 At pump station on U.S. Highway 190
Ground 30,000 At pump station on U.S. Highway 190
Pressure 2,570 At pump station on U.S. Highway 190
High Service -
No. | Capacity ( gpm) | Location
1 180 At pump station on U.S. Highway 190
2 180 At pump station on U.S. Highway 190
393 Water Quality

Table 3.9-3 presents the latest complete chemical analysis of the water supply wells
for the Rochelle Water Supply Corporation. Shaded areas on the table indicate constituent
levels that exceed TDH limits. A quick review of the analysis shows that the drinking water

for the Corporation is hard water with a high iron concentration level that could cause "red"
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Table 3.9-3
Rochelle Water Supply Corporation

Water Analysis
Constituent Distribution | TDH Limit
Calcium 42
Chloride 52 300
Fluoride 0.8 2.0
Magnesium 31
Nitrate (as N) 0.02 10
Sodium 59
Sulfate 80 300
Total Hardness (as CaCO,) 233
pH (units) 83 7.0
Conductivity (umhos/cm) 840
Tot. Alka. (as CaCO,) 230
Bicarbonate 281
Carbonate : 0
Dissolved Solids 428 1,000
P. Alkalinity (as CaCO,) 0
Arsenic < 0.010 0.05
Barium 0.505 1.
Cadmium < 0.005 0.010
Chromium
Copper
Iron .35
Lead < 0.0200 0.05
Manganese < 0.02 0.05
Mercury < 0.0002 0.002 |
Selenium < 0.002 0.01
Silver - < 0.01 0.05
Zinc
Gross Alpha (pCi/l)

Combined Radium (pCi/1) !
Radium 226 (pCi/1)
Radium 228 (pCi/l)

Gross Beta (pCi/l) .

Radon (pCi/I)? 530° 1873
NOTE: Unless otherwise noted, all constituent concentrations are in |
mg/l.

! Combined Radium is the sum of the concentration of Radium-226

and Radium-223,

% The results of the Radon analysis are provided in Appendix B.

3 For the Radon Analysis, the value shown under the Distribution
Heading is for Well #1 and the value shown under the TDH Limit
Heading is for Well #2.
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water problems in the distribution system. A sequestering agent is added to minimize the
potential "red" water problem.

In addition, the radionuclide levels, in particular gross alpha and combined radium,
exceed the present maximum contaminant level given in the Drinking Water Standards of
the Texas Department of Health and radon exceeds the MCL in the Radionuclide Rule,

proposed on June 17, 1991.
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SECTION 4



4.0 TREATMENT OPTIONS
Naturally occurring radionuclides, in particular radium-226, radium-228, and radon,
have been found in the drinking water supply sources of the participants of this study. The

treatment options for the removal of these radionuclides should have the following general

characteristics:
° Low first costs for the complete treatment system;
. Easy operation and maintenance;
. Low annual operation and maintenance costs;
. Minimal wastes produced by the treatment process; and
L ]

Fully automatic operation due to remote locations of potential treatment sites.

In this section, the treatment options available to remove the naturally occurring
radioactive materials (NORM) from the participant’s water supply sources will be reviewed.
First, the levels of NORM will be presented for each system. Then, the existing as well as
anticipated maximum contaminant levels (MCL) of the radionuclides will be given. Based
on these levels, the treatment options identified must be able to reduce the concentrations
of NORM found in the water to meet the MCLs for the radionuclides. The percentage of
reduction in the levels of NORM is called the "removal efficiency" of the treatment
technology. For each treatment option identified, a waste stream will be generated, and the

disposal options of this waste stream will be given in the last section.

4.1  Present Levels of NORM
Analyses of the water supply sources for each of the participants have been
performed to determine the concentrations of NORM in the water. In Table 4.1-1, the

maximum levels (or concentrations) of NORM that have been found to date are given.
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Table 4.1-1 "
Maximum Reported Levels of NORM
Gross

Participants Radium-226 | Radium-228 Alpha Radon
Brady 4.7 7.7 40.2 668
Brady Lake 32 44 13.3 610
Eden 2.6 4.8 27.0 774
Live Oak Hills Sub. 4.9 55 17.0 535
Melvin 5.7 22 49.0 318
Millersview-Doole WSC 18.0 61.0 93.0 605
North San Saba WSC 8.1 213 22.0 748 “
Richland WSC (Brady) 11.0 28.0 86.1 655
Rochelie WSC 4.4 5.0 22.0 530
Note: All constituent concentrations are in pCi/].

42 MCL For NORM

In July, 1976, the U.S. Environmental Protection Agency (EPA) published interim
regulations that limit the concentrations of radionuclides in public water systems.
Subsequent to this, the Texas Department of Health also adopted these same published
limits into its Drinking Water Standards. At the present time, there is a maximum
contaminant level for only two constituents of NORM. Those constituents and the

appropriate MCLs are:

Combined Radium-226 & Radium-228 5 pCi/l
Gross Alpha 15 pCi/l

In general, one or more of the levels of NORM given in Table 4.1-1 for each of the

participants exceeds the present MCL for that constituent.
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On June 17, 1991, EPA published rules proposing new MCLs for radionuclides found
in public water systems. The proposed constituents of NORM to be regulated and

subsequent MCLs are:

Radium-226 20 pCi/1
Radium-228 20 pCi/1

Uranium 20 mg/1

Radon 300 pCi/1

Gross Alpha (adjusted) 15 pCi/l

Gross Beta 4 millirem/ede/year

Based on the proposed constituents and their MCLs, most of the water supply sources
for the participants will meet the individual radium and uranium concentration levels.
However, none of the water supply sources will meet the proposed MCL for radon, except
for one well (Well No. 6) supplying the City of Eden.

The constituents and MCLs shown above are based on the proposed rule and not on
the final rule. Therefore, caution should be exercised because the constituent(s) to be
regulated as well as the MCLs could (and probably will) change in the final rule. To
provide the participants with the flexibility to meet the changing regulatory environment,
treatment options will be identified to provide removal efficiencies that will meet the

existing as well as any future regulations of NORM.

43  Treatment Alternatives for the Removal of Radium

There are numerous treatment alternatives for the removal of naturally occurring
radium from public water supply sources. Table 4.3-1 presents a summary of the most
common radium removal treatment alternatives. On the following pages, the treatment
process for each of the alternatives will be described in general, as well as the predicted
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Table 4.3-1
Radium Removal Treatment Alternatives

Efficiency Full-Scale

Treatment Process (percent) | Plant Operation | Type(s) of Waste
Sodium Cation 95 Yes Backwash, brine and
Exchange rinse wastewater 1
Lime-Soda Ash 80 - 90 Yes Lime sludge and
Softening filter backwash water
Reverse Osmosis 95 Yes Continuous brine
wastewater stream
Low-Pressure > 93 Yes Continuous brine
Membrane Filters wastewater stream
Manganese 50 Limited Backwash and
Greensand with permanganate feed
Potassium wastewater
Permanganate Feed
Manganese Dioxide 90 Limited No backwashing or
Impregnated Filter regeneration
Iron Oxidation- 0-25 Yes Filter backwash
Filtration Process water
Radium Selective 98 Yes Media may require
Removal Resins periodic backwashing

removal efficiency, and the type of waste generated. Cost information will also be presented
for two different scenarios based on the present TDH Drinking Standards and the proposed
Radionuclide Rule.

To provide a general basis for comparing the costs of all treatment and supplemental
supply alternatives, all costs will be reduced to a cost per thousand gallons based on 1990

and 2010 water use.
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4.3.1 Sodium Cation Exchange

The sodium cation exchange (or zeolite) process depends upon the ability of certain
substances to exchange cations with other cations dissolved in water. For instance, when
hard water is passed through a sodium cation exchanger, the calcium and magnesium ions
in the hard water replace the sodium ions on the exchange medium and thus the water is
softened. Since the reaction is reversible, after all of the sodium ions have been removed
from the medium and exchanged, the cation exchange medium is regenerated by
reintroducing the sodium ions to the medium with a sodium chloride solution. In
regenerating the medium, the calcium and magnesium ions on the cation exchange medium
are replaced with a new supply of sodium ions from the brine solution used for
regeneration. Then, after backwashing the exchange medium to clean it of the calcium and
magnesium cations and any excess salt, the regenerated exchanger is ready to begin the
exchange process again and soften a new supply of hard water.

Radium is an alkaline earth metal or a cation with a valence state like that of
calcium and magnesium. Therefore, a sodium cation exchange process will remove radium
in the same way as it does calcium and magnesium. However, radium is the preferred ion
over calcium or magnesium for removal by the synthetic exchange resin; therefore, a
hardness (calcium or magnesium) breakthrough, which means that the resin can no longer
remove these ions, will indicate that the exchange medium needs regeneration before
radium will break through.

The removal efficiency of the cation exchanger varies somewhat during the normal
operation cycle between regenerations. In general, the sodium cation exchange process will

remove 95 percent of the radium found in the raw water.
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The sodium cation exchange process has typically been used for turning "hard" water
into "soft" water and there are numerous operating facilities, both large and small, located
throughout Texas as well as the United States. However, only recently has the sodium
cation exchange process been utilized for the removal of radium from drinking water.

The typical waste generated by the sodium cation exchange process is a liquid stream
of brine waste, backwash (or backflush), and rinse of the medium. Typically, this waste
stream is approximately five to eight percent of the raw water flow. However, technology
advances in the regeneration of the medium have decreased the waste stream to
approximately two percent of the raw water flow.

One of the problems with the sodium cation exchange process is a high level of
sodium in the treated water. To minimize and possibly eliminate this problem, studies
indicate that potassium chloride can be substituted for sodium chloride without any problem.
However, potassium chloride is approximately 50 to 70 percent more expensive than sodium
chloride in the quantities that would be typically required for most of the treatment facilities
for this area.

Table 4.3.1-1 presents the costs of constructing, operating, and maintaining a sodium
cation exchange process for the removal of radium for each of the study participants to meet
the existing TDH Drinking Water Standards. The general design parameters for the design

of the facilities are as follows:

Treatment Capacity - Two times the 2010 high projected annual water
requirements (from Table 2.4-1) so that capacity is
available to meet the potential peak day demands of the
system.

Radium Removal Efficiency - 95%.
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Finish Water Radionuclide
Concentration - 4 pCi/l Combined Radium-226 & Radium-228 or 13
pCi/l Gross Alpha to meet the existing TDH Drinking
Water Standards.

3
Table 4.3.1-1
Construction, Operation and Maintenance Cost
For Sodium Cation Exchange Process
to Produce a Finish Water that
Complies with the Existing TDH Standards
Initial O&M Monthly Debt
Participant Total Project Cost Number of | Service Cost/
Cost ($/1,000 gallons)| Connections | Connection*
Brady $2,700,000 $0.098 2,915 $7.23
Eden 213,000 0.083 613 271
Live Oak Hills Sub. 45,300 0.049 17 20.80
Melvin 73,750 0.055 140 411
Millersview-Doole WSC 381,250 0.088 1,396 2.13
North San Saba WSC 128,250 0.075 241 4,16
Richland WSC 132,000 0.070 218 473
Rochelle WSC 73,750 0.056 97 5.94
*Assuming 8% interest for 25 years.

The cost of the sodium cation exchange treatment option for removing the radium
to levels meeting the TDH Drinking Water Standards, assuming the total project cost is
financed for eight percent interest for 25 years, without capitalizing interest, varies for each
participant, but the average cost per thousand gallons for all the participants is $0.57 based
on 1991 water use. With O&M, the total 1990 average cost would be $0.65 per thousand
gallons. By 2010, the total average cost per thousand gallons would reduce to $0.55.

Table 4.3.1-2 presents the costs of constructing, operating, and maintaining a sodium

cation exchange process for the removal of radium for Millersview-Doole WSC, North San
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Saba WSC, and Richland WSC to meet the proposed Radionuclide Rule. The water

supplies for the other participants will meet the proposed MCLs for Radium-226 and

Radium-228, so no treatment is required. The general design parameters for the design of

the faclities are as follows:

Finish Water Capacity -

Radium Removal Efficiency -

Finish Water Radionuclide
Concentration -

Two times the 2010 high projected annual water
requirements (from Table 2.4-1) so that capacity is
available to meet the potential peak day demands of the
system through treatment and blending.

95%.

15 pCi/l Radium-226 or Radium-228.

Table 4.3.1-2

Construction, Operation and Maintenance Cost
For Sodium Cation Exchange Process
to Produce a Finish Water that
Complies with the Proposed Radionuclide Rule

Initial O&M

Monthly Debt

Participant Total Project Cost Number of | Service Cost/
Cost ($/1,000 gallons)| Connections | Connection*
Millersview-Doole WSC 305,000 0.086 1,396 171 |
North San Saba WSC 73,750 0.056 241 2.39
Richland WSC 88,500 0.059 218 3.16

*Assuming 8% interest for 25 years.

The total project cost includes the following items:

mm Sowp

Equipment, piping, and valving;
Building for equipment;
Electrical and controls;

Land for and construction of evaporation ponds for disposal of the
concentrate (no cost for disposal of the residue has been included);

Engineering; and
Legal and administration.
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The cost of the sodium cation exchange treatment option for removing the radium levels
meeting the Radionuclide Rule, assuming the total project cost is financed for eight percent
interest for 25 years, without capitalizing interest, varies for the three participants, but the
average cost per thousand gallons for the three participants is $0.24 based on 1991 water
use. With O&M, the total 1990 average cost would be $0.31 per thousand gallons. By 2010,

the total average cost per thousand gallons would reduce to $0.28.

43.2 Lime - Soda Ash Softening

The lime - soda ash process uses lime and soda ash to change soluble calcium,
magnesium, and radium compounds into nearly insoluble compounds that are removed by
flocculation, settling, and filtration in a typical water treatment plant. Lime is added to raise
the pH of the raw water to a level where the maximum precipitation of magnesium and
radium occurs. After the precipitation of magnesium and radium, the water is recarbonated
with carbon dioxide to lower the pH precipitation of calcium. Soda ash is normally added
to precipitate the remaining noncarbonate hardness. The water is then filtered to remove
any remaining solids before it is pumped into the water distribution system.

The removal efficiency of the lime - soda ash process varies somewhat, depending
on the maximum pH of the groundwater. In general, however, the lime - soda ash softening
process removes 80 to 90 percent of the radium found in raw water.

The lime - soda ash softening process has typically been used for turning "hard" water
into "soft” water, and there are numerous operating facilities, both large and small, located
throughout Texas as well as the United States. However, only recently has lime - soda ash

softening been used for the removal of radium from drinking water.
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Typically, the waste generated in the lime - soda ash softening process is a semi-
liquid stream containing sludge from the settling basins and filter backwash. Usually, the
volume of this waste stream is approximately eight to 10 percent of the raw water flow.

Although the lime - soda ash softening process is a very viable method of removing
radium, the costs of constructing, operating and maintaining a lime - soda ash softening
treatment plant are not very economical at the capacities required for the participants of
this study. For example, the cost of constructing a lime - soda ash softening treatment plant
at the City of Brady’s Well No. 5 (capacity 1,000 gpm) is over $2,500,000. Brady has three
well sites of a similar capacity, so the total project cost for the City would be $7,500,000.
The operation and maintenance cost for a lime-soda ash softening plant of this size would
be approximately $1.10 per thousand gallons. If the project cost is financed at eight percent
for 25 years, without capitalized interest, the annual debt service would be $702,600, which
equates to $1.13 per 1,000 gallons based on Brady’s 1990 water use. With O&M, the total
1990 cost would be $2.43 per thousand. By 2010, or when water requirements reach 1.934

mgd, the total cost per thousand gallons would reduce to $2.10.

43.3 Reverse Osmosis

In the reverse osmosis (RO) demineralizing process, water is pressurized and piped
into a reverse osmosis unit where relatively pure water diffuses through a semi-permeable
membrane and becomes the product water, leaving a concentrated reject water. The normal
operating pressure of a typical reverse osmosis unit is approximately 240 to 440 psi.

The removal efficiency of the reverse osmosis process varies somewhat, but, in

general, RO will remove 95 percent of the radium found in the raw water.

September, 1991 4-10



The reverse osmosis process has typically been used for the removal of dissolved
solids and other contaminants found in water, and there are numerous operating facilities,
both large and small, located throughout Texas as well as the United States. However, only
recently has the reverse osmosis process been utilized for the removal of radium from
drinking water.

The typical waste generated by the reverse osmosis process is a concentrated liquid
stream of the reject from the RO units and the wastes from the membrane cleaning system.
Typically, this waste stream is approximately 20 to 30 percent of the raw water flow.

The costs of constructing, operating, and maintaining a reverse osmosis treatment
plant, like a lime - soda ash treatment plant, are not very economical at the capacities
required for the participants of this study. For example, the cost of constructing a reverse-
osmosis treatment plant for North San Saba WSC (capacity 130 gpm) is over $500,000 with
an operation and maintenance cost of $1.25 per thousand gallons. In addition, the waste
stream would be 20 to 30 percent of the raw water flow, which is significantly higher than
other treatment alternatives. The greater volume of waste, which must be disposed of,
greatly increases the total cost of this alternative.

Based on a total project cost of $500,000 for North San Saba WSC and financing at
eight percent interest for 25 years, without capitalizing interest, the annual debt service
would be $46,840, which equates to $1.58 per 1,000 gallons of 1990 water use. With O&M,
the total 1990 cost would be $2.84 per thousand. By 2010, or when water requirements

reach 0.116 mgd, the total cost per thousand gallons would reduce to $2.36.

434 Low-pressure Membrane Filters
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The low-pressure membrane filter process is similar to the reverse osmosis process,
except the membranes are designed to selectively remove undesirable constituents at a lower
pressure. The normal operating pressure of a low-pressure membrane filter system is
approximately 70 psi, which is significantly less than the minimum of 240 psi required by an
RO system.

The radium removal efficiency of the low-pressure membrane filter process is
generally at least 93 percent, which is slightly less than that of the reverse osmosis process.

The low-pressure membrane filter process has typically been used for the selective
removal of divalent cations, such as calcium and magnesium, as well as other contaminants
found in water. There are numerous large and small facilities using this process throughout
the United States. Only recently, however, has the low-pressure membrane filter process
been used to remove radium drinking water.

The typical waste generated by the low-pressure membrane filter process, like that
from RO, is a liquid stream containing the concentrate (or reject) from the filter units and
the wastes from the membrane cleaning system. Typically, this waste stream is
approximately 20 to 30 percent of the raw water flow.

Like RO, the low-pressure membrane filter process is very costly at the capacities
required by the study participants. And, like reverse osmosis, the waste stream volume is
very high compared to other processes. Initially, this treatment alternative is not a viable
method for the participants; however, membrane technology is rapidly changing and, over

time, this method may merit further review.
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435 Manganese Greensand

Manganese greensand is typically used to remove excess soluble iron and manganese
found in groundwater. Manganese greensand is manufactured by treating glauconite with
manganous sulfate and potassium permanganate to provide an active supply of iron and
manganese oxides on sand grains. Radium is absorbed by the hydrous oxides of iron and
manganese typically found in a manganese greensand filter bed. When the oxidizing
capacity of the bed is exhausted, it is regenerated with permanganate, returned to service,
and reused. In lieu of batch regeneration, continuous regeneration can be performed by
feeding a solution of potassium permanganate continuously into the raw water ahead of the
filter to reduce the amount of soluble iron and manganese applied to the filter.

The removal efficiency of the manganese greensand filter process is relatively poor
compared to other processes. In general, manganese greensand will remove 45 to 55
percent of the radium in raw water.

There are very few facilities in the United States utilizing manganese greensand for
the removal of iron, manganese, or radium. Only recently has the manganese greensand
filter process been utilized for the removal of radium from drinking water.

The typical waste generated by the manganese greensand filter process is the liquid
stream used to backwash the filter bed. Typically, this waste stream is approximately 20 to
30 percent of the raw water flow.

Manganese greensand is a relatively new process as evidenced by the limited number
of installations in the United States. In addition, the waste stream volume is very high and

radium removal efficiency is low compared to other treatment alternatives. Initially, this
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treatment alternative does not appear to be a viable method for the removal of radium in

the participants’ water supplies.

43.6 Manganese Dioxide Impregnated Filter

Manganese dioxide is loaded or coated on a prewoven filter element to form a
manganese dioxide impregnated filter. Typically, 10 to 25 percent (by weight) of manganese
dioxide is coated on the filter media to provide an adsorption area for the removal of
radium as well as the other divalent alkaline earth metals, such as calcium and manganese.
In this process, the manganese dioxide filter cannot be regenerated because the radium is
adsorbed permanently onto the filter media.

The removal efficiency of the manganese dioxide impregnated filter process is
relatively good, generally removing about 90 percent of the radium found in the raw water.

The manganese dioxide impregnated filter process is a relatively new process that has
typically been used only in laboratory tests to determine its ability to remove radium. There
are no facilities in the United States utilizing manganese dioxide impregnated filters for the
removal of iron and manganese or radium.

The typical waste generated by the manganese dioxide impregnated filter process is
a solid consisting of the filter itself, since radium is permanently absorbed to the media. As
long as the level of radium is low enough, the filter(s) can be disposed of in the nearest
sanitary landfill.

Manganese dioxide impregnated filters are a relatively new process, as evidenced by
the lack of installations in the United States. In addition, the waste stream volume is very

high compared to other treatment alternatives. Since it is experimental, this alternative is
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currently not a viable treatment option for the participants; however, after additional testing,
including use in full scale plants and implementation of mass production of the filters, this
process may prove to be cost-effective. If the filters can be produced at a reasonable cost,
their use could become popular since waste disposal would not require dewatering or other

means of drying the waste prior to disposal.

43.7 Iron Oxidation-Filtration Process

Potassium permanganate, chlorine, chiorine dioxide, or other oxidants can be used
to oxidize soluble iron and manganese in water. After oxidation, the iron and manganese
forms a hydroxide that easily precipitates in a settling basin or can be removed by filtration.
Radium can also be removed from water by this process since the precipitate sometimes
adsorbs radium. Then, the radium is subsequently removed in the settling basin or filters,
along with the precipitate.

The removal efficiency of the iron oxidation-filtration process is relatively poor since
the process usually removes no more than 25 percent of the radium found in the raw water.
In some cases, very little or no radium may be removed by the precipitate because the ionic
charge of the precipitate is the same as radium. Therefore, radium will not be absorbed to
and removed by the precipitate.

The iron oxidation-filtration process has typically been used for the removal of iron,
and it is sometimes used to remove manganese. There are numerous large and small
facilities in Texas and the United States utilizing this process for iron removal. Only
recently has the iron oxidation-filtration process been utilized for the removal of radium

from drinking water.

September, 1991 4-15



The typical waste generated by the iron oxidation-filtration process is a semi-liquid
consisting of the iron oxide particles with the radium permanently adsorbed into them. As
long as the level of radium in the particles is low enough, it can be disposed of in the
nearest sanitary landfill.

Iron oxidation-filtration process is not a viable treatment alternative for the study
participants due to its very low radium removal efficiency. This process does not merit

further consideration.

43.8 Radium Selective Complexer

The radium selective complexer is comprised of resins that will selectively remove
only radium from the water passing through it. The radium is permanently absorbed onto
the complexer resin and cannot be removed.

The removal efficiency of the radium selective complexer is exceptionally good. In
general, the complexer will remove 98 percent of the radium found in the raw water.

The radium selective complexer is a new treatment process for the removal of
radium. There are only a few operating facilities in the United States.

The typical waste generated by the radium selective complexer is a solid consisting
of the complexer resin with the radium permanently adsorbed into it. As long as the level
of radium is low enough, the resin can be removed and disposed of in the nearest sanitary
landfill.

At first glance, the radium selective complexer would appear to be a viable method
for the removal of radium. However, the manufacturer of the complexer has stated that it

is an experimental process and not available for normal use. Therefore, this treatment

September, 1991 4-16




alternative is not a viable method. If the manufacturer makes the complexer available for

normal use, this option may be worth consideration in the future.

4.3.9 Point of Use Treatment

The typical point of use (POU) (i.e.,, at the location of the connection) treatment
would be sodium cation exchange and reverse osmosis processes. The system would be
installed under the sink, if possible, or in a small out-building. The system would provide
water on an as-needed basis.

The removal efficiency of the point of use treatment processes would be the same
as that given above for sodium cation exchange or reverse osmosis. In general, POU
treatment will remove 90 to 99 percent of the radium found in drinking water.

The typical waste generated by the POU treatment systems is a liquid consisting of
the brine from the RO unit or the ion exchange unit, which can be disposed of at an on-site
septic system or a publicly owned treatment works.

The Texas Department of Health has issued a policy statement that states that POU
treatment is not considered a viable alternative to centralized treatemnt. Another major
issue to be addressed with POU treatment is who is responsible for the maintenance and
operation of the POU devices. The water purveyor is responsible for supplying potable
water to the customers that meets all rules and regulations of the Texas Department of
Health. Therefore, the water purveyor is technically responsible for the operation and
maintenance of the POU treatment units. Depending on the locaton of and access to the

POU treatment units, this may or may not be a problem.
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The typical cost of a POU treatment varies widely. For example, the typical sodium
cation exchange system for treating all the water entering the house costs $1,800 to $2,500
without a building. The normal operation and maintenance costs for the sodium cation
exchange system is $5 to $8 per month. The typical life of this POU treatment devices is
15-20 years.

For cost comparison purposes, we will assume that a POU treatment system is the
selected treatment option to be installed by the participants in each home in lieu of
centralized treatment. The cost of the project will be financed at eight percent interest for
15 years (the minimum life of the units), without capitalized interest, the average cost per
thousand gallons for all the participants is $2.43 based on 1990 water use. With O&M, the
total 1990 average cost would be $2.83 per thousand gallons. By 2010, the total average cost

per thousand gallons would reduce to $2.61.

4.4  Treatment Alternatives For the Removal Of Radon

Radon is one of the naturally occurring radioactive materials that will be regulated
by the Radionuclide Rule to be promulgated by EPA in the near future. Radon is the only
gas of the radionuclides and is a member of the noble gas group, which includes helium,
argon, and other chemically inert monatomic gases. Therefore, the treatment alternatives
for the removal of radon include stripping the gaseous radon from the water, providing
detention time in a reservoir to allow the decay and dissipation of the radon, and absorption

onto another media such as granular activated carbon.
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44.1 Stripping

Because radon is a gas, it can easily be removed or stripped from the water by
aeration. The methods for stripping radon can be simple, such as providing splash plates
in ground storage tanks to aerate the water, or complex, such as trickling water over a media
in a packed tower to form water droplets which are then aerated by air which is forced
through the media.

The removal efficiency of each method varies according to the amount of energy
expended in aeration. The simple stripping method of splash plates in a ground storage
tank, removes approximately 50 percent of the radon in the raw water. The more complex
packed tower aeration method, removes approximately 98 percent of the radon in the raw
water.

It was not within the scope of this study to perform detailed review of each of the
participants’ ground storage tank installations to determine an estimate of the cost to modify
each reservoir to air strip radon. However, the only modifications required would be to
change the tank inlet from the bottom to the top and add splash plates in the tank. It is
estimated that the costs of these modifications would be in range of $5,000 to $10,000,

depending on the size of the tank and piping.

442 Detention
Due to its short half-life and the fact that it is a gas, radon can be removed from
water by detaining the water in a storage tank until the gas has dissipated or the radon has

decayed. Research has shown that if water containing high levels of radon is allowed to
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stand in a tank for five to six days, radon will be reduced approximately 70 to 80 percent
through decay and dissipation.

By using supplemental aeration along with extending detention time in the reservoir,
removal efficiencies can be increased significantly. Supplemental aeration can be added by
including a small blower and air diffuser in the ground storage tank or an external blower
and a venturi that injects air into the water in the tank. Depending on the amount of
supplemental aeration added, the removal efficiency can be increased to the point that 90
to 99 percent of the radon in the raw water is removed.

Based on discussions with the study participants, it appears that there is excess
storage tank capacity for at least most of the year, particularly for the smaller systems.
However, during times of heavy usage, detention times on the order of five to six days are
not feasible. Therefore, to provide year round reduction of radon, all participants would
have to construct additional storage facilities to provide the required detention time.
Typically, the cost of constructing a new above ground steel reservoir ranges from $60,000
for a 10,000 gallon tank to $300,000 for a 500,000 gallon tank. For the smaller systems,
extending detention time may be a viable alternative to reduce radon, but for the larger

systems, such as Brady, it is not.

4.4.3 Adsorption by Carbon
Granular activated carbon (GAC) is a very strong adsorbent media, and it is the best
available treatment technology for the removal of most volatile contaminants. Since radon

is a very volatile gas,. GAC will easily remove radon from water.
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To remove radon using GAC, the treatment system must include a tower or filter bed
filled with GAC over which water is distributed and allowed to trickle down. As water
trickles through the GAC, radon is adsorbed (or attached to) the GAC. Then, due to its
short half-life, the adsorbed radon is removed from the media over time by decay, or it is
dissipated into the air. GAC removes 50 to 80 percent of the radon in raw water.

One of the main problems with GAC is its high adsorption capacity. In addition to
radon, GAC will remove other constituents in the water, including iron, manganese,
particulates, and microorganisms. The accumulation of these constituents will necessitate
more frequent periodic backwashing or pretreatment to prevent significant increase in
headloss across the filter which reduces the capacity of the filter. In addition, due to
accumulation of radioactive materials, radioactive emissions from the GAC filter could be
higher than normal background levels, requiring the filter to be shielded to protect

personnel in the area.

4.5 Waste Disposal Alternatives

As discussed in previous sections describing treatment alternatives, the wastes to be
disposed of are either liquid, such as the concentrate or brine, or solid, such as a sludge or
filter media. The disposal alternatives for each are very different.

To complicate matters, the regulations covering the disposal of such wastes are
changing, Presently, the only regulations covering the disposal of waste from naturally
occuring radioactive materials (NORM) are federal regulations covering the disposal of low
level radioactive wastes. Under these federal regulations, the only alternative available for

the disposal of such wastes is deposition in a federally regulated low level radioactive waste
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disposal site. Currently, there are only four low level radioactive disposal sites in the United
States at which NORM wastes can be disposed, and the closest site to this area is located
in Nevada. However, NORM wastes typically contain levels of radioactivity that are
significantly below the levels of radiation of the wastes normally deposited in federally
regulated disposal sites.

Within the last few months, the Texas Department of Health has begun the process
of developing rules and regulations for the disposal of NORM wastes. It is anticipated that
it will take six months to one year to complete the rule-making process so state rules and
regulations presently cover the disposal of NORM wastes. It is expected that the state rules
will allow NORM wastes to be discharged into a wastewater treatment plant or deposited
in a sanitary landfill. The disposal alternatives discussed in the following sections are based
on the proposed state level rules and regulations covering the disposal of NORM wastes as
we understand them at this time. The study participants should monitor the development
of these rules and regulations and select disposal alternatives after the final rules have been

implemented.

45.1 Disposal at POTW

The best alternative for the disposal of NORM wastes mixed with water is to
discharge it in the closest available publicly owned treatment works (POTW) for the
treatment and disposal of sewage. Of all the participants of this study, only the City of
Brady owns and operates a POTW. The wastes can be discharged to the sanitary sewer or

otherwise transported to the sewage treatment plant for treatment and disposal with the
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normal sewage wastes and sludges. Disposing of NORM wastes in this manner would
eliminate or minimize the need for additional treatment.

The controlling factor in the disposal of NORM wastes in a POTW is the
concentration of radioactivity in the wastewater sludge. However, the volume of NORM
wastes and the amount of radioactivity in the water treatment sludge should be minor
compared to the volume of sanitary sewage being treated at the POTW, and the resultant
levels of radioactivity in the wastewater sludge should be below the proposed maximum
level(s) in the new state regulations in order for the solids to be deposited in a sanitary

landfill.

452 Disposal at a Landfill

After the Texas Department of Health rules are implemented, another alternative
for the disposal of NORM wastes will be the nearest sanitary landfill. The wastes would
typically be required to be in a solid (or near solid) state before they can be disposed of in
the landfill. For instance, if the chosen treatment alternative produces a liquid or semi-
liquid waste stream, the wastes will have to be consolidated into a transportable solid before
disposal.

The consolidation process could involve treatment ranging from removing the radium
from the liquid waste stream by another treatment process such as the radium selective
complexer that produces a disposable solid. Removing the water from the sludges produced
in lime-soda ash softening by devices such as centrifuges results in a semi-solid sludge cake.
Also, evaporating the water in evaporation ponds will produce a substance that can be

disposed of in a sanitary landfill.
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Regardless of the water treatment process, if the NORM waste stream consists
primarily of water, further treatment will be required to produce a substance that can be
disposed of in a sanitary landfill. And, as discussed for disposal via wastewater sludge, the
concentration of radioactivity in the substance deposited in the sanitary landfill must meet

the proposed maximum level required by the new state regulations.

4.5.3 Radon Disposal

As discussed earlier, aeration (or stripping) is the best treatment alternative for the
removal of radon. After stripping, the stripped radon is typically disposed of by dispersing
it into the air. In this process, radon is mixed with air so that the concentration of radon
in the air does not exceed the normal background level.

If granular activated carbon (GAC) is used to remove radon, the spent GAC must
be reactivated. The radon removed in this process is also disposed of by dispersing it into

the air. If necessary, the spent GAC can be disposed of in a sanitary landfill.

4,6 Summary
For the participants of this study, the potential treatment options for removing the
radium and radon have been identified. Table 4.6-1 lists the costs for the potential

treatment options for the removal of radium.
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’l Table 4.6-1
Project Cost of Potential Treatment Options for the

Removal of Radium
L (Cost per 1,000 Gallons Based on 2010 Water Use)

PSodium Cation Exchange $0.55
{Lime-Soda Ash Softening 2.10
Reverse Osmosis 2.36
Point of Use 261
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50 ALTERNATIVE WATER SUPPLY SOURCES
5.1  Introduction

As discussed in the previous section, there are a number of water treatment
alternatives available to treat the study participants’ water supplies to remove radionuclides.
In addition to treating their water, the participants could develop alternative water supply
sources to either replace or supplement their existing supply sources. In this chapter,
various alternative supply sources will be identified.

For this study, it has been assumed that the water distribution systems of the
participants will be adequate to receive, store, and distribute water from an alternative water
supply source. However, in reality, distribution systems built around wells scattered
throughout the system typically require modification to efficiently serve customers from a
single source. In addition, it has been assumed that study participants or entities in the
surrounding area with an under-utilized supply source would be willing to supply water to
any other entity that participates in a regional water supply system,

The costs outlined for each regional water supply system include the capital cost of
a water treatment plant, if required, to treat the water to meet the TDH Drinking Water
Standards and the transmission system necessary to transport water from the plant to each
participating entity. In addition, the cost estimates include the projected annual operation

and maintenance cost.

5.2 Surface Water Sources

There are five potential sources of surface water in the area that might be used to
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either replace or supplement the existing water supplies of the study participants. These
potential sources are Lake Brady, O.H. Ivie Reservoir, Lake Brownwood, the City of San
Angelo, and the potential San Saba Reservoir. Each of these potential surface water

sources is described in greater detail below.

5.2.1 Lake Brady

Lake Brady, completed in 1963, is owned by the City of Brady, which has a permit
from the Texas Water Commission to use 3,000 acre-feet of water annually from the lake
for municipal purposes and 500 acre-feet annually for industrial purposes. The dependable
yield of the lake is estimated to be 3,100 acre-feet or 2.76 million gallons of water per day
(mgd)’. However, this estimate of the dependable yield of Lake Brady has been questioned
by the City of Brady and others in the area. Therefore, a new dependable yield study of
Lake Brady should be performed before this alternative supply source is utilized. But, for
the purposes of this study, the dependable yield of Lake Brady is assumed to be 3,100 acre

feet per year.

5.2.1.1 Lake Brady Regional System I

Lake Brady could supply the City of Brady and its neighboring participants, including
Live Oak Hills Subdivision, Richland Water Supply Corporation, and Rochelle Water Supply
Corporation. As shown in Table 5.2.1-1, the 2010 projected annual water requirement (from

Table 2.4-1) for these four participants is 1.971 mgd, which is less than Lake Brady’s

1 Unpublished planning information, Texas Water Development Board, Austin, Texas, 1977.
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Table 5.2.1-1
Current and Projected Water Use for Lake Brady Regional System I
Projected Water
Water Use! Requirements
in 1990 in 2010

Participant (mgd) (mgd)
Brady 1.641 1.854

Live Oak Hills 0.008 0.011
Richland WSC 0.064 0.071
Rochelle WSC 0.032 0.035
TOTAL 1.745 1.971

'From Table 2.4-1

estimated yield.

Lake Brady Regional System I (Figure 5.2.1-1) would be comprised of an intake and
a 4 mgd water treatment plant to be located at Lake Brady, and a transmission system to
transport the treated water to the participating entities. The transmission system would
include a 14-inch transmission line from the water treatment plant to the City of Brady’s
elevated storage tank; a 2-inch line extending from Brady’s water distribution system to Live
Oak Hills Subdivision; a booster pump at Brady’s Pump Station No. 5 and a 4-inch line to
Richland WSC'’s standpipe located along FM 1121; and a 3-inch line from Richland’s water
distribution system to Rochelle WSC.

The estimated total project cost for Lake Brady Regional System I is $8,200,000, and
the estimated operation and maintenance cost is $0.63 per one thousand gallons of treated

water, If the project cost is financed at eight percent interest for 25 years, without
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capitalized interest, the annual debt service would be $768,000, which equates to $1.21 per
1,000 gallons of 1990 water use. With O&M, the total 1990 cost would be $1.84 per
thousand. By 2010, or when water requirements increase to 1.971 mgd, the total cost per

thousand gallons would reduce to $1.65.

5212 Lake Brady Regional System_II

Lake Brady could also be an alternative water supply source for the City of Melvin
and Millersview-Doole WSC. By adding these two entities with the entities in System I, the
total projected annual water requirements (from Table 2.4-1) would be 2.535 mgd (see
Table 5.2.1-2). The 2.76 mgd yield of Lake Brady is adequate to meet the projected water
requirements of these six entities.

The Lake Brady Regional System II (shown in Figure 5.2.1-2) would be comprised
of an intake and a 5 mgd water treatment plant at Lake Brady and a transmission system
to transport the treated water to each of the participating entities. The transmission system
would include the transmission lines from System I as well as 13 miles of a 12-inch
transmission line from the water treatment plant to Millersview-Doole’s Melvin Pump
Station and one mile of 4-inch line extending to the City of Melvin.

The estimated total project' cost for Lake Brady Regional System II is $12,700,000,
and the estimated operation and maintenance cost is $0.60 per one thousand gallons of
treated water. If the project cost is financed at eight percent interest for 25 years, without
capitalized interest, the annual debt service would be $1,190,000, which equates to $1.45 per
1,000 gallons of 1990 water use. With O&M, the total 1990 cost would be $2.05 per

thousand. By 2010, or when water requirements reach 2.535 mgd, the totals cost per
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Table 5.2.1-2 '
Current and Projected Water Use for Lake Brady Regional System 11
Projected
Water Use' Water Requirements
Participant in 1990 in 2010'

(mgd) (mgd)

Brady 1.641 1.854

Live Oak Hills 0.008 0.011
Richland WSC 0.064 0.071
Rochelle WSC 0.032 0.035
Millersview-Doole WSC 0.472 0.533
Melvin 0.028 0.031
TOTAL 2.245 2.535

'From Table 2.4-1

thousand gallons would reduce to $1.89.

522 O.H. Ivie

O.H. Ivie Reservoir, owned by the Colorado River Municipal Water District
(CRMWD), was completed in 1990. The reservoir is permitted for municipal and industrial
water use by customers of CRMWD. This potential source of water is included because of
its proximity to the area. Howéver, water for the participants of this study would have to
be obtained from CRMWD, and at the present time, arrangements have not been made to
discuss obtaining water from CRMWD for the study area. Based on discussions with
CRMWD, the price for raw water from the O.H. Ivie Resevoir would be $120/acre-foot (or

$0.37/1,000 gallons) on a take or pay basis.
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5221 O.H. Ivie System 1

Ivie Reservoir could be an alternative supply source for Millersview-Doole WSC. A
1.0 mgd water treatment plant would be constructed at O.H. Ivie Reservoir, and treated
water would be pumped via a 10-inch transmission line to Millersview-Doole WSC’s Salt
Gap storage tank and then distributed to its customers. The projected water requirements
for Millersview-Doole WSC are 0.533 mgd in 2010, and the system’s water use in 1990 was
estimated to be 0.472 mgd.

The estimated total project cost for Ivie System I (shown in Figure 5.2.2-1) is
$3,500,000, and the estimated operation and maintenance cost is $1.72 per thousand gallons
of treated water including the cost of raw water. If the project cost is financed at eight
percent interest for 25 years, without capitalized interest, the annual debt service would be
$328,000, which equates to $1.90 per 1,000 gallons of 1990 water use. With O&M and raw
water, the total 1990 cost per thousand gallons would be $3.62 per thousand gallons. In

2010, or at 0.533 mgd water use, the total cost would be $3.41 per 1,000 gallons.

5222 O.H. Ivie Regional System II

Ivie Regional System II would serve Millersview-Doole WSC, and the cities of Melvin
and Eden. The projected annual water requirement of this potential regional water supply
system is 0.892 mgd (see Table 5.2.2-2).

The system (shown in Figure 5.2.2-2) would be comprised of an intake and a 1.8 mgd
water treatment plant located at Ivie Reservoir and a transmission system to transport
treated water to the participating entities. The transmission system would include a 10-inch

transmission to the Salt Gap standpipe to serve Millerview-Doole WSC with an
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Table 5.2.2-2
Current and Projected Water Use for O.H. Ivie Regional System II
Projected
Water Use' Water Requirements
Participant in 1990 in 2010
(mgd) (mgd) |
Eden 0.247 0.328
Melvin ' 0.028 0.031
Millersview-Doole WSC 0.472 0.533
TOTAL 0.747 0.892
'From Table 2.4-1

interconnection to serve Melvin and a 10-inch transmission line to serve the City of Eden.

The estimated total project cost for the Ivie Regional System II is $8,000,000, with
an estimated operation and maintenance cost of $1.34 per 1,000 gallons of treated water,
including the cost of raw water. If the project cost is financed at eight percent interest for
25 years, without capitalized interest, the annual debt service would be $750,000, which
equates to $2.75 per 1,000 gallons of 1990 water use. With O&M and raw water costs, the
total 1990 cost would be $4.09 per thousand. By 2010, or when water requirements reach

0.824 mgd, the total cost per thousand would reduce to $3.70.

5223 O.H. Ivie System III
Ivie System III would serve only the City of Eden, which, as Table 5.2.2-2 shows, used
0.247 mgd in 1990 and has a 2010 projected water need of 0.328 mgd. The system to serve

the City of Eden (Figure 5.2.2-3) would be comprised of an intake and a 0.66 mgd water
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treatment plant at Ivie Reservoir and a 10-inch transmission line from the plant to the City
of Eden.

The estimated total project cost for Ivie System III is $4,600,000, with an estimated
operation and maintenance cost of $2.34 per one thousand gallons of treated water,
including the cost of raw water. If the project cost is financed at eight percent for 25 years,
without capitalized interest, the annual debt service would be $431,000, which equates to
$4.78 per 1,000 gallons of 1990 water use. With O&M and raw water cost, the total 1990
cost would be $7.12 per thousand. By 2010, or when the requirements reach 0.260 mgd, the

total cost per thousand gallons would reduce to $5.94.

5.2.3 Lake Brownwood

Lake Brownwood, completed in 1933, is owned by the Brown County Water Control
and Improvement District Number 1. Their water rights permit allows 16,800 acre-feet to
be used for municipal and industrial purposes and 50,590 acre-feet for irrigation. As is the
case with O.H. Ivie Reservoir, there have not been any discussions with Brown County
WCID #1, but Lake Brownwood does appear to be a potential water supply source for the
North San Saba Water Supply Corporation. Based on discussions with Brown County
WCID #1, the cost of raw water from Lake Brownwood would be $0.57/1,000 gallons. In
order to serve North San Saba WSC, raw water would have to be released from Lake
Brownwood into Pecan Bayou, and the water would subsequently be diverted for treatment
at or near the confluence of Pecan Bayou and the Colorado River.

North San Saba Water Supply Corporation is projected to need 0.116 mgd of water

in 2010 and its 1990 use was estimated to be 0.081 mgd.
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The estimated total project cost for this system would be $3,000,000 with a projected
operation and maintenance cost of $1.37 per 1,000 gallons, including raw water costs. If the
project cost is financed at eight percent interest for 25 years, without capitalized interest,
the annual debt service would be $281,000, which equates to $9.50 per 1,000 gallons of 1990
water use. With O&M and raw water costs, the total 1990 cost would be $10.87 per
thousand. By 2010, or when the water requirement reaches 0.116 mgd, the total cost per

thousand gallons would reduce to $7.59.

5.2.4 City of San Angelo

For the past 10 years, the City of San Angelo has been supplying Millersview-Doole
WSC an average of 27.4 acre-feet of water per year (0.025 mgd). This water is used
primarily in the western parts of the Corporation’s service area. San Angelo’s water supply
sources include Lake O.C. Fischer, Lake Twin Buttes, Lake Nasworthy, a well field in
Concho County, and it will soon be supplied from O. H. Ivie Reservoir. Based on a
preliminary analysis of their proj_ected annual requirements and the capacities of their water
supply sources, it appears the City of San Angelo may have water available to sell to the
participants of this study, but there have not been any discussions with San Angelo about
their interest in selling additional water to any of the participants.

Millersview-Doole WSC, which presently obtains water from San Angelo, has a
projected annual water requirement in 2010 of 0.533 mgd. Others that could possibly
receive service from San Angelo include Eden and Melvin, which have projected 2010
requirements of 0.328 mgd and 0.031 mgd, respectively. To determine how much it would

cost for San Angelo to serve these three participants with the 0.892 mgd they will need in
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2010, a detailed evaluation of existing pipelines, pump stations, storage tanks, and
connecting links would have to be made in order to determine the necessary modifications.
The evaluation of the systems and the necessary modifications is beyond the scope of this
study. However, it appears service from San Angelo may be a viable alternative, and

Millersview-Doole WSC, Eden, and Melvin should consider this as a future option.

5.2.5 San Saba Reservoir

The proposed San Saba Reservoir Project, located 14 miles west of San Saba on the
San Saba River, is a potential water supply source for the study area as well as the
surrounding areas. If it is built to its maximum capacity, the project would have a surface
area at the top of the flood control pool of 18,700 acres, would hold 901,000 acre-feet of
water, and would have a sediment pool of 26,000 acre-feet. The water supply pool would
have a surface area of 7,200 acres and a capacity of 280,000 acre-feet. The estimated firm
yield of the reservoir is 27,400 acre-feet of water per year (24.4 mgd). Projected 2010
annual water requirements for all the participants of this study are 3.0 mgd. Thus, the San
Saba Reservoir could serve as a water supply source for all of the entities of this study as
well as some neighboring entities.

Construction cost of the reservoir, including flood control storage, is estimated at
$144 million (1962 prices adjusted for inflation).> Cost estimates for a water supply project,
without flood control capacity, are not available, but based on splitting cost of the reservoir

pro-rata between flood control and water supply (based on water in each pool), the cost of

2Texas Basins Project," Volume I, page 87, Burcau of Reclamation, U.S. Department of the Interior,
Amarillo, Texas, February, 1965.
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a water supply project could be expected to be about $45 million. This would equate to
$0.47 per 1,000 gallons. In addition to the cost of the reservoir, a regional water system,
including water treatment, pumping, transmission, and storage facilities, would have to be
planned, constructed, and operated in order to supply the participants of this study with
water from this source. It is estimated that such a regional water supply would cost
$28,000,000 to construct and $0.92/1,000 gallons to operate and maintain. If the regional
water supply system project cost is financed at eight percent interest for 25 years, without
capitalized interest, the annual debt service would be $2,623,040, which equates to $2.79 per
1000 gallons of 1990 water use. With O&M, the total 1990 cost including raw water, would
be $4.18 per thousand. By 2010, or when the water requirement reaches 3.0 MGD, the total
cost per thousand gallons would reduce to $3.58.

As of the date of this study, the San Saba Reservoir project has received only
preliminary planning attention. Therefore, it can only be considered a potential water
supply for the distant future, ie., after the year 2010, since it usually takes more than 20
years to plan and develop such a project if there are no legal and environmental problems.
To begin the process, a local sponsor would need to obtain the necessary permits, arrange
financing, and build the project. Since planning of the San Saba Reservoir has not advanced
beyond the preliminary stages, it is not possible to provide additional information in this
study about the potential of this long range project as a future water supply for the

participants of this study.

5.2.6 Summary

For the participants of this study, five potential sources of surface water have been
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identified which could either replace or supplement their existing sources. For most
potential sources, a number of possible regional systems have been identified. Table 5.2.6-1

lists the potential sources and regional systems identified in this chapter.

5.3  Ground Water Sources

At the present time, the City of San Saba has the only potential source of ground
water that might be used to either replace or supplement the existing sources for the
participants of this study.

The City of San Saba has four wells that serve as its primary source of drinking
water. Based on the capacities of these wells and the projected annual requirement of the
City, excess capacity is available. However, the gross alpha and combined radium
concentrations exceed the present MCL of the TDH Drinking Water Standards, but not the
proposed MCL of the Radionuclide Rule. It should be pointed out that no information is
available on the concentration of radon for the City of San Saba’s well supply. Based on
the analysis from the participants of this study, the concentration of radon probably exceeds
the MCL for radon in the Radibnuclide Rule,

North San Saba WSC has arranged with the City of San Saba to obtain an emergency
water supply from the City and is presently constructing a pipeline to connect to San Saba’s
water distribution system. North San Saba WSC should consider obtaining enough water
from the City to meet their projected annual requirement, which is 0.116 mgd annually in
2010. However, in this study, there have not been any contacts with San Saba regarding
additional water supplies for North San Saba WSC, nor have the conveyance and storage
facilities been evaluated to determine if existing facilities and pumping capacities would be
adequate to implement such an option.
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Table 5.2.6-1
Projected Cost of Potential Surface Water Sources
and Regional Water Systems to Serve Study Participants
3 (cost per 1,000 gallons based on 21)10 water use) |
Lake Brady O.H. lIvie Reservoir City of
Lake San San Saba
Participants I IT I I | m Brownwood | Angelo | Reservoir
Brady 1.65 1.89 3.58
Live Oak Hills 1.65 1.89 3.58
Richland WSC 1.65 1.89 3.58
Rochelle WSC 1.65 1.89 3.58 {
Millersview-Doole 1.89 341 370 NA 3.58
WSC
Melvin 1.89 3.70 NA 3.58
Eden 3.70 5.94 NA 3.58
North San Saba WSC 71.59 3.58
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SECTION 6



6.0 SAFE DRINKING WATER ACT REQUIREMENTS
6.1 Introduction

The Safe Drinking Water Act (SDWA), originally signed into law on December 16,
1974, mandated the establishment of the first national regulations for drinking water that
were to apply to all public water systems in the United States. The U.S. Environmental
Protection Agency (EPA) was authorized to set regulations for drinking water, conduct
research and special studies as required, and administer the implementation of the act.
State governments, via their health departments or environmental agencies, were to assume
the major responsibility for implementation and enforcement of the requirements of the
SDWA in their individual states. The local public water systems were obligated by law to
assume the actual day-to-day responsibility of meeting the regulations.

To improve the SDWA, in particular the process for setting regulations, and to
initiate the protection of groundwater, Congress amended most of the 1974 act and added
six new sections in 1986. The SDWA Amendments of 1986, signed into law on June 19,
1986, mandated the establishment of a variety of new drinking water regulations with a very
specific timetable. The 1986 Amendments included several water quality related
regulations, as follows:

* Maximum contaminant level goals (MCLGs) and maximum contaminant

levels (MCLs) must be established for 83 contaminants listed in the Advanced
Notice of Proposed Rulemaking published March 4, 1982 and October 5,
1983. EPA was required to set MCLGs and MCLs for these 83 contaminants,

although up to seven substitutes were allowed.

* MCLGs and MCLs must be established for 25 contaminants selected from a
priority list to be prepared by EPA and updated every three years.

September, 1991 6-1



* For all public water systems utilizing surface water sources, EPA must
establish criteria requiring filtration of the water as a minimum treatment
technique.

* Disinfection of drinking water is required for all public water systems.

Specific time lines were specified in the Act for development of regulations to
implement the various requirements of the 1986 Amendments. In addition, EPA was to
establish regulations covering monitoring of additional unregulated contaminants, so data
could be developed on their occurrence and the health risks they present could be
evaluated.

The process for developing regulations was modified as follows:

1. The previously established recommended maximum contaminant levels
(RMCLs) were redefined as MCLGs. MCLGs are non-enforceable health-
based goals which must be set at a level so no known or anticipated adverse
effect on human health occurs. An adequate margin of safety must be allowed
without regard to cost.

2 EPA is to publish MCLGs and promulgate MCLs for each contaminant that,
in the judgement of EPA, may have an adverse health effect if it occurs or is
anticipated to occur in any public water system. The MCLG should be
proposed at the same time that the MCL for a contaminant is promulgated.

3. MCLs are enforceable standards. EPA is required to set the MCL for a
contaminant as close to the MCLG as feasible, using the best technology,
treatment techniques, and other available means. Cost is taken into
consideration.

4, For each contaminant, EPA is to establish the technology, treatment
technique, and other means feasible for metering the MCL, which is to be
referred to as the best available technology (BAT). Public water systems may
use any "appropriate technology," including BAT, that is acceptable to the
State and results in compliance with an MCL.

5. EPA can establish the use of a treatment technique in lieu of an MCL, if it
is determined that monitoring for the contaminant is not economically or
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technologically feasible.

The 1974 SDWA required water systems to notify their customers when drinking
water standards were violated. The 1986 Amendments directed EPA to revise the original
public notification requirements to provide for- different types and frequencies of notices
based on the type of violation. In addition, the new public notification requirements were
to take into account the seriousness of any potential adverse health effects. EPA is to
determine the mandatory language that must be used in each public notice for each
violation of each new regulatory phase.

With the 1986 Amendments, Congress also established a specific schedule for EPA
to follow in implementing the new regulations. However, the established development and
review process for proposed and final regulations to be promulgated by EPA is extensive
and involves public participation at several levels. Congress underestimated the time
needed to develop sound regulations, so most actions have exceeded the originally
established time schedule.

Congress established the general guidelines of the 1986 Amendments, and EPA,
utilizing these guidelines, has developed specific rules for the implementation of the
requirements. In this chapter, the specific regulations impacting the participants of this
study will be identified, as well as the anticipated schedule for implementation of the

regulations.

6.2  Volatile Organic Chemicals (VOCs) Rule

The final Volatile Organic Chemicals (VOC) Rule was originally published on July
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8, 1987, and on July 1, 1988, corrections were published to the rule. The VOC regulation

establishes MCLGs and MCLs for the eight VOCs listed in Table 6.2-1.

Table 6.2-1
MCLGs and MCLs for Volatile Organic Chemicals

MCLG MCL
Contaminant (mg/1) (mg/) |
Benzene 0.000 0.005
Carbon Tetrachloride 0.000 0.005
para-Dichlorobenzene 0.075 0.075
1,2-Dichloroethane 0.000 0.005
1,1-Dichloroethylene 0.007 0.007 Ll
1,1,1-Trichloroethane 0.200 0.20
Trichloroethylene 0.000 0.005
Vinyl Chloride 0.000 0.002

The major impact of this particular rule on the participants of this study will be the

monitoring requirements, which include the eight VOC:s listed above as well as 51 additional

contaminants. The initial monitoring requirement is one sample per quarter for one year

at each entry point to the distribution system, regardless of whether any VOCs are initially

detected. Composite samples of up to five sampling points are allowed. Compliance with

the MCLs is determined by a running annual average of quarterly samples for each sample

location. If the average is greater than the MCL, then the system is out of compliance.

The initial monitoring requirements were phased in based on the size of the

population served by the public water system. For systems with a service population greater

than 3,300, the initial sampling and analysis should have been completed by December,

September, 1991
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1989; and for systems with a service population of less than 3,300, the initial sampling and
analysis is to be completed by December, 1991. In Texas, the Texas Department of Health
(TDH) typically performs this analysis for public water systems as part of their routine
sampling program.

Repeat monitoring and sampling for all sources must take into account the previous
monitoring results and the vulnerability of the source. The vulnerability of each water
system is determined by the state, which bases its conclusion on several factors, including:
previous monitoring results; number of people served by the system; proximity of the system
to commercial or industrial use, disposal, or storage of VOCs; and level of protection given
to the water source, such as a watershed management or wellhead protection program. A
system is considered vulnerable for a period of three years after any positive sample of one
or more VOCGs. If no VOCs are detected and the source is determined to be nonvulnerable
to possible contamination, then the repeat monitoring frequency can be reduced to every
three years.

In addition to the monitoring requirements for the eight regulated VOCs, monitoring
requirements for 51 additional contaminants were also included. The contaminants to be

monitored can be placed into three general groups:

. Thirty-four compounds that must be monitored for all systems;

o Two compounds that must be monitored by systems whose water supply is
determined to be vulnerable to possible contamination; and

. Fifteen compounds that must be monitored by systems at the discretion of the
state.

The monitoring and sampling schedule for these 51 additional contaminants is the
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same as the schedule for VOCs. The initial monitoring requirements were phased in based
on the size of the population served by the public water system. For systems with a service
population greater than 3,300, the initial sampling and analysis should have been completed
by December, 1989; and for the systems with a service population of less than 3,300, the
initial sampling and analysis is to be completed by December, 1991. In Texas, TDH
typically performs this analysis for public water systems as part of their routine sampling
program. Repeat sampling and monitoring must be performed every five years.

Based on the analyses completed to date by TDH, no measurable concentration of
any of the eight regulated VOCs and recommended 51 additional contaminants has been
detected in the areas covered by this study. Therefore, the only impact of this Rule on the
participants of this study will be the increased cost of monitoring and analysis performed by

TDH.

6.3  Fluoride Rule

The Fluoride Rule was originally published on November 14, 1985, and finalized on
April 2, 1986, It established both the MCLG and MCL at 4.0 mg/1 to protect against
crippling skeletal fluorosis. The secondary maximum contaminant level (SMCL) was set at
2.0 mg/1 to protect against objectionable dental fluorosis, which is not considered an adverse
health effect by EPA. System compliance with the fluoride MCL is based on each sampling
point; in other words, if any sampling point is out of compliance, the entire system is
deemed to be out of compliance.

Public water systems utilizing groundwater must monitor for fluoride once every three
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years. TDH may reduce the monitoring requirements to once every 10 years if it determines
that the system is not likely to exceed the MCL. However, it is recommended that systems
practicing fluoridation monitor the fluoride level daily.

The general public notification requirements of non-compliance apply to this rule.
In addition, community water systems that exceed the SMCL, but not the MCL, are required
to give special notice annually using the mandatory language that informs the customer of
the significance of exceeding the SMCL.

Based on the analyses completed to date by TDH, the fluoride concentrations in all
of the water systems participating in this study are below the MCL with only Millersview-
Doole WSC exceeding the SMCL. Therefore, the only impact of this rule on the participants

of this study is the increased cost of monitoring and analysis performed by TDH.

6.4  Surface Water Treatment Rule

Known as the Surface Water Treatment Rule (SWTR), the regulations for filtration,
disinfection, turbidity, Giardia lamblia, viruses, Legionella, and heterotrophic bacteria were
proposed on November 27, 1987, and promulgated on June 29, 1989. The rule applies to
all public, community and noncommunity, water systems that use surface water sources or
ground water sources under the direct influence of surface water. This rule assumes that
all surface water sources and groundwater sources under the direct influence of surface
water can be potentially contaminated by Giardia lamblia and other protozoa, viruses, and
pathogenic bacteria.

This rule would only impact the participants of this study if TDH determines that the
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groundwater supply sources are under the direct influence of surface water. If such a
determination is made, then the affected entity would have to provide treatment of the

water source in accordance with this rule,

6.5  Total Coliform Rule

Total coliforms were included in the list of 83 contaminants that were to be regulated
in the SDWA 1986 Amendments. EPA developed a proposed rule for total coliform, which
was published on November 3, 1987. Additional regulatory options were published on May
6, 1988, and the final rule was promulgated on June 29, 1989. Beginning January 1, 1991,
all public water systems in the nation must comply with this rule.

In the final rule for total coliforms, the MCL for water systems analyzing at least 40
samples per month is that no more than 5.0 percent of the monthly samples may be positive
for total coliform. The MCL for water systems analyzing less than 40 samples per month
requires that no more than one sample per month may be positive for total coliform. The
frequency of monthly routine sampling is based on the population served by the water
system.

All public water systems must sample according to a written plan which includes a
map of the water distribution system showing the location of the sample sites. The plan is
subject to review and revision by TDH, which determines if the plan is adequate.

The biggest impact of the Total Coliform Rule on the participants of this study is the
repeat sample monitoring requirements. For each routine sample that tests positive for total

coliform, three or four repeat samples, depending on the number of monthly routine
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samples, must be collected and analyzed for total coliforms. At least one repeat sample
must be taken from the same location as the original positive sample. Two or three repeat
samples must be taken within five service connections of the original sample location, one
upstream, one downstream, and, if required, the other somewhere in between. The repeat
samples must be collected within 24 hours of the notification of the original results. The
repeat samples are required to determine whether the original positive sample is indicative
of contamination of the system, or of a nondistribution system problem. If there is a
nondistribution problem, then TDH can invalidate the sample for compliance calculation
purposes.

If total coliforms are detected in any repeat sample, the utility must collect another
set of repeat samples, using the same procedure as before, unless the MCL has been
violated and the utility has notified TDH. If there is a violation, TDH may reduce or
eliminate the repeat sampling requirement for the remainder of the month,

For compliance calculations, all positive total coliform samples count except for
samples that are invalidated by TDH. TDH can invalidate a sample, if:

o The laboratory performing the analysis acknowledges that improper sample

analysis caused the positive results;

. The contamination is a domestic or nondistribution system plumbing problem
if the repeat sample taken at the same tap was positive while the other repeat
samples taken nearby are negative; or

o TDH has substantial grounds to indicate that the positive result is because of
some circumstance or condition not related to the quality of drinking water

in the distribution system.

Whenever a total coliform positive sample is invalidated, TDH must provide written
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documentation that states the specific cause of the positive sample as well as the action that
has been or will be taken by the utility to correct the problem.

If a total coliform sample tests positive, whether routine or repeat, then a fecal
coliform or E. coli analysis must be performed on the positive sample to determine the
extent of the problem. If fecal coliform or E. coli is detected, then the utility must notify
TDH immediately.

Based on the population served by each participant’s water distribution system, if
more than one sample, whether routine or repeat, per month tests positive for total
coliform, then the utility is out of compliance with this rule. If a routine total coliform
positive sample tests positive for fecal coliform or E. coli, the repeat total coliform sample
tests positive, and the original sample is not invalidated, the utility is in violation of the
MCL also. Due to its severity, a violation of this rule is an acute violation, requiring public
notification with the appropriate mandated language via the TV and radio within 72 hours
and the newspaper within 14 days of the violation.

This rule could have a significant impact on the participants of this study. Since the
number of routine monthly bacteriological samples to be taken for the Total Coliform Rule
is the same as that required in the present Drinking Water Standards, there will no
immediate impact to the participants. However, if one sample is tested positive, the utility
must take the required repeat samples for testing. If a repeat sample tests positive and the
original sample is not invalidated, then public notification is required. Public notification

with the mandatory language will clearly have a negative impact on the utility.
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6.6 Lead and Copper Rule

On August 18, 1988, the original requirements to minimize lead and copper in
drinking water were proposed. EPA received many comments from the public, as well as
numerous congressional inquiries, on the proposed rule. The final rule was scheduled to
be proposed in December, 1990, but this deadline slipped due to comments on the proposed
rule. Finally, on May 6, 1991, the Lead and Copper Rule was proposed.

For water sampled at the customer’s tap, the proposed MCLG is 0 and 1.3 mg/1 for
lead and copper, respectively. In lieu of an MCL for these constituents, a treatment
technique has been specified. The action level triggers for initiating the treatment technique
requirements, will be a maximum concentration of 0.015 mg/1 for lead and 1.3 mg/] for
copper in 90% of the samples taken at the customer’s tap. The treatment technique for
lead includes: (1) optimal corrosion control treatment; (2) source water treatment; (3) public
education; and (4) lead service line replacement. The treatment technique for copper
includes: (1) optimal corrosion control treatment; and (2) source water treatment.

For medium-sized systems (3,300 to < 50,000 population), the schedule for
determining compliance with the Lead and Copper Rule begins with an initial sampling
period starting July, 1992. For the small-sized systems (< 3,300 population), the initial

monitoring period begins in July, 1993. Table 6.6-1 provides the general monitoring

requirements for the various stages of the Lead and Copper Rule.
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Table 6.6-1
Lead and Copper Monitoring

Monitoring Period

Parameters

Location

Frequency

Initial Monitoring

Lead and Copper

Targeted high risk
interior taps

Every six months

After Installation of
Corrosion Control

Lead and Copper

Targeted high risk
interior taps

Two consecutive six
month monitoring
periods

After State Specifies
Parameter Values for
Optimal Corrosion
Control

Lead and Copper

Targeted high risk
interior taps

Two consecutive six
month monitoring
periods

Reduced Monitoring

Once every year

After 1 Year of Lead and Copper | Targeted high risk

Compliance interior taps

After 3 Years of Lead and Copper | Targeted high risk | Once every three
Compliance interior taps years

If a small or medium-sized system exceeds the action levels as proposed, the system

must submit its recommendation for optimal corrosion control treatment to the Texas

Department of Health. TDH may approve the system’s recommendation, require the

installation of an alternative corrosion control treatment, or require the system to conduct

a corrosion control treatment study.

The corrosion control study will determine the

effectiveness of adjusting the pH and alkalinity as well as calcium concentration of the

treated water to reduce the acidity or increase the scale forming potential of the treated

water. In addition, the effectiveness of the addition of a corrosion inhibitor, such as sodium

hexametaphosphate, to minimize the concentration of lead and copper at the consumer’s tap

September, 1991
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will be determined. Table 6.6-2 provides the regulatory schedule for the Lead and Copper
Rule for medium-sized systems. The regulatory schedule for small-sized systems in general
follows the steps of the medium-sized systems, but it starts with initial monitoring beginning
July, 1993.

Based on the source water and at-the-tap monitoring, TDH may determine that
source water treatment is necessary to minimize the levels of lead and copper at the tap.
For any size system, the system would have 36 months to install the necessary treatment at
the water source and conduct follow-up monitoring. This time period may be extended for
medium and small systems because: (1) these systems comprise the vast majority of public
water systems and the large number of evaluations that must be completed by TDH will
place a strain on their resources; and (2) greater TDH involvement and technical assistance
will be required to assist medium and small systems in determining optimum corrosion
control treatment.

In addition to lead and copper, systems that exceed the action levels will be required
to monitor the general quality of the treated water as it enters the representative taps
throughout the distribution system. Table 6.6-3 provides the general monitoring
requirements for determining compliance with the Lead and Copper Rule based on the
water quality parameters specified.

In Appendix C, a copy of the EPA Fact Sheet on the Lead and Copper Rule is

included to provide more detailed information.
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Table 6.6-2

Lead and Copper Rule
Regulatory Schedule for Medium-Size Systems
(3,300 to 50,000 people)

With Corrosion Study Date No Corrosion Control Study
Lead & Copper Rule May 6, 1991 Lead & Copper Rule
Promulgated Promulgated
Begin monitoring July, 1992 Begin monitoring

Treatment Technique
requirements take effect

State requires system to conduct
study

Complete study & submit to
State

State designates optimal
corrosion control treatment

Complete installation of
corrosion control treatment

Complete follow-up monitoring

State designates water quality
parameters

November, 1992

January, 1994

July, 1994

July, 1995

January, 1996
July, 1996
July, 1997

January, 1998

January, 1999

July, 1999

Treatment Technique
requirements take effect

State designates optimal
corrosion control treatment

Complete installation of
corrosion control treatment
Complete follow-up monitoring

State designates water quality
parameters

6.7

EPA proposed regulations for 30 synthetic organic chemicals (SOCs) and eight

|

Synthetic Organic and Inorganic Chemical Rule (Phase II)

inorganic chemicals (IOCs) on May 22, 1989. EPA issued the final rule on January 30,
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6-14




LEAD AND COPPER RULE

Table 6.6-3
Lead and Copper Rule
Water Quality Parameter Monitoring

Monitoring Period

Parameters

Location

Frequency

Initial Monitoring

pH, alkalinity,
orthophosphate or
silica, calcium,
conductivity, and

Taps and entry
point(s) to
distribution system

Every six months

temperature
After Installation of pH, alkalinity, Taps Every six months
Corrosion Control orthophosphate or

silica, and calcium

pH, alkalinity
dosage rate and
concentration, and
inhibitor dosage
rate and residual

Entry point(s) to
distribution system

Biweekly

After State Specifies
Parameter Values for
Optimal Corrosion
Control

pH, alkalinity,
orthophosphate or
silica, and calcium

Taps

Every six months

pH, alkalinity
dosage rate and
concentration, and
inhibitor dosage
rate and residual

Entry point(s) to
distribution system

Biweekly

Reduced Monitoring

pH, alkalinity,
orthophosphate or
silica, and calcium

Taps

Every six months

pH, alkalinity
dosage rate and
concentration, and
inhibitor dosage
rate and residual

Entry point(s) to
distribution system

Biweekly

September, 1991
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1991; it will become effective 18 months thereafter. The proposed MCLGs and MCLs for

the 30 SOCs and eight IOCs are given in Table 6.7-1.

The proposed monitoring requirements for groundwater sources are as follows:

1. For the 10Cs:

a.

b.
c.

The monitoring schedule for barium, cadmium, chromium, mercury,
and selenium will be every three years.

The monitoring schedule for asbestos is once every nine years.

The initial monitoring for nitrate-nitrite will be annually, unless the
concentrations measured are greater than 50 percent of the MCL, for
which quarterly sampling is required.

2. For the SOCs:

a.
b.

The initial monitoring for all SOCs is quarterly for one year.

Repeat monitoring frequency is dependent on the occurrence of one
of the listed contaminants. If after one round of sampling, no
contaminants are detected, then the monitoring frequency will be
reduced to two samples for medium-sized systems and one sample for
small-sized systems every three years.

3. For the pesticides, herbicides, and PCBs:

a.
b.

The initial monitoring for all SOCs is quarterly for one year.

Repeat monitoring frequency is dependent on the occurrence of one
of the listed contaminants. If after one round of sampling, no
contaminants are detected, then the monitoring frequency will be
reduced to two samples for medium-sized systems and one sample for
small-sized systems every three years.

4, For the Volatile Organic Chemicals (VOCs):

a.

b.

September, 1991

For the initial monitoring period, quarterly samples are required for
one year.

A vulnerability assessment is required to determine the repeat
sampling frequency. If the supply source is determined to be
nonvulnerable, then monitoring is not required.

If the supply source is determined to be vulnerable, then the initial
monitoring is quarterly for the first year. If any of the VOCs are
detected, then the repeat monitoring frequency continues on a
quarterly basis. If none are detected, then four quarterly samples are
required to be taken every three years for systems with more than 500
connections and every five years for systems with less than 500
connections.
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Table 6.7-1

Contaminants, MCLGs, and MCLs Proposed in the SOC and 1QOC Rule (Phase II

MCLG MCL
| Contaminant (mg/l) (mg/1)
IIXS ZSTSSS 7 million fibers/] 7 million fibers/1
Barium 2 25
Cadmium 0.005 0.005
Chromium 0.1 0.1
Mercur?r 0.002 0.002
Nitrate® (as Nitrogen) 10 10
Nitrite! (as Nitrogen) 1 1
Selenium 0.05 0.05
Volatile organics (solvents
ciﬁtl,g-%i%hloroe(thylene ‘ 0.07 0.07
1,2-Dichloropropane 0 0.005
Ethylbenzene 0.7 0.7
Monochlorobenzene 0.1 0.1
o-Dichlorobenzene 0.6 0.6
Styrene 0.1 0.005
Tetrachoroethylene 0 0.005
Toluene 1 1
trans-1,2-Dichloroethylene 0.1 0.1
Xylene 10 10 i
P%t;%ﬁgs? herbicides, PCBs 0 0.002
Aldicarb 0.003 0.003
Aldicarb sulfone 0.003 0.003
Aldicarb sulfoxide 0.003 0.003
Atrazine 0.003 0.003
Carbofuran 0.04 0.04
Chloradane 0 0.002
Dibromochloropropane (DBCP) 0 0.0002
2,4-D 0.07 0.07
Ethylene dibromide (EDB) 0 0.0005
Heptachlor 0 0.0004
Heptachlor epoxide 0 0.0002
Lindane 0.0002 0.0002
Methoxychlor 0.04 0.04
PCBs 0 0.0005
Pentachlorophenol 0.001 0.001
Toxaphene 0 0.003
2,4,5-TP (Silvex) 0.05 0.05
Wxg;lg‘rr&z&mem Chemicals 0 Treatment Technique®
Epichlorohydrin 0 Treatment Technigue®

September, 1991

! Total nitrate plus nitrate MCLG and MCL = 10 mg/1 (as Nitrogixal}.
* Treatment technique requirement limits the amount of the chemi g ‘

6-17

used to treat drinking water.



5. For the water treatment chemicals, monitoring is not required since the MCL
is a treatment technique which limits the use of the chemicals that could
possibly contain these contaminants.

Compliance with the MCL for each of the contaminants is based on the annual
running average for each sample point for systems monitoring on a quarterly (or more
frequently) basis. For systems monitoring annually or less frequently, compliance is based
on a single sample. For nitrate and nitrite, if the first sample exceeds the MCL, another
sample must be taken within 24 hours. Compliance for nitrate and nitrite is based on the
average of these two samples.

Based on the analyses completed to date by TDH, the concentrations of these
contaminants in all of the water systems participating in this study are below the MCL.
Therefore, the only impact of this rule on the study participants will be the increased cost

of monitoring and analysis performed by TDH.

68 SOCs AND IOCs RULE (Phase V)

The Phase V rule will set regulations for 24 of the last 25 contaminants of the 83
mandated for regulation by the SDWA 1986 Amendments. The original final statutory
deadline was June 19, 1989, but the rule was not published until July 25, 1990, and the final
rule is not expected to be promulgated until March, 1992. The tentative MCLGs and MCLs
for the 18 SOCs and six IOCs are shown in Table 6.8-1.

Compliance requirements will parallel the Phase I SOC-IOC Rule. The unique
aspect of the Phase V rule is the lack of data on the occurrence of most of the contaminants

of this rule. However, EPA is required by the SDWA 1986 Amendments to regulate these
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Table 6.8-1
Tentative Contaminants, MCLGs, and MCLs
to be Proposed in the SOCs and 10Cs Rule (Phase V)

MCLG MCL
Contaminant (mg/1) (mg/1)
Synthetic Organic Chemicals
Dalapon 0.2 0.2
Di(2-ethyl hexyl)adipate 0.5 0.5
Di(2-ethyl hexyl)phthalate 0.00 0.004
Dichloromethane 0.00 0.005
Dinoseb 0.007 0.007
Diquat 0.02 0.02
Endothall 0.1 0.1
Endrin 0.002 0.002
Glyphosate 0.7 0.7
Hexachlorobenzene 0.00 0.001
Hexachlorocyclopentadiene 0.05 0.05
Oxamyl (vydate) 0.2 0.2
PAHs (Benzo(a)pyrene)’ 0.00 0.0002
Picloram 0.5 0.5
Simazine 0.001 0.001
1,2,4-Trichlorobenzene 0.009 0.009
1,1,2-Trichloroethane 0.003 0.005
2,3,7,8-TCDD (Dioxin) 0.00 5x10%
Inorganic Chemicals
Antimony 0.03 0.005
Beryllium 0.00 0.001
Cyanide 0.2 0.2
Nickel 0.1 0.1
Sulfate 400 400
Thallium 0.0005 0.001
*EPA is considering establishing MCLGs and MCLs for six additional PAHs classified as human
carcinogens: ben;l([:lSanthracenc, benzo(b)fluoranthene, benzo(k-fluoranthene, chrysene,
dibenz(a,h)anthracene, and indenopyrene.
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contaminants, regardless of their occurrence, so monitoring requirements will most likely be
set at some minimum frequency.

It should be noted that many of the organic contaminants listed in the Phase V Rule
are included as additional contaminants for monitoring under the VOC Rule (Phase I) and
the SOC-IOC Rule (Phase II).

Based on the analyses completed to date by TDH, the concentrations of these
contaminants in all of the water systems participating in this study are below the proposed
MCL. Therefore, the only impact of this rule on the participants of this study will be the

increased cost of monitoring and analysis performed by TDH.

6.9 Radionuclide Rule (Phase III)

The proposed Phase III regulation will develop MCLGs and MCLs for the
radionuclides found in drinking water. A proposed rule was scheduled to be published in
September, 1990, but due to delays, it was not proposed until June 17, 1991.

The rule sets the following MCLGs and MCLs for radon-222, radium-226, radium-

228, uranium, and gross alpha (adjusted) and beta particle emitters.

MCLG MCL
Radon Zero 300 pCi/1
Radium-226 Zero 20 pCi/1
Radium-228 Zero 20 pCi/l1
Uranium Zero 30 pCi/1
Gross Alpha (adjusted) Zero 15 pCi/1
Gross Beta Zero 4 mrem ede/yr

Based on the analyses completed to date by TDH, the concentration of radon in all

of the water systems participating in this study is above the proposed MCL, while the
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concentration of radium-266 is below the proposed MCL. The only study participants who
have drinking water with a concentration of radium-228 that exceeds the proposed MCL are
Millersview-Doole Water Supply Corporation, North San Saba Water Supply Corporation,
and Richland Water Supply Corporation - Brady System.

This rule will have a major impact on the participants of this study. Depending on
what the final MCL is established for the radionuclides, every system could possibly be in
violation of at least one MCL. Therefore, each system will probably have to provide some
form of treatment to reduce the concentration levels of the contaminants to meet the
SDWA 1986 Amendments. The treatment could be as simple as providing aeration to
remove radon or as complex as installing reverse osmosis or ion exchange to remove radium,
or obtaining water from a new water supply source.

In Appendix D, a copy of the EPA Fact Sheet on the Radionuclide Rule is included

to provide more detailed information.

6.10 Disinfection/Disinfection By-Products Rule (Phase VIa)

The SDWA 1986 Amendments require EPA to regulate 25 additional contaminants
beyond the original 83, every three years beginning in 1991. Contaminants to be regulated
under the Disinfection/Disinfection By-Products (D/DBP) Rule will satisfy a major portion
of this regulatory requirement. The remainder of the required 25 contaminants will be
regulated in a separate rule to be known as Phase VIb, EPA activity began on this rule in
the spring of 1989, when EPA developed a strawman proposal outlining its initial reasoning
on the rule. The D/DBP Rule is expected to be proposed in June, 1993 and the final

rulemaking completed in June, 1995.
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The major thrust of the D/DBP Rule will be monitoring requirements and MCLs
designed to reduce human exposure to disinfectants and their by-products. This will be
done by changing water treatment practices.

The D/DBP Rule will probably be the most complex rule developed by EPA because
of its interface with other rules and requirements of the amendments. For instance, the
SWTR will require that a water system meet certain minimum CT values (disinfection),
turbidity requirements, and residual disinfectants in the distribution system. The proposed
Lead and Copper Rule may require some communities to increase the pH of the treated
water to protect the piping and household plumbing, but this higher pH promotes
trihalomethane (THM) formation, which is a disinfectant by-product. In order to meet the
minimum disinfection requirements of SWTR for free chlorine, higher CT values are
required at higher pH values. Therefore, water utilities will be required to meet the
mandatory disinfection requirements and the Lead and Copper Rule and, at the same time,
meet the restrictions placed on disinfectant application by the D/DBP Rule.

The impact of this rule on the study participants cannot yet be determined, but it will
probably be minimal, as long as the primary water source is groundwater. The greatest
impact will be the increased costs for the additional sampling and monitoring, which will

probably be done by TDH.

6.11 Groundwater Disinfection
The SDWA 1986 Amendments require EPA to set mandatory disinfection
requirements for all public water systems, while disinfection of surface water sources is

regulated by the SWTR. It was originally anticipated that groundwater disinfection would
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be covered with the D/DBP Rule. The schedule for the promulgation of this rule has yet
to be determined.
Although the Groundwater Disinfection Rule has not yet been published, numerous

publications have indicated what the rule might contain. The rule is expected to set a level

of disinfection, which will probably be similar to the SWTR, with a minimum CT value to

be maintained in order to provide the necessary inactivation of viruses. Continuous
monitoring of the disinfectant residual entering the distribution system will probably be
required for systems serving more than 3,300 people, and a single grab sample will be
required for systems with less than 3,300 people. A minimum residual disinfectant level in
the distribution system must be found in 95 percent of the distribution system samples.
Disinfection of all public water systems has been required in Texas since the
development of the Rules and Regulations for Public Water Systems. Therefore, the impact
of this rule on the participants of this study will probably be minimal. Its greatest impact
will be the continuous monitoring of the disinfectant residual entering the distribution

system.
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SECTION 7



7.0 CONCLUSIONS AND RECOMMENDATIONS

7.1  Conclusions

1 The population for each of the study participants is projected to increase slightly by
the year 2010. The projected annual growth rates range from 0.3% to 1.6%. In
addition, the annual water requirements, taking conservation into consideration, will

also increase slightly by the year 2010.

2 The existing water systems for all of the participants meet or exceed the minimum
requirements of the Texas Department of Health, except for the high concentrations
of Combined Radium-226 and Radium-228 and Gross Alpha in the supply sources.
In addition, the iron and manganese concentrations in the water for a number of the
participants exceed the recommended MCL. To alleviate any problems with iron and

manganese, a sequestering agent is injected into the water.

3. Various methods to reduce the concentrations of radium and radon were identified
and evaluated. Based on this evaluation, the sodium cation exchange treatment
process appears to be the most practical method to reduce the concentration of
radium. A number of other treatment processes, although they are either untested
and new or very expensive, appear to be potential methods that should be considered

when the participants decide to reduce the high levels of radium.

4. The potential alternate water supply sources and associated regional water supply

systems were identified and evaluated. Based on this evaluation, the cost of
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constructing any of the regional water supply systems to make use of alternate water
sources was much higher than the cost of constructing the most practical treatment

method to reduce the concentration of radium in existing water supply sources.

5. The existing and future requirements of the 1986 Amendments to the Safe Drinking
Water Act were reviewed. Based on this review, the greatest primary impact of the
new rules and regulations will be the cost to meet the Radionuclide Rule. A
secondary impact will be the increase in annual assessment charged by the Texas
Department of Health to cover the increased testing requirements. The
Radionuclide Rule will establish the MCL for radium-226, radium-228, radon,
uranium, gross alpha (adjusted), and gross beta. The proposed MCL for radium-226
and radium-228 will be 20 pCi/l each, and for radon, it will be 300 pCi/l. If the
MCLs are established at these levels in the final Rule, then only Millersview-Doole
Water Supply Corporation, Richland Water Supply Corporation, and North San Saba
Water Supply Corporation will need to provide some form of treatment to reduce the
concentration of radium below the new regulatory level. If the MCL for radon is
established at 300 pCi/], all of the participants will be required to treat their water

supplies to reduce the concentration of radon below the new regulatory level.
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72 Recommendations

1. It is recommended that the participants of this study request that the bilateral
agreement between the Texas Department of Health (TDH) and the participants be
stayed until the MCLs for Radium-226, Radium-228, Radon, Gross Alpha (adjusted),
and Gross Beta are promulgated in the Radionuclide Rule, and until rules and
procedures are established by TDH for disposal of naturally occurring radioactive

wastes (NORM) that have been removed from water supplies.

2. After promulgation of the Radionuclide Rule and the regulations for disposal of
NORM, the participants should verify the least expensive method for meeting the
MCLs. It appears the participants should plan to have the treatment systems in place

within five to six years.

3. The costs of the options to remove the radium by treatment and of alternate water
supply sources are shown in Table 7.2-1. Based on the costs shown, all of the study
participants should construct the recommended treatment option, which is the sodium

cation exchange process, to remove the radium from the water.
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Table 7.2-1

Total Project Cost Summary

Treatment Options

Cost ($/1,000 gallons)

Sodium Cation Exchange
Lime-Soda Ash Softening
Reverse Osmosis

Point of Use

Alternate Supply Options

Lake Brady Regional System I
Lake Brady Regional System II
O.H. Ivie Regional System I
O.H. Ivie Regional System II
O.H. Ivie Regional System III
Lake Brownwood

San Saba Reservoir

$0.55
2.10
2.36
2.61

1.65
1.89
341
3.70
5.94
7.59
3.58

September, 1991
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APPENDIX A

The Heart of Texas Water Conservation and
Drought Contingency Plan



THE HEART OF TEXAS
WATER CONSERVATION
AND
DROUGHT CONTINGENCY PLAN



INTRODUCTION

The Hickory Underground Water Conservation District No. 1
{(District) is the contractor on a municipal regional water supply
study to investigate means to reduce radiation 1levels in area
municipal water supplies. The study was funded Jjointly by the
Texas Water Development Board and the eight (8) participating water
suppliers: the City of Brady, the City of Eden, Rochelle
community, Melvin community, Millersview-Doole Water Supply
Corporation, Richland Water Supply Corporation, North San Saba
Water Supply Corporation and Live Oak Hills -~ a subdivision. While
the District is the principal administrator of the grant, it has no
direct regulatory authority over the participants other than rules
and regulations promulgated by the District concerning the use of
water from the Hickory aquifer as put forth in Chapter 52 of the
Texas Water Code.

The area served by the participating water suppliers is in
eastern Tom Green, Concho, McCulloch and San Saba Counties.
Service is provided in a 100 mile line east to west from San Saba
to just east of San Angelo and in a 25 mile line north and south
from the northern edge of McCulloch county to just south of Brady.

Between 1950 and 1980 the area experienced a population loss
of nearly 30%. Projections by the Texas Water Development Board to
the year 2010 would indicate a stabilization and even a slight
growth (.5% - 3%) for the area. Population coupled with projected
water use does not show significant increase. Since all entities
are dependent on groundwater, it would appear the main concern for
all these entities is the continued availability of a dependable
groundwater source rather that acquisition of new supplies/sources.
Consequently, any Water Conservation and Drought Contingency Plan
should reflect these circumstances.

It is the goal of this document to set forth a plan that will
include reasonable guidelines that will provide for long-term
efficient water use. Even though the size of the participants vary
by a factor of 100, there are essentially two (2) types of systems.
One is a "“loop" system in which water is pumped from wells and
distributed to customers and then the waste water is returned to a
central waste water treatment plant for final treatment. Brady and
Eden are the only entities that have this characteristic. A
Conservation and Drought Contingency Plan has been approved for
Brady and will be used as a model. The other type of system is a
"one way" in which the water is pumped from a well(s) to customers
and then disposed at the point of use in a septic system.



2
SYSTEM ANALYSIS, POPULATION AND WATER REQUIREMENTS
Table 1 provides a summary of each systems wells, capacity and
well depth. The City of Brady and Brady Lake are shown separately

because they are totally independent. Appendix Al-9 shows the
service area for each of the entities.

TABLE 1

System Summary by Entity

ENTITY WELL # CAPACITY (GPM) DEPTH (FEET
City of Brady 1 * 2114
City of Brady 2 * 2100
City of Brady 3 950 2082
City of Brady 4 550 2127
City of Brady 5 1,000 2092
City of Brady 7 1,000 2250
Brady Lake 6 70 2225
Brady Lake 8 390 2460
Eden 1 200 42
Eden 2 400 4160
Eden 3 150 35
Eden 4 150 35
Eden 5 75 35
Eden 6 350 4200
Live Oak Hills 1 45 1230
Melvin 1 19S 2500
Melvin 2 170 2480
Millersview-Doocle 1 * 2700
Millersview=Doole 2 420 3207
Millersview-Doole 3 410 3305
North San Saba 1 237 3480
Richland 2 310 2640
Rochelle 1 45 2350
Rochelle 2 20%* 300
Rochelle 3 20* 300

*Not in normal use - Standby only

As previously mentioned, the area has experienced an out
migration in population since 1950. Table 2 shows historic
population data for 1950 and 1980 for Concho, McCulloch and San
Saba Counties as well as Texas Water Development Board projections
for the Area for 1990, 2000, 2010. While there is a modest growth
projected for the area by 2010, most of the growth should occur in
McCulloch county. It is of interest to note the preliminary 1990
census data indicated exactly the same as 1980 (9735). This should
easily lead to the conclusion that the population projections are
optimistic.



TABLE 2
Historic and Projected County Populations

County 1950 1980 1990 2000 2010
low high low high low high
CONCHO 5078 2915 2586 2587 2487 2612 2343 2487
MCCULLOCH | 11701 8735 9055 2084 9299 9334 9555 9617
SAN SABA 8666 6204 5510 5605 5733 5979 6047 6363
TOTAL 25,445 | 17,854 | 17,161 | 17,276 | 17,519 | 17,925 | 17,945 | 18,467

Source: Texas Water Development Board

This limited growth is also reflected in projected requirements
for each entity. The largest projected water increase is that of
Brady (11.8%) to the year 2010. However, that figure is in jeopardy
with the loss of G. Rollie White Downs horse racing facility and
Loadcraft Trailer Manufacturing (the largest employer is the City).
Table 3 shows projected water requirements incorporating potential
water conservation measures:

TABLE 23
Projected Annual Water Requirements
2000 2010
Participant ' 1950 Low High Low High

------ million gallons per day---————-==

Brady 1.710 1.682 1.968 1.656 1.934
Eden 0.200 0.210 0.250 0.220 0.260
Live Oak Hills Sub. 0.0C8 0.008 0.009 0.008 ¢.011
Melvin 0.028 0.026 0.032 0.025 0.031
Millersview-Doole WSC 0.472 0.462 ¢.541 0.450 0.533
North San Saba WSC 0.081 0.078 0.093 0.077 0.091
Richland WSC (Brady) .| 0.064 0.062 0.072 0.060 0.071
Rochelle WSC 0.032 0.031 ¢.035 0.030 0.035

The nature of use among the six (6) one way systems: Live Oak
Hills, Melvin, Millersview-Doole, North San Saba, Richland and
Rochelle is primarily domestic. Several customers additionally water
stock with the water supplied by the entity. All of the customers
are metered. In fact, some customers are metered and paying a
monthly minimum to be hooked up to the system even though they are
currently, not receiving water. This type of customer is either
relying on a previously dug well of gquestionable longevity or
reserving a place for a future home site. Any substantial rate
rchange would cause these individuals to discontinue service which
could have two (2) negative results. First, it would create
additional financial hardships on the remaining customers. Secondly,
they (the individuals leaving the system) would resort to drinking
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water that is not periodically checked for quality.

Brady and Eden are the only loop systems. Again the majority of
water use is household use.- However, both entities have
industrial/commercial customers that represent a larger-than-average
use. Examples for each are: Brady - Roddie Wool Scouring, Brady
Independent School District, nursing homes and motels. For Eden
large users are: The Eden Detention Center, Eden Independent School
District and a motel. All Customers are metered.
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PUBLIC INVOLVEMENT

Public access-‘to inveolvement varies substantially among the
entities. On one end Live Oak Hills is a private owned subdivision
and does not have regular public meeting. However, due to the
small size of the development; it is more likely that operators and
customers can have a personal dialogue regarding needs and policies
of the system. At the other end is the City of Brady. Brady has
regularly scheduled council meetings on the first and third Tuesday
of the month. These meetings are subject to open meetings laws;
therefore, interested parties have the opportunity to address the
council and make their views known. In all cases the circumstances
are such that there is a two way communication between the supplier
and the customer.

WATER CONSERVATION PLAN
I. EDUCATION AND INFORMATION
Due to the difference in size, projected growth and nature of

customer different techniques should be implemented to provide
users with information to improve water use efficiency.

New_Customer will receive a Texas Water Development Board
publication entitled "A Homeowner's Guide To Water Use And Water
Conservation". (Appendix B) Brady and Eden may additicnally
choose to provide a water conservation kit to new customers that
includes flow restrictors for shower heads, displacement bags for
the water closet and dye tablets for leak detection. If possible
low-flow shower heads should be furnished.

Reqular Activities should be published in the local paper
periodically by Brady and Eden.

Additionally Information will be available to interested
parties from the Texas Water Development Board as evidenced in a
brochure entitled "Water Conservation - Literature and Material"
(Appendix C)}. This brochure will be on display at the business
office for each entity.

Water Conservation literature can be obtained from:
Texas Water Development Board
P.0O. box 13231, Capitol Station
Austin, Texas 78711-3231



II. PLUMBING CODES

‘'Only Brady and Eden have the authority to implement water
codes. A copy of the plumbing code adopted as part of Brady's
Conservation and Drought Contingency Plan is included as a
reference (Appendix D). As little population increase is projected

for this area, this activity would yield little return for the
remaining entities.

ITI. RETROFIT PROGRAMS

Access to water conservation literature and water conservation
kits should help customers understand the benefits of retrofit with
water conservation devices. Recently, Brady implemented a sewer
charge based on wuse which should additionally encourage
conservation. However, with little increase in population anad
water use projected, marginal return would likely be realized from
this activity for most entities.

IV. WATER RATE STRUCTURES

There is quite a variation in water rates for the entities.
Table 4 show the water rates for the eight (8) participants.

TABLE 4
WATER RATES
ENTITY RATE
BRADY 1st 1000 gallons $ 4.09
over 1000 gallons § .80/1000
EDEN 1st 2000 gallons $14.00
over 2000 gallons § .80/1000
LIVE OAK HILLS 1st 3000 gallons $16.00
over 3000 gallons $1.50/1000
MELVIN 1st 2000 gallons $ 2.54

over 2000 gallons $1.27/1000

MILLERSVIEW-DOOLE lst 2000 gallons §22.50
2000 - 7000 gallons $2.50/1000
over 7000 gallons $3.00/1000

NORTH SAN SABA 1st 4000 gallons $20.00

4000-15000 gallons $1.00/1000
15000-30000 gallons $1.50/1000
30000~-45000 gallons $2.00/1000
45000-60Q00 gallons $3.00/1000
over 60000 galleons §$5.00/1000

RICHLAND 1st 1000 gallons $25.00
1000-4000 gallons $3.00/1000
over 4000 gallons $1.75/1000

ROCHELLE 1st 1000 gallons $10.00
over 1000 gallons #2.00/1000
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Considering current and projected population, econonic
conditions and water need; the water rate is probably the most
effective tool for encouraging water conservation. The best way to
promote conservation is a step rate to increase with water usage
such as Millersview-Doole or North San Saba. Another acceptable
rate structure is the flat rate in which there is a minimum charge
for a certain amount of water. Any additional water has a flat
rate. Examples of this type are Brady, Eden, Live Oak Hills,
Melvin and Rochelle.

V. METERING
All of the customers receiving water from the entities are

metered. Periodic meter testing should be completed according to
the following schedule:

Production Meters - Once a Year
Meters > 1" - Once a Year
Meters < 1% - Once Every 10 Years

VI. WATER CONSERVATION LANDSCAPING

Oonly the Cities of Brady and Eden have the authority to pass
regulations regarding efficient use of water through landscaping.
The City of Brady indicated in its Water Conservation Plan it
intends to sponsor a xeriscape demonstration project. For the
remaining entities, water conservation landscaping can be promoted
by sharing literature available at their business office.

VII. LEAK DETECTION AND REPAIR

Finding and repairing water leaks is a high priority for all
entities involved. Leak detection programs include the following
components:

1. Audits during billing for those accounts that have had
previous meter service.

2. Constant monitoring of the system for 1leaks.

3. Visual inspection by employees for situations suggesting
a leak.

4. Trained personnel to repair leaks.

5. Information or assistance from the Texas Water Development
Board on leak detection.

VIII. RECYCLING AND REUSE

Only Brady and Eden have opportunities for recycling; the
other systems do not receive any return flow. Brady has indicated
in its Conservation Plan it will visit with certain large users
about conversion to recycled water.
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IX. IMPLEMENTATION AND ENFORCEMENT

The utilization of an effective water rate structure is the
best means of implementing water conservation by the entities
involved. Brady and Eden have the authority to pass plumbing
codes. Brady has already adopted a code requiring installation of
toilets that use no more than 3.5 gallons per flush.

X. CONSERVATION PLAN ANNUAL REPORT

The District has no legal authority over the entities involved
likewise, when the Regional study is concluded in April 1991, the
group will be dissolved from any formal association. Therefore, it
will be difficult to file an Annual Report to the Executive
Administrator. However, a copy of the Heart of Texas Water
Conservation and Drought Contingency Plan will be retained by the
District for future reference.

XI. WHOLESALE CUSTOMERS

None of the entities have wholesale customers.
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DROUGHT CONTINGENCY PLAN
TRIGGER CONDITIONS
A. LEVEL I -~ Public water suppliers may declare LEVEL I

drought conditions and initiate appropriate contingency
plans for existing conditions that include the following:

1. Average daily water consumption reads 90% of system
design capacity; and/or
2. Peak period water demand reaches 90% of system

design capacity; and
3. Recent and projected climatic conditions are
thought to be conducive to excessive eater demands.
B. LEVEL II - Public water suppliers may declare and
initiate LEVEL II drought contingency plans for existing
conditions that include the following:

1. Water system components including production,
storage, pumping and distribution are operating
outside of normal design limits due to component
failure or diminished capacity; and/or

2. Average daily water consumption approaches 100% of
design capacity; and/or

3. Peak period water demand approaches 100% of design
capacity; and/or

4. Diminished service to any consumer results in
service levels outside of regulatory limits; and/or

5. An imminent threat to water systems compeonents

exists to due potential failure.
DROUGHT CONTINGENCY MEASURES

Because of the different nature of the two types of systems
involves, a variety of strategies will be necessitated.

A. STEP I - all managers should restrict the use of water
for outdoor sprinkling, watering of lawns, shrubs,
driveways and automobiles. Brady and Eden can

additionally restrict water to certain areas by days and

to certain houses. This situation will be in effect

until the manager lifts restrictions.

All managers should:

1. Inform the public through the media that a trigger
condition LEVEL I has been reached and voluntary
water reduction should be started.

2. During winter months, request water users to
insulate pipes rather than running water to prevent
freezing.

3. Monitor water pressure in the distribution system

and water levels n the storage tanks.
Brady and Eden should additionally:
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4. Notify major commercial water users of the
situation and request voluntary water use
restrictions. :
5. Implement the following lawn watering schedule:
Customers with even numbered addresses water on
even days. And customers with odd numbered

addresses water on odd days. Watering shall occur
only between the hours of 9:00 p.m. to 9:00 a.m.

A. STEP II - all managers should totally ban outdoor use for
sprinkling, watering 1lawns, shrubs, driveways and
automobiles. Brady and Eden can totally restrict certain
commercial and civic activities related to water use.
Restrictions will remain in effect until formal notice
from the managers.

All managers should:

1. Continue implementation of all relevant actions in
preceding phase.

2. Prohibit pavement washing and only allow car and
window washing with a bucket.

Brady and Eden should:

3. Prohibit the following water uses that are not
' essential for public health or safety:

a. street washing

b. water hydrant flushing

c. filling swimming pools

d. athletic field watering

e. golf course watering

f. commercial car/truck washing
4. Adopt a fining mechanism with each day of non-

compliance considered a separate offense.
I. INFORMATION AND EDUCATION
Once trigger condition have been reached and emergency
measures taken, a variety of information avenues will be taken,
including:

A. Posting a notice of drought conditions at key locations
such as: business offices, post office, banks and court

houses
B. Articles in newspapers of general circulation
c. Public notices over local radio stations

IT. TERMINATION NOTIFICATION

Termination of the drought measures will occur when trigger
conditions that initiated the drought measures have subsided and an
emergency situation no longer exists. Consumers will be informed

of the termination of the drought measures in the same manner they

were informed of the initiation of drought measures.
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“Hunger is bitter, but the worst
Of human pangs, the most accursed

...is Thirst,”
Eliza Cook {(1818-1889)
Melaia
“. .. by means of water we give
life to everything."”
Boethius {c. 470-525)
The Koran
"Water!"' ... “Everywhere you turn here,

yvou're involved with the lack of water.”

Lady Jessica
Dune

INTRODUCTION

Whether you are a new homeowner or
you have lived in your home for many
years, the information contained in
this booklet can help you better
understand your home's water supply
and drainage systems. The booklet is
designed to provide suggestions on
ways to conserve water, thereby
saving money, and ways to maintain or
even enhance property values.

Water conservation is defined as the
efficient use of water so that
unnecessary or wasteful uses are
eliminated. In Texas, more ground
water is drawn out of the aquifers each
year than is recharged through rainfall
and streamflow. As a result,
groundwater levels have dropped dra-
matically. Demand for water from the
state’'s streams and reservoirs is
rapidly approaching the available
long-term supply. Across the state,
many communities are regularly
required to limit water use at some
time during the year.

-1

While some additional water supplies
can be developed by constructing new
reservoirs, in many locations the
demand for water will still equal or
exceed the available long-term supply.
For these towns and cities, water
conservation can make the difference
between adequate supplies and
shortages. Importantly, the way water
is used and, in some instances, wasted
must be rethought.

This booklet explains seven easy ways
that water can be conserved and
money can be saved at the same time.
Useful information is also provided on
how home plumbing systems work,
how to measure home water use, how
simple repairs can be made, and how
water-saving devices are installed.
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2.

GETTING STARTED—
SEVEN EASY WAYS TO CONSERVE WATER
AND SAVE MONEY AT HOME

There are dozens of ways to conserve
water and save money around the
home. As a starting point, seven of the
easiest ways to reduce water use at
home are listed below:

1. Install A Water-Saving
Showerhead,

An effective water-saving shower-
head should have a flow rate of 3
galtons or less a minute. The standard
showerhead uses 5-10 gatlons a
minute. Therefore, a showerhead
using only 2.5 gallons a minute can
save as much as 75 galtons of water
during a normal 10-minute shower.

To determine whether a low-flow
showerhead needs to be installed, the
fiow rate of the current showerhead
should be checked by using the water
meter (see page 8) or by putting a
gallon container under the
showerhead white the water is on and
measuring the time it takes to fill the
container at the usual shower setting.
If it fills in less than 20 seconds, the
flow is greater than 3 gallons per
minute. Instructions for installing a
new water-conserving showerhead
are on page 13.

Low-flow showerheads can save money while
providing a satistying shower

Low-flow showerheads can be
purchased at most department,
hardware, and plumbing stores.

Models costing from under $3 are
available. A showerhead can usually
be installed in ten minutes.

2. Place Displacement Devices in
The Toilet.

There are three types of displacement
devices that can be used in toilets, but
they should not be used in newer, low-
water use toilets which use less than
3.5 gallons per flush. To determine the
capacity of the toilet tank, either turn
off the water supply valve to the toilet
(usually located on the pipe behind the
toilet) or hold the float ball up so that
the tank does not refill, and flush the
toilet. Measure the capacity of the tank
by filling it to the normal level with a
gallon milk container or other
measuring device,

Displacement devices placed in the toilet can save
both water and money

Toilet Dams can be installed in toilet
tanks to reduce the amount of water
used, typically saving 1/2 to 2 gallons
per flush (see page 14 for installation
instructions). Toilet dams are available
from many utilities or from most
plumbing supply stores from under $5
per pair.

- 3.



Toiler Dams

A Plastic Bottle filled with water and
weighted down with a few stones can
accomplish the same purpose as
dams. It isimportant to place the bottle
in the toilet tank where it will not
interfere with the flushing
mechanism. A plastic bottle inthe tank
will save 1/2 to 1 gallon per flush.

A Toilet Bag, which is available free of
charge from many utilities, can also be
used in place of dams. A displacement
bag in the tank will save 1/2 to 1
gallon per flush.

Note: Bricks sfhould not be used in the
tank because small pieces can break
off and permanently damage the
plumbing system.

3. Install Faucet Aerators

The standard faucet flow rate is 5
galtons a minute. A low-flow aerator
can reduce this flow to approximately
2.5 gallons a minute while still
providing adequate water for washing
and rinsing. Installing aerators on the
kitchen sink and lavatory faucets will

lisue Bonie

Taitt Bay

save hot water and cut water use by as
much as 60 gallons a month for a
typical family of four.

Toremove anacraiar, place adhesive or duct taps
O the weteen 2 e teeth and turn clockwise

Most aerators have either internal or
external threads. Before purchasing
aerators, the location of the threads
and the diameter of each spout should
be determined. If the faucet already
has a standard aerator (not a low-flow
type), it can be removed and taken to
the store to insure that the correct low-
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flow size is purchased. Aerators are
available for less than a dollar from
most stores that sell plumbing
fixtures.

\
¥
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S e
External Internal
Threads Threads

Faucet aerators reduce the fiow by 50%

Note: If the kitchen has a portable
dishwasher that must be connected to
the faucet, do not install a low-flow
aerator since the reduced flow may
affect the performance of the
dishwasher and result in dishes that
are not properly cleaned.

4. Change Use Patterns

The washing machine and dishwasher
should only be used when fully loaded.
This practice can save at least two
loads or approximately 60 gallons
each week.

Run the washing machine and dishwasher only
when they have a full load

5. Examine Personal Water Use
Habits

For example, by simply changing
toothbrushing habits, as much as 14
gallons of water a day can be saved.

Instead of allowing the tapwater to run
while brushing, use a cup, andrun the
tap just to rinse the toothbrush. The
same method can be used to conserve
additional water when shaving,
washing hands, or taking a shower.
Likewise, when washing vegetables or
rinsing dishes in the kitchen, a pan
should be used instead of running
water constantly.

—

Use a cup for mouth rinsing when brushing teeth

6. Find Water Leaks

According to water utilities, leaks can
easily account for 10% of a water bill
and waste both water and energy if the
source is a hot water tap.

Toilet Leaks: When a toilet leaks,
water escapes from the tank into the
bowl. Toilets are notorious for hidden
ot silent leaks, because leaks are
seldom noticed unless the toilet
“runs” after each flush (which can
waste 4-5 gallons a minute).

At home, a silent leak caused by a
corrcded flush valve can waste as
much as 10 gallons of water an hour or
over 7,000 gallons a month from a
plumbing failure that cannot be seen
or heard. For water costing $1.20 per
1,000 gailons, over $100 per year
becomes “money down the drain.”

To determine if the toilet is leaking,
look first at the toilet bowl after the
tank has stopped filling. If water is still
running into the bowl or if water can
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be heard running, the toilet is leaking.
Oftentimes, however, the toilet may
have a “silent leak.” To test for a silent
leak, mix a few drops of food coloring

Top
Filoat Arin
valve Float Ball
Overflaw Pipe {5
Flush Valve ] .. Tank
Bail .~ L
$ )"i."’}‘:‘)\ Valve Seal
|
L) Bowl
S
N
[ .
i P,
I g L=
(& 7
& -

or place a dye capsule or tablet
(available from many utilities and
hardware stores) into the water in the
toilet tank after the water has stopped
filling and the tank is full. DO NOT
flush the toilet. Wait for about 10
minutes, and if the dye or food coloring
appears in the toilet bowl, the toilet
has a silent leak. Leaks of this type are
usually caused by a defective flush
valve (flapper) ball or a corroded or
scaled valve seat. Replacement balls
and valves, which can be installed in
less than 30 minutes, are available
from most hardware and plumbing
stores for under $3.

Faucet Leaks: Faucet leaks are
obvious. However, seldom used tapsin
the basement or outside the house
should be periodically checked. The
cause of faucet leaks is frequently a
worn washer that can be replaced with
two or three hand tools. Replacement
washers can be purchased from most
hardware and variety stores and cost
only a few cents.

— To determine if leaks that can
not be seen exist in the home, refer
to page 8 on water meters.

— Forinstructions on fixing leaks,
turn to pages 11-13.

Water Wasted in One Month
From Leaks

[

. >

gallans/month

1 a slow steady drip

{100 drops a minute) 360
2 afastdnp 600
3. asmall stream 2,000-2,700
4 o large sueam 4,600

7. Use Efficient Outside Watering
Practices

a. Plant native vegetation. Once
established, which usually takes
two years, these plants require less
frequent watering.

b. Water grass only when needed. If
grass springs up after being walked
on, it does not need watering.

¢. Soak grass long enough for water
to reach the roots. WATER
SLOWLY AND DEEPLY.

d. Water during the cool, early
morning hours to minimize water
loss by evaporation and discourage
disease. Do not water on windy
days.
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Water Loss by Witer Added by

Leaves Rainfall and
{transpiration) Irrigation

Surface
Evaporation

4

~ Absorption
by Roots

The Plant/Soil/Water Cycle.

e. Use sprinklers that produce
droplets instead of mist and that
have a low trajectory. This type of
sprinkler will lose less water by
evaporation and be less affected by
the wind.

f. Use drip irrigation systems for
shrubs, flowerbeds, and other
frequently watered areas.

Drip irrigation soaks the root system without any
runoft

g- During the summer, keep the
grass about 2”-3" high. This height
shades the root system and holds
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soil moisture better than does a
closely clipped lawn.

h. Do not water streets and
sidewalks. Adjust the hose or
sprinkier until it waters just the
grass or shrubs. For flowerbeds,
shrubs, and trees, use drip or
soaker systems.

i. If water is rationed during a
drought, give priority to trees and
shrubs which are more expensive
and harder to replace than grass
and annual plants.

Correct location for the sprinkler = no runcff

j- During a severe drought when
outside watering is prohibited,
water plants with “gray water”
saved from bathing, dishwashing,
and clothes washing, if this is
permitted by the city or local health
department.
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MEASURING WATER USE

How To Read A Water Meter And
Use It To Measure Leaks

If the house has a water meter, the
entire plumbing system can be
checked for an undetected leak in five
easy steps:

1. Find the water meter. (It may be
outdoors or hidden in a dark corner of
the basement).

The water migter v often located mihe front yard
tear the strent

2. Turn off all running water and
water-using appliances, and do not
flush the toilet.

3. Read the dial {(or dials) and record
the reading.

4. After 15 to 20 minutes, re-check
the meter.

5. If no water has been turned on or
used and the reading has changed, a
leak is occurring. The rate {gallons per
minute) of the leak can be determined
by dividing the number of gallons by
the elapsed time.

If the leak cannot be found andfixed, a
plumber should be called. Before
calling, check all toilets for silent leaks
by following the instructions on
page 6.

Water meters are not all alike. The
three shown on these pages are the
types most commonly used in Texas.

} i } i
The water bill shows the amount of
water, usually in thousands of gallons,
used every month. By following the
directions next to the meter that
matches the one in the home, weekly
or even daily usage can be monitored
and recorded.

Reading The Type A Meter

A Type A meter should be read like the
odometer (mileage counter) on a car.
The example meter reads 765400.

GALLONS L

\ . GALLONS
© o I7ieslaol

The actual total amount of water used
since the example meter started at
zero is 765,400 gallons.

If the reading were recorded and a
week later the meter read 766500,
then 1,100 gallons of water would
have been used during the week.

Based on the example meter, the
reading on the monthly bill should
show 765 if the utility company
charges to the nearest thousand
gallons used.

Reading The Type B Meter

A Type B meter has five clock-like
circles. The circles are not numbered
1-2-3-4-5 as in this illustration.
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Rather, the circles on the example
meter have been numbered to show
where to begin reading.

TUNIT = 10
U S GALLONS

TYPEB

Start at Circle 1 and read each circle in
clockwise order, finishing with Circle
5. If the arrow points between
numbers, read the smalier number,

In this example: Circle 1 =7; Circle 2 =
6, Circle 3=5; Circle4=4; Circle5=0.
Therefore, the meter reads 76540. The
actual total amount of water used
since meter B started with each arrow
pointing at zero is 765,400 galons.

If this reading was recorded and in a
week the meter read 76650, then
1,100 gatlons of water would have
been used that week.

The reading on the monthly bill would
be 765 if the utility charges to the
nearest thousand gallons used.

Reading The Type C Meter

A Type C meter is read by starting at
the circle marked 1,000,000 and
finishing with the outside circle. If
the arrow points betwean numbers,
read the smaller number,

In this example: Circle 1,000,000=7;
Circle 100,000 = 6; Circle 10,000=5;

i ] } j

Circle 1,000 = 4; Circle 100 = O;
Outside Circle = 0. The meter reads
765400. The actual total amount of
water used since meter C started with
all arrows pointing at zero is 765,400
gallons.

TYPEC

If this reading was recorded and in a
week the meter read 766500, then
1,100 gallons of water would have
been used that week.

The reading on the monthly bill would
show 765 if the utility charges to the
nearest thousand gallons used.

How To Read A Water And Sewer
Bill

A typical water bill should contain the
following information:

1. The amount of water used.

2. Thebeginning and ending dates of
the billing period.

3. The beginning and ending meter
readings.

4, The dollar amount being billed.

tf the home has central sewer service,
the monthly sewer and water charges
will almost always be on the same bill.
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Water and sewer service are generally
billed at a fixed rate for the first 1,000
to 3,000 gallons used and a separate
rate per 1,000 gallons after the
minimum is used. For example, the
water rate for a residential customer
could be $8.00 for the first 2,000
gallons used and $1.50 per 1,000
gallons above the 2,000 gallon base
amount. The corresponding sewer
rate could be $10.00 for 2,000 galions
and $1.80 per 1,000 gallons above the
2,000 galion base amount.

More than likely, sewer lines serving
the home are unmetered. In Texas,
many utilities average individual home
water consumption over December,
January, and February and use the
average for these three months, or the
actual monthly water use if that is
lower, to determine the monthly sewer
gatlonage for billing purposes. The
sewer rates are then multiplied by this
gallonage to determine the sewer bill.
The reason that December, January,
and February are chosen is that all
water usage will generally be inside
the house during the winter months
and, therefore, will flow into the sewer
system. Other utilities simply charge a
fixed monthly amount for sewer
service.

The water and sewer consumption
volume will usually be shown on the
monthly bill as two or three numbers.
When examining household use from
a utility bill, make sure that the bill is
checked carefully to determine the
units (i.e., 1000 gallons/month, 100
gallons/month, or 100 cubic
feet/month} that the utility uses as a
basis for bill charges. Billing questions
can be answered by calling the local
utility.

Some utilities have adopted rate
structures specifically designed to

promote water conservation. Such
rate structures usually increase the
charge for each 1,000 gallons that are
used above the overall average
amount of water used each month. For
example, the minimum monthly bill
could be $8.00 for the first 2,000
gallons, the next 6,000 gallons could
be billed at $1.50 per 1,000 gallons,
and use above 8,000 gallons could be
billed at $2.00 per 1,000 galions. This
structure is called an increasing block
rate. Some utilities also use seasonal
rates that charge higher rates during
the summer out-of-doors watering
period. Questions about the rate
structure can be answered by calling
the local utility.

EASY REPAIRS THE
HOMEOWNER CAN MAKE

Repairing Toilet Leaks

Some types of toilet leaks are relatively
easy to fix. Other leaks may require the
services of a plumber. Several simple
repair steps that can be done without
contacting a plumber are listed below.

1. Iifthe water is too high in the toilet
tank and is spilling into the overflow
tube, the float can be adjusted by
turning the adjustment screw or by

Overfiow Tube

Float

Adjustment Screw

Flapper Ball

— ¢y

very gently bending the flocatarm down
so that the water shuts off at a level
slightly below the top of the overflow
tube. Ideally, the water level should be
set so that it is about even with the fill
line on the hack of the toilet tank,

2. A frequent problem that causes a
toilet to leak is a worn flapper ball or a
flapper ball that does not seat properly
into the valve seat. If the flapper ball is
worn, it can be removed and replaced
with a new flapper ball. If a flapper ball
is being replaced, care should be taken
to note how the chain is adjusted
before the old ball is removed. Also,
the valve seat should be checked for
scale or corrosion and cleaned if
necessary. If cleaning does not work, a
retrofit valve seat, which is now
available from most plumbing or
hardware stores, can be obtained and
installed.

3. If the handle needs to be jiggied to
keep the toilet from “running,” the
guide-wire or the handle itself may be
sticking. If the handle is sticking,
adjust the nut that secures it in the
toilet tank. If that does not work, the
handi{e may have to be replaced,

4. If none of the preceding steps
solve the problem, a plumber should
be contacted to repair the toilet.

Repairing Faucet Leaks

Leaky faucets, which can devetop even
in new houses, are wasteful and are a
nuisance. With a few simple tools, a
leaky faucet can be repaired in less
than an hour,

Most water faucets in houses today
are compression-type units in which a
washer is compressed over a pipe
opening when the faucet is closed,
thus closing off the wates. All
compression-type faucets may not

lock alike, but all are similar in their
operation and repair.

Handle
¥ Screw

Handle {&==" =D
O Cap Nut

& Cone or Bonnet

Bib or Packing Washer g Packing
Spindle é
Upper Faucet Washer &%
'Y
Spout

)

Lower Faucet Washer (=
(&3
Q:il‘

The exact point where a leak appears
on a faucet is a good clue to finding its
cause:

A spout drip is usually caused by a
worn upper faucet washer or a
corroded seat.

Leaks at the stem result from a loose
cap nut or worn cone or bonnet
packing.

A cap leak, or water oozing below the
cap nut, indicates a worn bib or
packing washer.

A leak at the base of the faucet results
from water seeping past a worn jower
faucet washer.

Faucets With Washers:

To repair a leaky compression type
faucet, use the following steps:
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® Turn off the water supply at the

valve nearest the faucet. Next, open
the tap to drain the faucet.

Remove the handle screw and lift
the handle off the spindle.

¢ Unscrew the cap nut. it is probably
best to use a protective cover of
adhesive tape or a rag to avoid
marring the finish,

¢ Unscrew the stem with finger
pressure and hft it out.

Remove the screw from the bottom
end of the spindle. Scrape away all
worn washer parts. Be careful not
to damage the rim.

¢ |nstall a new washer. Take either
the old washer or the complete
spindle unit with you to purchase
the correct size and shape (flat or
conical} replacement washer.
Double-check to make sure the
replacement is like the worn
washer.

¢ Check the seat (which is iocated
down inside the faucet) to make
sure it is not pitted or rough. If the
seat is scarred or rough, a seat-
dressing kit to grind the seat to a
smooth finish should be used.

® A |eak at the stem usually means
that the packing inside the cap nut
needs replacing. To replace the
packing, pry out the old packing
washer with a screwdriver. If a

} } i }
washer is used, replace it with a
new one. If there is no washer,
wrap the spindle tightly with
“packing wicking.” String can be
used if commercial wicking is not
available,

® Reassemble the faucet. Tighten the
cap nut just enough to prevent
leaking. Screwing the nut down too
tightly causes rapid wear on the
stem,

e Turn the shutoff valves to the on
position and check the faucet for
leaks.

Mixing Faucets:

A mixing faucet may look more
complicated than a single faucet, but
repairs are made in much the same
way. Actually, a mixing faucet is two
separate units with a single spout.
Mixing faucets are used on sinks,
bathtubs, and laundry tubs. Repairs
must be made separately on each

Mixing Faucet

faucet unit. Follow the same steps
listed above, but remember to turn off
both faucet valves before beginning
work.

Washeriess And Single-Lever
Faucets:

Every washerless and single-lever
faucet model is alittle different. When
repairs are required, homeowners can
purchase a repair kit for their mode!
which includes instructions and the
parts that generally will be worn. By
replacing all the parts at once, the
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Single-Lever Faucet

faucet should function for several
years without needing further repair.

WATER-SAVING DEVICES
THAT THE HOMEOWNER
CAN INSTALL

Installing a Low-Flow Showerhead

In some cases, a newly purchased
low-flow showerhead may not fit on
the existing pipe. This is often the case
if the neck ends in a ball joint. Most
necks can be unscrewed and replaced,
or an adaptor can be used. Adaptors or
replacement necks are readily
available in plumbing and most
hardware stores.

When installing the new showerhead,
teflon tape or pipe joint compound
should be applied to the exposed
threads of the new neck so that the
joint will be sealed and provide a leak-
proof connection.

If the shower neck that has been on for
a few years and the neck joint is too
stiff to unscrew with moderate
pressure, consider having a plumber
replace it.

Installing Shower Flow Restrictors

Restricting devices fit into the space
between the showerhead and the
shower neck. These devices range
from a simple washer with a small
hole in it to small chrome-plated
pressure compensating fittings. While
restrictors reduce water flow, low-
flow showerheads produce a flow that
is more satisfying to most individuals.

H j j j

To Change Showerheads:

=

1. Remove old “high-flow™ shuwerhead
turn counter-clockwise

“Neck’” With Ball Joint

.
ﬁ' Adapter

High Flow
Showerhead

Elbow

Joint

2 Cover exposed threads of “"neck” with pipe
joint compound of teflon tape to form a tight
seal

3. To install the “low-flow™ showerheads
screw onto the “neck’” cleckwise
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Installing Toilet Dams, Toilet Bags.
and Plastic Bottles

Many of the toiletsin homes today use
from 5 to 7 gallons per flush. Several
effective retrofit devices are available
that can reduce the volume of water
used with each flush by 2 to 3 gallons.
While these devices can be used in
some of the low flush toilets on the
market today that use from 3 1o 4
gallons per flush, they generally
perform better when used in the older
& to 7 gallon per flush models. Since
the height of water in the toilet tank
{and not just the volume) causes the
bowl to flush, the purpose of
displacement devices is to reduce the
volume of water used in each flush
without affecting water height in the
tank. The following three types of
devices have proven to be effective:

Toilet Dams:

To install a dam, flex or bend the dam
andinsertitintothe tank asillustrated.
The dam shouid fit tightly against the
tank sides and bottom and should
curve outwards away from the
plumbing fixtures in the tank. Most
tanks work best when a single dam is
used.

Tollet Dam

Toilet Bags:

The bag should be filled with water,
the top of the bag should be securely

sealed with the bag clamp, and the bag
should be hungin the tank by using the
bag clip and hanger that are provided.
Make sure the bag is located in the
tank so it does not interfere with the
operation of the toilet tank.

~ iollet Bag

.Plastic Bottles:

Plastic bottles can be filled with water
and weighted down with a few stones
and placed in the most open portion of

Plastic Bottle

the tank. This will save as much water
as is displaced by the bottle. Make sure
the bottle does not interfere with the
operation of the maving parts of the
tank.

ALL SUCH DEVICES SHOULD BE
CHECKED PERIODICALLY TO INSURE
THAT THEY REMAIN IN PLACE.
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GETTING TO KNOW
THE PLUMBING SYSTEM

Draining The Water Supply System

There are two types of plumbing
systems in every house. There is a
water supply system and a drainage
system.

Cccasionally, the water system may
need to be drained to perform major
plumbing repairs or to prevent the
pipes from freezing if the house isto be
left unattended for long periods in cold
weather.

To drain the water from the pipes,
follow these steps:

1. Turn off the water supply at the
main shut-off vaive to the house. The
shut-off valve is usually located in a
valve box which is buriedin the ground
between the water meter and the
house. The plate covering the valve
box can often be removed by hand or
with a screwdriver.

2. Turn off the gas or the electric
current to the hot water heater. This is
extremely important because the
heater will be seriously damaged if the
water is drained while the heater is
operating.

3. Next, flush all toilets and open
every faucet in the house.

4. if your house is heated by a hot

water or steam system, turn off the:

furnace and open all radiator valves (if
the radiators have individual valves).
Remove the air-escape valve from one
or more radiators on the highest floor
of the house and drain the furnace and
water heater.

5. Open the drain valve on the main
supply line. f no valve exists,
determine where the lowest point in

your system is and disconnect a fitting
there to allow any remaining water to
run out of the pipes, A plumber may be
needed to instali a suitable drain valve
in plastic or copper piping.

6. If the house is supplied from a
well, drain both the above-ground
pump lines and the tank. Turn off the
pump and drain it completely.

7. Pour a mixture of anti-freeze and
water into the trap of every sink, wash
basin, bath tub, and shower stall and
into the toilet bowls. Prepare this
mixture, according to the directions on
the can, for the lowest possible
temperature expected in the local
area.

Unclogging The Drains

if water backs up into any of the
household fixtures, the drain is
probably ciogged at some point. To
unclog the drain, the following steps
should be followed.

1. Bail or siphon as much water as
possible out of the fixture.

2. Useaplunger(plumbers helpar}to
try to unclog the drain by piacing the
plunger over the clogged drain and
working it up and down vigorously. If
that does not work and the fixture is a
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bathroom sink or bathtub, a hand, a
wet sponge, or duct tape can be placed
over the overflow ventto seal it off, and
the plunger action can be repeated.

3. If Step 2 does not work, pour a
caustic drain cleaner into the drain.
The manufacturer’s instructions
should be followed completely. Allow
the product to set for the
recommended time and then run cold
water down the drain.

4. |fStep 3doesnotwork, itistimeto
either call a piumbing service or try to
clean out the line without help. To
clean a line, the point of line blockage
will need to be determined, the
cleanout will need to be located, and &
drain auger will need to be used to
clear the blockage.

s 1 drann auger 10 Llar o e blockage

Septic Tanks And Drainfields

Houses in rural areas or on the fringe
of an urban area without centralized
sewage system use a septic system to
dispose of sewage. A properly
designed septic system usually

] } } i
consists of a seplic tank and a
drainfield. By reducing water use, the
life of the drainfield can be prolonged.

Roof Terminat

Properiy vented
}and trapped
> plumbing fixtures

S

A LA, N
Soil-Absorption Area
BN N v

ENSETIRTISH]
Trenches

A typical sepnc system {with trenchos)

Maintenance

A few basic steps can prevent
expensive repairs and lengthen the life
of the system.

— Follow the water conservation
methods discussed in this
pamphlet. This will help prevent
saturation of the drainfield.

— Do not use a garbage disposal
system in the sink and do not use
the toilet as a trash can. Large
amounts of organic matter can
cause a rapid buildup of sludge or
scum which will require more
frequent cleaning and could cause
the septic system to fail.
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— The use of bacterial additives,
yeast, and other "activators” can
also help septic system per-
formance.

Cleaning

The frequency of cleaning depends on
the size of the septic tank and the
number of people it serves. With
ordinary use and care, a septic tank
may require cleaning every two or
three years. In many cases, septic
tanks can be satisfactorily operated for
even longer without cleaning.

Inspection Ports

/ Manhole \

Inlet

Cross Section of a Septic Tank

To determine when to clean the tank,
an annual check should be performed.
When the bottom of the scum is within
3 inches of the bottom of the outlet
baffels or the top of the sludge is
within 3 inches of the bottom of the
outlet, the tank should be cleaned. The
accumulated solids should be pumped
out by a licensed, commercial septic
tank cteaning company.

The Hot Water Heater

Hot water is & simple luxury that is
often taken for granted. Knowing
about a water heater can help trouble
shooting when problems oecur and
could prevent more serious problems
should the water heater fail.

| ] ] J
Conserving Energy

The thermostat controls the.
temperature of the hot water. Try
setting the thermostat at around 125°
Fahrenheit unless the kitchen has an
automatic dishwasher. The lower
temperature will save energy and
wear and tear on the equipment, since
hot water is more corrosive to pipes.
The lowser temperature will also
protect small children from accidental
scalding. If there is an automatic
dishwasher which does not have a
water heater option, the thermostat
should be set at a minimum of 140° F
so that the dishwasher will clean
effectively.

Relief Fl
Valve 3 ue

Relief
Gutiet

Cold Intake

Thermostal J

\ E: Ciganout
Valve
Pilot ¢1 Gas
Burner

The hot water heater will use less
energy if it is wrapped in an insulating
blanket. The hot water pipe on top of
the tank should also be wrapped in
pipe insulation. The cold water pipe
should be insulated up to the shut-off
valve.

Maintenance

Approximately every six months,
about two quarts of water should be
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drained from the faucet-like drain
valve located at the bottom of the tank.
To drain the tank, either attach a
garden hose and flush water outside
or down a nearby drain or catch the
water in a bucket. Either way, water
should be drained until it runs clear.
Periodic draining will prevent an
accumulation of sediment and
improve the efficiency and life of the
heater. Also, the heater may make less
noise as a result.

Drain
Valve

Every water heater should have a
pressure relief valve to prevent a
buildup of pressure from occurring
because of a malfunctioning
thermostat. Test the valve by lifting the
test lever on the valve. Iif water runs
out, the valve is functioning.

Check the turn-off valve located on the
cold water intake line to the heater to
be sure itcloses smoothly. This valve is
used to shut the cold water off to the
heater and hot water off to the rest of
the house for repairs or in an
emergency situation.

WATER SAVING IDEAS

When Remodeling or Replacing
Fixtures and Appliances

1. Hot Water Pipes:

Where possible, hot water pipes from
the hot water heater to fixtures and
appliances should be insulated during

remodeling. This will reduce the time
between turning the water on and the
time hot water comes out of the faucet
and reaches a constant temperature.

2. New or Replacement Fixtures and
Appliances:

Low-water using fixtures should be
instailed when remodeling or
replacing fixtures.

a. Toilets: Install toilets that use
3.5 gallons or less per flush.

b. Showerheads: Low-flow
showerheads should fiow at 3
gallons or less per minute.

¢. Appliances: Water-saving
dishwashing and clothes-washing

machines should be installed. Be

sure to ask the salesperson about
the water efficiency of appliances
when shopping for replacement
appliances.

3. Pools and Hot Tubs:

a. Run the filter backwash onto
the lawn rather than down the
sewer,

b. Purchase covers for hot tubs
and pools to reduce evaporation
losses.

When Adding New Landscape Or
Redesigning The Yard

When planning to add new
landscaping or redesign existing
landscaping, the following sug-
gestions should be considered
because it may be possible to save
50% or more of the water needed to
maintain a traditional lawn,

1. If a landscape architect or
gardener is to be hired, select one who
is experienced in Xeriscape.

- 18 -

WHAT IS XERISCAPE?

XERISCAPE (ZIR-I-SKAP) N. The conservatien of
watar and energy through creative landscaping.
(From the Greek word Xeros, meaning "dry”.)
Xeriscaping, Xeriscaped. Xeriscaper.

2. Design the yard to reduce the
grassed areas to only that amount
which will actually be used for
recreation and entertainment. Front
and side yards are most frequently just
for show and are logical areas that can
be completely or partially converted
from lawns to native grasses,
groundcovers, and shrubs.

Tree/Shrubs &
Groundcover

Gravel Walk Service Area
NN

h° b

atn

T 2%
Flower Bed 1. AN
s

L Brick Paving

A Xeriscape design for the yard

3. Use native grasses, groundcovers,
shrubs, and trees, There are many
beautiful varieties of native species
that can be used in landscaping that
are preferabte to imported species.
The advantage of native species is
that, once they are established

(usually about two years), they do not
need to be watered as frequently
(about 1/3 to 1/2 as often), and they
usually will survive a dry period
without any watering,

4. Irrigation for Lawn, Shrubs, and
Trees:

a. When installing an irrigation
system for the lawn, the sprinkler
heads should be low-angle spray
heads that sprinkle the grass
without spraying the water high in
to the air or allowing the water to
drift onto the sidewalks and streets.
The heads shouid produce droplets
of water instead of a mist.

Drip irrigation Hose
and Emitters

b. The preferable irrigation
system for shrubs beds and trees is
a drip-type system. There are

Fertiheer lngecion -

Anti-Syphon Value

L
Slramer\ D@’] Jﬂ.ﬁ’
Pressure Regulator -/ \

~

Typical drip irrigation arrangement. The fertilizer
injector and pressure requfator are optional
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to promote water penetration and APPENDIX:
retention.

1 CALCULATING THE
TOTAL SAVINGS POSSIBLE
THROUGH CONSERVATION

The average homeowner can save
both water and money by practicing

conservation. The three following
tables illustrate some of the savings,
both in water use and energy use, that
are possible. Taking a few minutes to

a. Shapethe scilinto earthenbasins

around all shrubs. compare the possible savings with

past utility bills will show how much

. - Ky, :
b. It the original soil is rocky money can be saved in the home,

shallow, or a heavy clay, the soil
can be improved by adding 2 to 4 3

Estimated Energy and Monetary Savings Associated with
inches of organic material or topsoil

Residential Water Conservation

Drip irrigation systems can be used for hanging which is compatible with the soil Amount of shergy saved Valus of energy saved
baskets type. ) Davi H:‘-v‘:m e::.:n': Eh?:: Gas* Elactric’
vice v wa!
e . - . o {Gal/day/Dp (Thams/vouc/DAP  Kw-hr/year/D) {Doilars/year/D:AL)
several varieties, |nCJUdlng §081f’er c. If your O“glnal soil is a heavy Showerhead. 3.0 gpm 8.0 29 541 128 324
. . worhead, J. | . | K
hoses, bubblers, and "leaky pipe.” If clay or fine sand, the soil can be y - . "y . - o
1 M H . —_— . . i ! N 3 . 8
a sprinkler system is instailed for improved by tilling organic material ter saving ishwashers
shrubs, an upright pipe extension such as peat, compost, decomposed Water seving clothes. g o o . o
. 4 * A washing machines X A - 3. 3
may be needed if low-angle spray rice hulls, and rotted manure into Subtotal P P Ton — o
heads are to be used. This isdone to the soil
| Wlthout ObStrUCtiOnS . Insulation of hot water pipe# 4.7 136 320 75 19.2
spray even'y X i Total 198 58.9 1.341 313 804
For more |nformauon, contact a Watering:
Iicensed Iandscape irrigator or a . 1140°F water saved 8 follaws: showsr 3.4 gslions per capita per dey (gpcd): dishrwasher 2.0 gped; ing hines 1.0 gpcd, thermal pipe
reputable dealer, a. Plants: Duringsummer insulation 2.0 gped.

20.U. = dwelling units; 2.37 persons por dwaelling unit.

179 percent afficiency. Source: The California Appliance Efficiency Program—Revised Stall Repl. Caifornia Energy Resources
Conservation & Devel. Comm. Conzarvation Div. {Nov, 1977).

‘One Therm 100,000 BTY.

98 percant efficiency. Source: ibid.

$80.55/therm._ 780.06/ kw-hr.

months, most plants will need
about 1 inch of water every 5 to 7
days.

¢. Automatic controls will allow
the proper watering time and will
minimize waste.

d. Regular spacing between spray b. Lawns: The frequency of Water Conserving Retrofit Devices

heads will provide uniform watering depends on the type of . ot
. . te ted
grass. Since evaporation and water savioge o .
coverage. . . .
transpiration rates vary across Application Devics Function savings gped' * yean
5. Soil: Shape the soil to protect Texas, the frequency of watering Toitet Two dispiscement botties  Reducas tush voiuma 06 gal/flush 23 0-0.20 5
againm erosion and use conditioners also dEpends on the location. Toilet Water closat dam Reduces flush volume 1.0 gal/flush 45 1.50-3.00 ]
Toilat Duai-flush Vvariable-flush volume 3.5 ga!/flush 157 15.00 15
Shower Flow restrictor Limits flow to 3 gpm? 1.6 gpm 6.7 0.50 &
Shower Reduce-flow shower head Limits flow to 3 gpm 1.5 gpm 87 3.00-20.00 15
Shower Reduce-flow shower head Limits flow to 2.6 gpm 2 gpm 8o 6.00-20.00 15
with culoff vaive
Showar Cutof! valve Facilitates “navy” — — 2.50-5.00 15
’ showar”
Faucets Aerator Reduces splashing, — 0.5 0.50-2.00 15
snhances flow aexthet-
ics cradtss appearance
. of greater flow
Hot water Ingulation Raduces warm-up time - 0.5 0.50/f1 25
pipes
Water Pressure-reducing vaive Reduces available water - .0 85.00 25
hook-up prassure at fixtures

and, hencs, flow rate

igpcd—gallons per capita per day
3gpm—galiong per minute
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Water Conserving Devices for New Construction

Eatimated Estimated
unit water sdditional Bervice
Water savings cont lite
Applicstion Davics Function savings gpcd’ ] Yo
Toitet Low-flush, 3.5 gal/flush Reduced flush volume 1.5 gal/flush 75 0 25
Toilst Low-llush, 2.5 gal/flush Reduced flush volume 2.5 gal/flush 126 L] 25
Toilet Low-tlush. 1.0 gal/flush Reduced flush volume 4.0 gal/flush 200 ¢ 26
Shower Reduced-flow showar Reduces shower How 1.5 gpm? 67 o 5
head rate 10 3.0 gpm
Shower Reduced-flow shower Reduces showsr flow 20gpm 80 o 15
head with cutoft veive rate 10 2.6 gpm
Shower Cutotf vaive Facilitates “navy showar™ — — 2.50-5.00 15
Faucet Aurstor Reduces solashing, en- - 05 0.50-2.00 15
hances liow assthatics,
crestes sppesrance of
greater fiow
Water Pt d Q vaive le water — 30 45.00 5
hook-ug prassure at fixtures
and, hence, flow rats
Applisnces Water-efficient digh- Aeduced waler [equire- 6-gal/cycle 20 1] 16
washing appharnces ment
Appli Water -eifi loth walter require- 14-gai/cycle 3570 70.00 15
washing maching man

*Some are sxpensiva, but others are svailsble st costs comparabis 10 3.5 gailon per fiush models.
'gpcd—galions par capita per dey
lgpm—gallons per minute

- 22 .

MAINTENANCE/REPLACEMENT RECORD
DEVICES AND REPLACEMENTS INSTALLED

Date Cost

Low-Flow Showerheads Installed
Low-Flow Faucet Aerators Installed

Toilet Tank Displacement Devices Installed
Fixture/Appliance Replacements

| ANNUAL OR SEMI-ANNUAL LEAK CHECKS AND REPAIRS

Number of Number of Cost of
Date Faucet Leaks Toilet Leaks Repairs
OTHER ANNUAL MAINTENANCE
Date Date Date Comments
Drain Hot Water
Heater
Check Septic Tank
Scum and Sludge
Levels




Texas Water Development Board

WATER CONSERVATION
LITERATURE AND MATERIAL

Publications, Prices, Order Forms

Appendix
C
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TEXAS WATFR DEVEILOPMENT BOARD

Copies of the following publications and materials can be cbtained at no charge
up to the quantity indicated depending on the category of the requestor (see
Categories A,B,C, and D listed below). Most publications are available for
sale when larger quantities than the mumber of free copies are desired.

CATHORTES

Category A includes:

Texas cities and towns;

Texas Water and/or Wastewater Utilities and Districts;
Other Texas water-related districts;

Texas Water Supply Corporations;

Texas River Authorities; and

Texas State Agencies;

These may cbtain free copies up to the maximm listed for Category A, not
to exceed a total of 1,500 pieces, and may purchase additional copies at
the listed price. They may also have their name and address printed on
purchased publications and may purchase print negatives for printing
locally. Use FORM I to order.

B_includes:
Texas schools and universities;
Texas non-water related political subdivisions; and
Texas non-profit clubs and organizations interested in water conservation.

These may cbtain free copies up to the maximm quantity listed for
Category B, not to exceed a total of 300 pieces, and may purchase
additional copies at the listed price. Use FORM II to order.

Category C includes:

Individual Texas residents:;

Private Texas businesses; and
out-of-state cities and state goverrments.

These may cbtain free copies up to the maximm quantity listed for
Category C, not to exceed a total of 30 pieces, amd may purchase
additional copies at the listed price. Use FORM II to order.

Category D includes: '
™ Individual out-of-state residents; ard
™ Private out-of-state businesses.

These may cbtain single free copies of each item listed and may purchase
up to 100 additional copies at the listed price. Use FORM II to order.

To make a request, write:

QONSERVATTON
Texas Water Development Board
P.O. Box 13231, Capitol Station
Austin, Texas 78711-3231

Please be sure to use the proper order form. For more information, please
call (512) 445-1467.




Title

~ Agricultural Water Conservation in

Texas: ‘TWDB, Pamphlet, 8 pp.

Have Your Irrigation System Evaluated
Free: TWDB, Pamphlet, 4 pp.

IEPA Irrigation: TWDB, Pamphlet, 6 pp.
Drip Irrigation: TWDB WC-8, Pamphlet, 6 pp.

Conserving Water in Irrigated
Agriculture: TWDB, Bocklet, 12 pp.

Furrow Dikes: HPUWCD #1, Pamphlet, 4 pp.

Soil Moisture Monitoring: HPUWCD #1,
Pamphlet, 4 pp.

Center Pivot Irrigation: TAEX,
Pamphilet, 4 po.

Surge Flow Irrigation: TAEX L~2220,
Pamphilet, 4 pp.

Surge Irrigation: SCS, Pamphlet, 6 pp.

Nuber of
Free Copies
Per Category
A/B/C

50 / 50 / 10

350 / 100 / 10

350 / 100 / 10

250 / 100 / 10

150 / 100 / 10

100 / 100 / 10

100 / 100 / 10

350 / 100 / 10

350 / 100 / 10

350 / 100 / 10

Unit Price
After Free
Copies
$0.05

0.05

0.10

0.16

Abbreviations:
AWWA American Water Works Association
EPA U.S. Enviramgeental Protection Agency
HPUWCD #1 High Plains Undergrournd Water Conservation District No. 1
NA

provided on request.
OP Out of Print - Call for information
scs USDA - Soil Conservation Service
TAEX Texas Agricultural Extension Service
DA Texas Department of Agriculture
‘IWDB Texas Water Development Board

Not available for sale from TWDB. Address of publishing agency




Use in Bducation and Information Programs

Title

Water. ..Half-A-Hundred Ways
To Save it: TWDB WC-1, Pamphlet
8 po.

Municipal and Commercial Water
Conservation Services: TWDB WC-2,
Pamphlet, 8 pp.

A m:mec»mer’-s Guide to Water
Use and Water Conservation:
TWDB WC=-3, Booklet, 22 pp.

How to Save Water Inside the
Hame: TWDB WC-4, Pamphlet, 8 po.

Water Saving Ideas for
Business and Industry:
TWDB WC-5, Pamphlet, 8 pp.

How to Save Water Outside the
the Hame: TWDB WC-6, Pamphlet,
8 pp.

Texas Sesquicentennial Native
Plant landscape (Located in
Austin): TDA/IWDB WC-7,
Pamphlet, 8 pp.

Drip Irrigation: TWDB WC-8,
Pamphlet, 6 pp.

Coloring Poster for Children:
TWDB WC-9, FPoster, 1 pp.

Water Conservation Coloring
Bock No. 1: TWDB WC-10,
Booklet, 4 pp.

Water Conservation Ooloring
Book No. 2: TWDB WC-11,
Bocklet, 4 pp.

Lawn Watering Guide: TWDB WC-12
Card, 3.5" X 5"

Rumber of
Free COopies
Per Category
A/B/C

500 / 100 / 10

oP / OP / OP

250 / 100 / 10

500 / 100 / 10

OP / OP / OP

500 / 100 / 10

5/5/5

250 / 100 / 10

OP / OP / OP

500 / 100 / 10

500 / 100 / 10

500 / 100 / 10

Unit Price
After Free
Copies

9,999 : 10,000 ar
ar Iess @ More
$0.04 $0.03
NA NA
0.25 0.23
0.07 0.06
0.04 0.03
0.07 0.06
NA NA
0.10 0.09
0.04 0.04
0.05 0.04
0.05 0.04
0.04 0.03




L}

Title

A Directory of Water Saving
Plants ard Trees for Texas:

TWDB WC-13, Booklet, 42 pp.

Xeriscape-Principles, Benefits:
TWDB WC-14, Pamphlet, 4 pp.
Standard Size 6" X 11%.

Xeriscape~-Principles, Benefits:
TWDB WC-14A, Pamphlet, 4 pp.
Size 3.5" X 7.5".

Toilet Tank Leak Detector
Tablets: 2 Tablets per

packet

Plastic Raler: 1TWDB,
6" X 1 1/4"

landscape Water Conservation...
Xeriscape: TAEX B-1584,
Booklet, 12 pp.

Number of
Free Copies
Per

A/B/C

50 / 25 / 2

250 / 100 / 10

500 / 100 / 10

100 /25 /1

250 / 100 / 10

50 / 25 / 10

Contimed
Unit Price
Copies
9,999 : 10,000 or
ar less : More
0.55 0.52
0.19 0.16
0.07 0.06
NA NA
NA NA
NA NA




Guidebocks and Conservation Plaming Literature

Title
The Authority of Cities, Water Utilities,

and Water Districts to Regulate and Enforce

Water Conservation Measures: TWDB GB-1,
Guidebook, S5 pp.

A Guidebook for Reducing Unaccounted for
Water: TWDB GB-2, Guidebook, 33 pp.

Guidelines for Municipal Water
Conservation and Drought Contingency
Planning and Program Development:
TWDB GB-3, Guidebock, 36 pp.

Guidelines for Water Reuse
EPA600/8-80~036: EFPA GB-4, Guideboak,
105 pp.

Sources of Leak Detection Equipment
and Services: TWDB GB-5, Guidebook, 2 pp.

Sources of Water Saving Devices:
TWDB GB-6, Guidebock, 20 pp.

Texas Water Resources and Conservation:
TWDB GB-7, Guidebook, 38 pp.

Water Conservation Ard Drought

Contingency Plan Development
Procedures: TWDB GB-8, Guidebook, 58 pp.

Example Xeriscape Incentives and
Ordinances: TWDB GB-9, Guidebock, 58 pp.

The Texas Water BEducation Network
Directory: TWDB GB-10, Guidebock, 23 pp.

Summary of Water for Texas: TWDB C-20,
Pamphlet, 8 pp.

Water Planning in Texas: 1TWDB C-18,
Booklet, 27 pp.

Texas Water Development Board
inmd.ing Programs): 1TWDB, Pamhplet,
PP.

Number of
Free Ocpies

Per Categories

A/B/C

100/1/1

10/1/1

10/1/1

10/1/1

10/1/1

10/1/1

10/1/1

10/1/1

10,/1/1

1/1/1

10/1/1

10/1/1

10/1/1

Unit Price
Copies



Publicati 1 Aiovi 1 Material: . e far
Ioan From Texas Water Devel Board *

The following water conservation publications and audiovisual materials are available for
loan of up to two weeks from TWDB. To borrow any of these write to: CONSERVATION,
Texas' Water Development Board, Capitol Station, Austin, Texas 78711-3231.

Publicati
. Qriginally
Title Published By Description Iength
Water Aundit and Leak Detection California Dept. Book 142 pages
Guidebock of Water Resources
Example Brochures and Campiled by TWDB Ringbinder 32 pages
Pramctional Material
Municipal Water Conservation TWDB Ringbinder 6 sections
Workshop Notebook
E :l - ! l! | - ]
The Alternative is Conservation Water Films 16mm Film or 28 mimutes
VCR/VHS Format
Water Follies AWWA 1l6mm Film or 7.5 mimites
VCR/VHS Format
Orangutans (Public Service AWVA 16mm Film or 30 seconds
Annoucement) VCR/VHS Format
Gooney Birds (Public Service AMA 16mm Film or 30 seconds
Annoucenmernt) VCR/VHS Format
Tanks (Public Sexvice AWWA l6mm Film or 30 secords
Announcement) VCR/VHS Format
Spot Announcements Lower Colorado Audio Cassette 30 seconds

River Authority

*The films, video cassettes, amd publications are provided for review purposes only.
Permission to use any of this material for print or broadcast must be dbtained from the
producer or publisher of the material.



FOR CATEGORY A ONLY FORM I

TWDB WATER CONSERVATION LITERATURE '
Order Form

Please print or type your order. The name and address of your organization can be printed on paid
literature orders of 1,000 or more copies of a brochure. A charge of $25.00 must be paid for each title
ordered with name and address. Names and addresses cannot be printed on free copies. Checks or
money orders made payable to the Texas Water Development Board must be received with your order.

Quantity Quantity Unit

Title Free  Purchased Price Subtotal
1.
2.
3.
4.
5.
6.
7.
8.
Total *
Charge for Name and Address on Literature @€$25.00
Postage®*
Total
Organization Name: Name and Address as it is to
be printed on literature:

Address:

City, State, Zip:

Contact Person:

Telephone:

#Not to exceed 1,500 pieces.

+*The TWDB will ship orders up to 400 Serxd Order to:

pourds free at book rate or cheapeast CONSERVATTION

rate available. The Board requests that Texas Water Development Board
the utility arrange for shipping or pay P.0. Box 13231, Capitol Station
the incremental difference on orders Austin, Texas 78711-3231

exceeding 400 pouds. Call (512)
445-1467



FOR CATEGORIES B, C, AND D FORM II

TWDB WATER CONSERVATION LITERATURE
Order Form

Please print or type your order. Checks or money orders made payable to the Texas Water

Development Board must be received with your order.

Quantity Quantity Unit
Free Purchased Price Subtotal

2.

3.

Orcanization Name:

Address:

City, State, Zip:

Contact Person:

Telephone:

#MNot to exceed 300 pieces for Category B or
30 pieces for Category C.

*#The TWDB will ship orders up to S0
free at the book rate through the
U.S. Postal Service. The Board asks
that the requestors arrange for shipping
or pay the incremental difference on orders
exceeding 50 pounds. Call (512) 445-1467
for informaticn.

Postager*

Sernd Order to:
CONSERVATTON
Texas Water Development Board
P.0. Box 13231, Capitol Station
Austin, Texas 78711~3231



BRADY , TEXAS

MCCULLOCH COUNTY
WATER CONSERVATION
AND

DROUGHT CONTINGENCY PLAN

Appendix
D



INTRODUCTION

The City of Brady is a Home Rule City that underwent a complete Charter review
and modification in 1989. As provided by the Charter, the City is operated with
a Mayor/Council form of Government in which a Mayor and five (5) Council are
elected form the general public. The Mayor runs the Council meetings: however,
does not vote on matters. A1l matters relating to City activities from the
paving of streets to wastewater treatment plant renovations must be approved by
Council. A1l administrative functions and work approved by Council is carried
out by the City Manager.

The City of Brady provides water service to an area approximately 40 sguare
miles. It is the area granted toc the City of Brady under Texas Water Commission
certificate of convenience and necessity No., 11121. The area covered by this
certificate is the City of Brady, McCulloch County, Texas and areas immediately
adjacent to the City. It is more specifically identified on the Commission’s
official service area map, WRS-160 (Appendix A).

While population in Brady has had modest growth, the extension of water
service to new areas has put an extra demand on the delivery system to the point
that production is approaching capacity. The goals of the following Water
Conservation and Drought Contingency Plan are two fold:

1) Increased awareness of the value of the 1imited resource of water in a west
Texas c¢limate subject to periodic dry cycles.

2) With the limited financial resources of the community, utilize conservation
and drought contingency planning to delay capital expenditures for
replacement or additions to water service facilities.
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UTILITY EVALUATION

A. Population of service area - 7,800
B. Size of service area (estimated) - 40 square miles
C. Breakdown of connections in service area:

2450 ~ residential 429 - commercial 13 - industrial

D. Rate of new connections per year - 20 residential

E. Water use information:

1. Average annual production - 787,263,000 gal/yr.
2. Average monthly production ~ 65,605,000 gal/mo.
3. Monthly sales: January 1988 - December 1988

. Cammercial-
Residential Institutional Industrial Total
January 17,051,000 10,002,000 4,868,000 31,921,000
February 15,621,000 9,745,000 4,578,000 33,944,000
March 21,123,000 9,616,000 4,008,000 34,747,000
April 30,020,000 12,338,000 4,219,000 46,577,000
May 41,746,000 14,693,000 4,491,000 60,930,000
June 29,631,000 13,553,000 3,364,000 46,548,000
July 46,418,000 15,082,000 2.979.000 65,479,000
Auqust 40,975,000 14,983,000 4,851,000 €0.809,000
September 48,946,000 15,522,000 4,390,000 €8.858,000
October 31,845,000 13,723,000 4,754,000 20,322,000
November 25,885,000 11,124,000 3:536,000 40,545,000
December 19,735,000 10,620,000 5,005,000 35.360.000
Total 372,996,000 151,001,000 52,043,000 576,040,000
4. Peak daily use - 4,100,000 gpd
5. Peak to average use ratio - 2.19
G. Peak daily capacity - 5,529,600 gpd

H.

High Volume Customers:

WO DL WA
s e s e 8w % 4w

Roddie Wool Scouring - 36,315,000 gal/yr.
Loadcraft Inc. - 8,912,000 gali/yr.
Brady Independent School District - 7,570,000 gal/yr.

Housing Authority (Site E) - 4,922,000 gal/yr.

Leisure Lodge Inc. - 4,464,000 gal/yr.

Housing Authority (Site F) - 4,401,000 gai/yr.
Sunset Inn - 2,533,000 gal/yr.

C H W Corporation - 2,155,000 gali/yr.
Heart of Texas Racing, Inc. - 1,655,000 gal/vyr.



I. Population and water use projections - See Appendix B

J. Percent of metered connections

Residential - 100% Commercial - 100% Industrial - 100%

K. Existing water rate structure

Gallons In Town Qut of Town
1st 1000 $ 4.09 $ 6.14
2nd 1000 1.82 2,73
3rd 1000 1.37 2.05
4th 1000 1.37 2.056

> 4000 .80 1.20

L. Average annual revenue from water sales - $570,000
M. Average annual revenue from wastewater rates - $210,000
N. Average annual cost of operation - $100,000
0. Applicable local regulations
The only applicable regulations are those adopted by the Council.
P. Applicable State or Federal Regulaticns

The City of Brady is a Municipal Corporation of the State of Texas and,
therefore, must comply with rules of the following agencies:

TEXAS WATER COMMISSION
TEXAS WATER DEVELOPMENT BOARD
TEXAS DEPARTMENT OF HEALTH
ENVIRONMENTAL PROTECTION AGENCY

PUBLIC INVOLVEMENT

The City of Brady conducts council meetings on the first and third Tuesday of
the month. These meetings are subject to the open meetings laws; therefore,
interested parties are notified of the contents of the meeting and have the
opportunity to address the Council to make their views known.



WATER CONSERVATION PLAN

I. EDUCATION AND INFORMATION

The City of Brady will provide water conservation through a variety
of informational and educational means. The following are examples of programs

that will be utilized, subject to availability of material and success of the
program:

New Customers will receive a water conservation kit that includes
flow restrictors for shower heads, displacement bags for the water closet and dye
tablets for leak detection plus a one page flyer on water conservation expiaining
the general provisions of the water conservation and drought contingency plan and
the benefit to Brady plus conservation tips around the home.

Water Conservation Week will be declared by the Mayor or City
Council the first week of November, which is just prior to the three (3) month
pericd used to establish sewer rates. During that period:

The one page flyers will be mailed to all customers.
Several public service announcements will be aired on the radio.
Water conservation tips will be given to the newspaper.

Regular Infermation will be given to the radio and newspapers
regarding some aspect of water conservation or explaining how to utilize material
provided in the water conservation kit.

Youth Water Education and Conservation will be promoted by providing
films like "Water Follies” and "The Alternative Is Conservation” and other
audio/visual materials that may be appropriate to grades K-6 regarding water
conservation. It is intended this information will be provided to the schools

so that the teachers may utilize the material in their Earth Science or water
units.

Water Evaluatijon Test - A simple test will be developed and
distributed to customers twice a year the first year (1990) and once a year there
after. The test will be desighed to cover various aspects about the Brady water
system and general water use/conservation characteristics of West Texas. The
purpose of the test is threefold: 1) to determine how much the public knows
about Brady’s water system, use and conservation 2) areas where information is
lacking and more education should be targeted and 3) help promote water
conservation. A sample questionnaire is included in Appendix C.
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Additional Information will be available to interested parties
through a host of literature provided at City Hall, an extensive bibliography,
or in pre-printed brochures available from:

Texas Water Development Board
P.0O. Box 13231, Capital Station
Austin, Texas 78711-3231
{(Appendix D)

II. PLUMBING CODES

The City of Brady has adopted the Texas State Board of Plumbing
Examiners plumbing code; therefore, there is no specific set of regulations for
Brady. A water conservation amendment is included (Appendix F). New
construction and bathroom remodeling should be required to use toilets that use
no more than 3.5 gallons per flush. By 1995, the plumbing codes need to be
reviewed and amendments made as necessary. This work should be done under the
direction of the water/utility directors.

III. RETROFIT PROGRAM

Educational and informational programs will help notify local citizens
of the advantage of installing water saving devices. A proposed rate structure
cited below should help promote efficient water use,

Water conservation kits will be available at City Hall, Chamber of
Commerce and other specified locations for interested parties.

IV. WATER RATE STRUCTURE

At present, the City of Brady has a decreasing water rate structure.
A flat rate structure that has a minimum monthly service charge plus a uniform
rate for all water used will be adopted. This structure is consistent with
current utility regulatory practice. However, the final figures have not heen
determined as the City is having to consider a major capitol improvement program
for the entire water distribution system. Consequently, the City wishes to
evaluate all of the data and make the necessary changes once.

V. METERING

The City currently meters 100% of the customers. Currently the City
billing department notes abnormal usage patterns and reports them to the Water
Department. They are routinely replaced. A program is in place to replace all
master meters and eventually have chart recorders at each well to monitor pumpage
characteristics and demand current. The City will establish the following meter
testing schedule:



1) Production Meters - test once a year
2) Meters tlarger than 1" - test once a year
3) Meters 1" and smaller - test every ten years

VI. WATER CONSERVATION_ LANDSCAPING

To promote water saving landscaping literature will be available
describing the benefits and process of xeriscaping. Also local nurseries will

be contacted and asked to support this program by making available low water
demand vegetation suitable for the climate in this area.

The Water Conservation Plan Committee has been allocated a parcel of
City owned property to set up a xeriscape demonstration project.

VII. LEAK DETECTION AND REPAIR

The City is continually monitoring and repairing leaks. Examples of
ongoing and future efforts are:

1) Audits by the computer biiling program that identifies those
accounts that show abnormally high usage after a meter has been repaired or a
service call for a water leak has been indicated for that account.

2) Constant monitoring of facilities to look for leaks.

3) visual inspection by meter readers looking for conditions that
would suggest a leak.

4} Develop and implement a 10-Year program to examine entire
distribution system of City for leaks and replace as necessary.

5) Have Municipal Team from Texas Water Development Board visit City
to demonstrate technique for identifying leaks.

6) Consider purchase of "sniffer"” equipment that will aide in leak
detection.

VIII. RECYCLING AND REUSE

The City will enter into discussions with Roddie Wool Scouring Plant
regarding the possible use of treated effluent for the Plant. Currently the
Scouring Plant is the largest user of water from the Brady system. Other
potential customers for treated effluent are G. Rollie White Downs and recad
construction crews for dust containment.



IX. IMPLEMENTATION AND ENFORCEMENT

The water Conservation Plan will be enforced by the following
methods:

1) The plan will be adopted by City Council, then nen-compliance
will be handled in the same manner as other administrative functions.

2) City water hook ups will not be given to customers who do not
meet the requirements of the water conservation plumbing fixtures.

X. CONSERVATION PLAN ANNUAL REPORT

A committee should be appointed by the City Council to file an Annual
Report with the Executive Administrator of the Texas Water Development Board

addressing the progress and effectiveness of the Water Conservation Plan. The
report will include:

A. Public information which has been issued
B. Public response

C. An analysis of water consumption data and comments on the
apparent effectiveness of the Water Conservation Plan.

D. Implementation progress and status of Water Conservation Plan

XI. CONTRACTS WITH OTHER POLITICAL SUBDIVISIONS

Any contract with another potitical subdivision of the State of Texas
will be approved only if that entity adopts the City of Brady’s Wwater
Conservation and Drought Contingency Plan.
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DROUGHT CONTINGENCY PLANS

I. TRIGGER CONDITIONS

A. Level I - The Brady City Council may declare and direct the City
Manager to initiate Level I drought contingency plans under appropriate existing
conditions including the following:

1). Recent and projected climatic conditions are in the opinion of
the council to be conducive to excessive water system demands; and/or

2) Average daily water consumption reaches 90% of system design
capacity; and/or

3) Peak period water demand reaches 90% of system design capacity;
and

4) Water system components including production, storage, pumping
and distribution are operating within normal design 1imits.

B. Level II - The Brady <City Council may declare an emergency and
direct the City Manager to initiate Level II drought contingency plans under
appropriate existing conditions including the following:

1) Water system components including production, storage, pumping
an distribution are operating outside of normal design limits due to component
failure or diminished capacity; and/or

2) Average daily water consumption approaches 100% of design
capacity; and/or

3) Peak period water demand approaches 100% of design capacity;
and/or

4) Diminished service to any consumers results in service levels
outside of regulatory limits; and/or

5) An imminent threat to water systems components exists due to
natural or manmade disaster or imminent threat of component failure due to
service levels or physical condition.

II. DROUGHT CONTINGENCY MEASURES:

In order to try and flatten the peak demand curve, a two-tiered scheme
of water restrictions will be implemented by the City Manager as necessitated by
the conditions.

1. Step I is where the City Manager can restrict the use of water for
outdoor sprinkling, watering of lawns, shrubs, driveways and automobiles to
certain areas of the City by days and to certain hours. Said restrictions will
remain in effect until the City Manager 1lifts the restrictions. Mare
specifically stated shall be:



!

A. Inform the public through the news media that a trigger
condition Level I has been reached, and that they should look for ways to

voluntarily reduce water use. Specific steps which can be taken will be provided
thru the news media.

B. Notify major commercial water users of the situation and request
voluntary water use reductions:

C. The following mandatory lawn watering schedule shall be
implemented:

Customers with even numbered addresses may water on even days
numbers of a month. Customers with odd numbered addresses

may water on odd days of the month. Watering shall occur only
between the hours of 9:00 p.m. to 9:00 a.m..

D. During winter months, request water users to insulate pipes
rather than running water to prevent freezing; and

E. The City will begin monitoring water pressure in the
distribution system and water levels in the storage tanks.

2. Step II is where the City Manager will ban the use of water tctally
for outdoor sprinkling, watering lawns, shrubs, driveways and automobiles. Said
restriction will remain in effect until the City Manager 1ifts the ban. More
specifically stated as follows:

A. Continue implementation of all relevant actions in preceding
phase;

B. Ccar washing, window washing, pavement washing prohibited except
when a bucket is used:

C. The following public water uses, not essential for public health
or safety, are prohibited.

1) Street washing

2) Water hydrant flushing

3) Filling pools

4) Golf course watering

5) Athletic field watering

6) Commercial car/truck washes

3. The curtailment will be effective upon the City Manager's giving
notice of curtailment to the customers within the City; the posting of a notice
of curtailment and notifying the news media of curtailment and as stated in
Section III.

4, The curtailments will be terminated upon the City Managers giving
notice of termination.
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5. The City Council can amend, add or delete any of these Rules and

Regulations in the same manner they would handle an ordinance as provided in the
City Charter.

6. Any violation of the Rules and Regulations adopted by the City
shall carry a maximum penalty of $200 per violation.

In addition to the existing Drought Contingency Plan, the City will enact the
following Drought Contingency measures.

A. LEVEL ONE DROUGHT CONTINGENCY MEASURES

1. Inform public by giving notice of a Level I drought to the

customers within the City; the posting of the notice, and notifying news media
of the drought.

2. Included in the information to the public will be the
recommendation that water users look for ways to conserve water.

3. Public will be advised of the trigger condition situation daily.
4. The Step I curtailment will be enacted.
B. LEVEL TWO DROUGHT CONTINGENCY MEASURES
1. Public will be informed as mentioned above.
2. The Step I curtailment will be enacted.

3. Certain industrial and commercial water users which are not

essential to the health and safety of community will be prohibited from water
use.

4, Public will be advised of the trigger conditions daily.

ITI. INFORMATION AND EDUCATION

Once trigger conditions and emergency measures have been reached, the
public will be informed of the conditions, and measures to be taken. The process
for notifying the public includes:

A. Posting the Notice of Drought conditions at City Hall, Post Office,
Banks, Court House and major supermarkets.

B. General circulation of Newspapers.

C. Notifying local radio stations.
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D. Direct mailing to customers explaining need for provisions of
Drought Contingency Plan which will include steps to be taken to 1insure
compliance with the plan.

IV. TERMINATION NOTIFICATION

Termination of the Drought measures will take place when the trigger
conditions which initiated the drought measures have subsided, and an emergency
situation no longer exists. The public will be informed of the termination of
the drought measures in the same manner that they were informed of the initiation
of the drought measures through the City Manager.
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APPENDIX B

PROJECTED WATER REQUIREMENTS

Estimated Projected Projected Projected

Y ear Average Average Peak-Day Maximum-Hour
Population . Daily Usage Usage Usage (MGD)
(Planning Area) (MGD) {(MGD)

XXX Pop Pop X .0003 Pop X .0006 Pop X .0018

1989 7847 2.335 4.71 14.12

1990 7931 2.38 4.76 14.28

1991 7961 2.39 4.78 14.33

1992 7992 2.40 4.80 14.39

1993 8022 2.41 4.81 14.44

1994 8053 2.42 4.83 14.50

1995 8084 2.43 4.85 14.55

1996 8115 2.43 4.87 14.61

1997 8146 2.44 4.89 14.66

1998 8177 2.45 4.91 14.72

1999 8209 2.46 4.93 14.78

2000 8240 2.47 4.94 14.83

2001 8274 2.48 4.96 14.89

2002 8308 2.49 4.98 14.95

2003 8343 2.50 5.01 15.02

2004 8377 2.51 5.03 15.08

2005 8412 2.52 5.05 15.14

2006 8447 2.53 5.07 15.20

2007 8482 2.54 5.09 15.27

2008 8517 2.56 5.11 15.33

2009 8553 2.57 5.13 15.40

2010 8588 2.58 5.15 15.46



APPENDIX C

HOME WATER USE
SURVEY

Here is a chance for you to find out some information about your family’s water use. You may be able to

answer some questions yourself, but you will probably need to talk to the other members of your family in
order to complete all items.

GENERAL INFORMATION
1. What type of home do you live in? (check one)
house apartment/condominium mobile hcme

2. How many people are living at home?
3. What are the ages of the children living at home?

How many gallons of water were used in your home during the Jast billing pericd? (Ask your parent(s) to
show you the latest water bill).

5. How many days were there in that billing period?

SPECIFIC WATER USE - Qutside the House

1. What size is your lot compared with other lots on your street? (check one)
larger - the same smaller

2. What type of plants do you have? (check all that apply)
lawn or ground cover flowers and/or shrubbery
vegetable garden and/or fruit trees none

3. Outside watering for the months April to September (estimate).

number of watering minutes per day (total number of minutes each hose is run every
watering day).

number of watering days per week

SPECIFIC WATER USE -~ Inside the House

1. Dishwasher (answer only if you have one)
a. How many times per week is the dishwasher run?
b. How full is the dishwasher usually loaded?

fuil V2 full less than ¥z full

2. Washing Machine (answer only if you have one}
a. How many loads per week are usually washed?
b, How full is the washer usually loaded?

full V2 full less than 12 full
3. How many of each of the following do you have in your home?
sinks showers bathtubs toilets

. How many showers per week are taken in your house?

. How many tub baths per week are taken in your house?

How many minutes is your family’s average shower?

. How many times each day is a toilet flushed in your home?

- NI S TN

Is there any other place where a significant amount of water is used in and/or around your home?
(Examples: automatic sprinkiers, hot tub, pool, etc.)




APPENDIX D

— TEXAS WATER DEVELOPMENT BGARD
WATER CONSERVATION LITERATURE

Single copies of all of the following publications and materials can be obtained at no
charge. The * indicates those publications that are available free to political subdivisions
in small quantities. Larger quantities can be obtained through special arrangement or at the

cost of printing. To make a request, write: CONSERVATION, Texas Water Development Board,
Capitol Station, Austin, Texas 78711-3231

oy

— Agricultural Conservation Literature

= Title Published By Description Length
Agricultural Water Conservation TADB Pamphlet 8 pages
in Texas* with Tear-out
Have Your Irrigation System TWDB Pamphlet 4 pages
Evaluated Free*

- LEPA Irrigation* TWLB Pamphlet 6 pages
_ Drip Irrigation* TWDB Pamphlet 6 pages
Plastic Ruler* TWDB 6" x 1 1/4" -
~~ Furrow Dikes* ' HPUWCD #1 Pamphlet 4 pages

Soil Moisture Monitoring* HPUACD #1 Pamphlet 4 pages
——Center Pivot Irrigation TAEX Pamphlet 4 pages
Systems L-2219%*
T"Surge Flow Irrigation TAEX Pamphlet 4 pages
L-2220%
—Surge Irrigation¥ SCS Pamphlet 6 pages
Coloring Poster for Children* TWDB Coloring Poster 1 page
" Water Conservation Coloring Book* TWDB Booklet 4 pages

(No. 1)



Attachment A

Contents of the Municipal Water Conservation
Workshop Notebook

The notebook is distributed to participants at Board-sponsored Municipal Water Conservation
Workshops. 1In addition, single copies of the notebook can be provided to cities and
utilities. Single copies of selected materials fram the notebook can alsc be provided.

Title Published By Description Length
Section l: The Need for
Conservation

Texas Water Resources and TWEB Paper 38 pages
Conservation

Section 2: Water Conservation

Techniques

Efficient Use of Water in the TAEX Booklet 20 pages
Garden and Landscape (B-1496)
Xeriscape City of Austin Booklet 20 pages
Water Pressure Reducing Valves watts Regulator Booklet 21 pages
Texas Native Tree and Plant TDA Book 162 pages
Directory, 1986
Sources of Leak Detection TWDB List 2 pages
Equipment and Services
Sources of Water Saving Devices TWDB List 21 pages
Locating and Reducing Unaccounted  TWDB Guidebook 30 pages
For Water Through The Use Of
The Water Audit And Leak Detection
Water Rate Design Emphasizing TWDB Guidebook 30 pages
Conservation Rate Structures
Model Water Ordinances TWDB Guidebook 25 pages
The Authority of Cities, Water TWDB Guidebook 25 pages

Utilities, and Water Districts
to Regulate and Enforce Water
Conservation Measures



Section 3. Alternate Socurces

The Cost of Conventional Water
Supply Development and
Treatment

Potential for Utilization of
Brackish Groundwater

Guidelines for Water Reuse
EPA-600,/8-80-036

Section 4: Workshop Exercise

Example Problem

Section 5: Plan Elements

Guidelines for Minicipal Water
Conservation and Drought
Contingency Planning and
Program Development

Section 6: Plan Development

Water Conservation and Drought
Contingency Plan Development
Procedures

TWDB

EPA

Paper

Paper

Book

Loose-leaf

Loose-leaf

Loose-leaf

9 pages

21 pages

105 pages

15 pages

36 pages

58 pages



PUBLICATIONS AND AUDIOVISUAL MATERIALS
AVAILABLE FOR LOAN FR(M TEXAS
WATER DEVELOPMENT BOARD (TWDB) (a)

The following water conservation publications and audiovisual materials are available for a
loan of up to two weeks fraom TWOB. To borrow any of these write to: CONSERVATION, Texas
Water Development Board, Capitol Station, Austin, Texas 78711-3231,

Publications
Title Published By Description Length
Water Audit and Leak Detection California Book 142 pages
Guidebook Dept. of Water Res.
Example Brochures Campiled by Ringbinder 32 pages
and Promotional TWLB
Material
Regional Teachers Guide California Books Nos. 1-7
Supplements Dept. of Water Res.
Audiovisual Materials
The Alternative is Water Films 16mm Film 28 minutes

Conservation

Water Follies

Mnerican Water

VCR/VHS Format

l6mm Film

7.5 minutes

Works Assoc. VCR/VHS Format
(AWWR)
Orangutans AWWA 1émm Film 30 seconds

{Public Service Announcement)

Gooney Birds
(Public Service Announcament)

Tanks
(Public Service Announcemnent)

Spot Announcements

VCR/VHS Format
AWWA
VCR/VHS Format
AWWA
VCR/VHS Fommat

Lower Colorado
River Authority

VCR/VHS Fommat

16mm Film
VCR/VHS Format

lémm Film
VCR/VHS Format

Audio Cassette

30 seconds

30 seconds

30 seconds

(a) The films, video cassettes, and publications are provided for review purposes only.
Permission to use any of this material for print or broadcast must be obtained fram the

producer or publisher of the material.

-




Municipal Conservation Literature

Title

Water Half-A-Hundred Ways
To Save It*

Water Saving Ideas
For Business and Industry*

How To Save Water Outside
The Home*

How To Save Water Inside
The Home*

Toilet Tank Leak Detector
Tablets*

Municipal and Commercial Water
Conservation Services

A Homeowner's Quide To Water Use
and Water Conservation

Guidelines for Municipal Water
Conservation and Drought
Contingency Planning and
Program Development

How to Xeriscape

Texas Sesquicentennial Native
Plant Landscape

Municipal Water Conservation
Workshop Notebook :
(See Attachment "A" for a
Description of Contents)

Water Conservation Colering Book*
{(No. 2)

Published By

TWEB

NXC

TDA/TWDB

TWDB

Description
Pamphlet

Pamphlet
Pamphlet
Pamphlet

2 Tablets
Pamphlet with
Tear-out

Booklet

Loose-leaf

Pamphlet

Pamphlet

Notebook

Booklet

8 pages

8 pages

8 pages

8 pages

22 pages

36 pages

10 pages

8 pages

& sections

4 pages



Texas Water Resources and Planning Literature

Title

TWDB Report 294 - Surveys of
Irrigation in Texas

Summary of Water for Texas (C-20)
Water Planning in Texas

Texas Water Development Board
(Funding Programs)

Water For Texas (GP-4-1)

Volune 1 (Camprehensive Plan)
Volume 2 (Technical Appendix)

Texas Water Facts

Abbreviations:

Published By

TWDB

TDWR

TDWR

TWOB

TDWR

Description
Book

Pamphlet
Booklet

Pamphlet

Books

[Available for purchase only fram the
Texas Water Commission, P.0O. Box 13087
Austin, Texas 78711]

TOWR

Booklet

HPUACD #1 High Plains Underground Water Conservation District No. 1

NXC National Xeriscape Council, Inc.
SCs USDA -~ Soil Conservation Service
TAEX Texas Agricultural Extension Service
TDA Texas Department of Agriculture
TDWR Texas Department of Water Resources
TWDB Texas Water Development Board

Length
243 pages

8 pages
27 pages

4 pages

72 pages
530 pages

12 pages

-------ﬂ-ﬂmmmm».



APPENDIX E

A RESOLUTION ADOPTING THE CITY OF BRADY
WATER CONSERVATION AND DROUGHT CONTINGENCY PLAN

Whereas, To assure that there will be water for essential uses and to
avoid waste, either of this resource or of public funds used
in construction and operation of water facilities, a Water
Conservation and Drought Contingency Plan 1s necessary; and

Whereas, At the request of the City Council, the Citizen's water committee
has drafted such a plan; and

Whereas, The Council has reviewed said plan, found it to be consistent
with the goals and objectives of the City, and considers its
adoption to be in the best interest of the citizens of Brady.

BE IT THEREFQORE RESOLVED BY THE CITY COUNCIL OF THE CITY OF BRADY, TEXAS,

that the "Water Conservation and Drought Contingency Plan" attached here-
to be and is hereby adopted.

PASSED AND APPROVED this the day of ; 1990.

H.L. Gober, Jr.
Mayor

ATTEST:

Dorene Patterson, City Secretary



APPENDIX F

A RESOLUTION ADOPTING WATER CONSERVATION

PLUMBING CODES FOR THE CITY OF BRADY

WHEREAS, The City of Brady has adopted general guidelines as put forth in the
Texas State Board of Plumbing Examiners Plumbing Code; and

WHEREAS, The City of Brady desires to adopt certain standards that are
complimentary to the “"Water Conservation And Drought Contingency
Plan" adopted previously by the City Council; and

WHEREAS, At the request of City Council, The Citizen's Water Committee
has prepared such amendments; and

WHEREAS, The Council has reviewed said amendments, found them to be
consistent with the goals and objectives of the City, and considers
adoption to be in the best interest of the citizens of Brady.

BE IT THEREFORE RESOLVED BY THE CITY COUNCIL OF THE CITY OF BRADY, TEXAS, that

the “Water Conservation Plumbing Amendment” attached hereto be and is hereby
adopted.

PASSED AND APPROVED this the day of , 1990,

H. L. GOBER, JR.
MAYOR

ATTEST:

DORENE PATTERSON, CITY SECRETARY



WATER CONSERVATION PLUMBING AMENDMENTS

The following standards are to be used for new construction and remodeling of
bathroom areas:

101 - General

Automatic flushing devices of the siphonic design shall not be used to
operate urinals

102 - Water Closets

Water closets, either flush tank or flushometer operated, shall be
designed, manufactured and installed to be operable and adequately flushed with
no more than 3.5 gallons per flushing cycle.

103 - Urinals

Urinals shall be designed, manufactured and installed to be operable and
adequately flushed with nc more than 1.5 galions per flush.

104 - Lavatory Facilities

104.1 - Public Facilities

Faucets for public lavatories shall be equipped with outlet devices that
have self-closing valves to limit the flow of water.

104.2 - Private Facilities
Faucets for private Tavatories shall have aerators attached that reduce
the flow of water delivered.

105 - Shower Heads

Shower heads shall be installed with fiow restriction devices to 1imit the
flow of water delivered.



APPENDIX B

Radon Analysis Results
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*%COPY ~ CENTRAL OFFICE*:

WATER ANALYSIS REPORY PEG-03 MCCULLOCH
TEXAS DEPARTMINT OF HEALTH
DIVISIOUN OF WATER WYGTIENE

1100 &EST 49 TH STREET

AUSTIN, TEXAS 78756

BRADY CITY Of

P O BOXx 351
BRADY TX 76825

COLLECTOR REMARKS: 34 371 HICKORY 1:15
SOURPCcE: WgLL &3
DATE CCLLECTEDR 9/10/90 ODATE RECEIVED

CONSTITUENT NAME

RADON
NOT TESTED - LAB ACC

WATER SUPPLY #: 1540001
LABCRATORY NO: EP10D230
SAMPLE TYPE: RAW SAMPLE

P M
9/11/5g DATE RFPORTED 9/19/90
RESULT UNITS +/ -

PCI/L



*xCOPY - CENTRAL OFFICF

WATER ANALYSIS RFPORT REG-03 MCCULLOCH
TLXAS DEPAPTMENT OF HEALTH
LIVISION OF WwATER HYGIENE

11N8 wEST 49 TH STREET

AUSTIN, TEXAS 787%6

BRADY CITY of WATER SUPPLY #: 1540001

LABORATORY NO: EP10B231

SAMPLE TYPE: RAW SAMPLE
BRADY TX 76825

COLLECTOR REMARKS: 3B 371 HICKORY 1:15 PM
SOURCE: wgllL £3 -

DATE COLLECTED 9/10/93 paTe RECEIVED 9/11/93 DATE REPORTED 9719790

CONSTITUENT NAME RESULTY UNITS A

RADON 668.00 PCI/L 44,0
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PAGE *%xCOPY - CENTRAL OFFICEx
WATER ANALYSIS REPORT REG-03 MCCULLOCH

TEXAS DEPARTMENT OF HEALTH
UIVISION OF ~ATER HYGIENE
1i00 «EST 49 TH STREET
AUSTIN, TEXAS 7875¢

BRADY (ITY Cf WATER SUPPLY #: 1540001

LABORATORY NO: EP1D0232

SAMPLE TYPE: RAW SAMPLE
BRADY TX 76825

COLLECTOR KEMARKS: 4A 371 HICKOPY 1:27PM
SCURCE: WELL 84

DATE COLLECTeD 9/10/90 pATE RECEIVED S/11/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNTITS /-

RACGN £35.00 PCI/sL 38.0



*%xCOPy - CENTRAL OFFJICEx:
WATER ANALYSIS RFPORT REG-03 MCCULLOCH
TEXAS DEPARPTMENT OF HERALTH
DIVISIUN OF WSATER HYGIENE
11C0 «EST 49 TH STREET

AUSTTN, TEXAS 787%¢
BRADY (ITY CGF WATER SUPPLY a: 1540001
LASBORATORY NO: EP100233
P O EOX 35] SAMPLE TYPE: RAW SAMPLE
BRADY TX 76825

COLLECTOR RFMARKS: 43 371 HICKORY 1:28PM
SOURCE: WpLlL ub
DATE CULLECTED 9/10/9U DAT¢ RECEIVED 9/11/90 DAYE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNTTS +/ -

RADON 576.C0 PCI/L J9.0
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WATER ANALYSIS REPORT PEG-03 MCCULLOQCH
TEXAS NDEPARTMENT OF HERLTH
UIVISTION COF WATER HYGIENE

1100 wEST 49 TH STREET

AUSTIN, TEXAS 78756

BRADY CITY OF WATER SUPPLY 4: 1540001

LABORATGRY NO: EP10D234

P G BOA 351 SAMPLE TYPL: RAW SAMPLE

BRADY TX 76825

COLLECTOR REMARKS: 5A 371 HICKORY 2:41PM
SOURCE: WELL #°%5

DATE CCLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/1%9/%0

CONSTITUENT NAME RESULT UNITS -

RADON S587T.0D0 PCI/L 39.0

*%COPY - CENTRAL OFFICEx
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*xC0PY - CENTRAL OFFICEx

WATER ANALYSIS RFPORT REG-D3 MCCULL OCH
TEXAS NLPARTMENT OF HEALTH

ODIVISTULN OF WATER HYGIENE

1100 WEST 49 TH STREET

AUSTIN, TEXAS 78756

BRADY CITY oF WATER SUPPLY #: 1540001

LABCRATORY NO: EP100235
P 0O BOx 351 SAMPLE TYPE: RAW SAMPLE
BRADY TX 76825

COLLECTOR REMARKS: 58 371 HICKORY 2:41PM
SCURcE: WpLL 45

GATE COLLECTED 9/10/90 DATE RECEIVED 9/11/93 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -~

RADCN 641.00 PCI/L 44,0

R
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*xCOPY -~ CENTRAL OFFICE=
WATER ANALYSIS REPORT REG-C3 MCCULLOCH

TEXAS DEPARTMENT OF HEALTH
UIVISICN OF WATER HYGTENE
1100 WEST 49 TH STREFT
AUSTIN, TEXAS 78756

BRADY (CITY OF WATER SUPPLY #: 1540001

LABORATORY NO: EP100236

SAMPLE TYPE: PLANT
BRADY TX 76825

COLLECTOR REMARKS: SA-kD 371 HICKORY 2:22PM
SOURCE: WELL #S

DATE CCLLECTED 9/10/90 pATE RECEIVED 9/11/90 DATE REPORTED $/19/%0

CONSTITUENT NAME RESULT UNITS +/ -

RADCN

PCI/L
NOT TESTED — LAB ACC



CAGE 3 *#COPY - CENTRAL OFFICE
WATER ANALYSIS RCPORT REG-03 MCCULLOCH
TEXAS DEPARTMENT OF HEALTH
DIVISION NF WATER HYGIENE
1100 WEST 49 TH STREET
AUSTIN, TEXAS 7875¢

BRADY CITY Of WATER SUPPLY s: 154000)

LABORATORY NO: EP10D237

F 0 BOx 251 SAMPLE TYPE: PLANT

BRADY TX 76825

COLLECTOR REMARKS: S8-wD 371 HICKORY 2:22PK
SOURCE: WgLL %5

DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADUGN

PCI/L
NOT TESTED - LAB ACC
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PAari 1 *%xCOPY - CENTRAL GFFICE#
WATER ANALYSIS REPORT PEG-03 MCCULLOCH

TEXAS DEPARTMENT OF WEALTH

UINISION OF WATER HYGIENE

1100 “EST 49 TH STREET

AUSTIN, TEXAS 7875¢
BRADY CITY Of WATER SUPPLY #: 1540001
LAGORATORY NO: EP1D023&
P 0 BOX 351 SAMPLE TYPE: RAW SAMPLE
BRADY TX 76825

COLLECTOR REMARKS: TA 371 HICKGRY 1:42PHM
SOURCE: WELL #7

DATE COGLLECTED 9/10/9C pDATE RECEIVED 9/11/9C DATE RFPORTED 9/19/9C
CONSTITUENT NAME RESULT UNITS +/ -
RADON

PCI/L
NOT TESTED - LAB ACC
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*%CO0PY - CENTRAL OFFICEx%

WATER ANALYSIS REPORT REG-03 MCCULLOCH
TEXAS DEPARPTMENT OF HEALTH
CIVISIGN OF WATER HYGIENE

1100 «EST 49 TH STREFT

AUSTIN, TEXAS 78756

BPADY CTTY Of WATER SUPPLY #¥: 1540001

LAEQRATORY NO: EP100239

P O BOK 351 SAMPLE TYPE: RAW SAMPLE

BRADY TX 76825

COLLECTOR REMARKS: 73 371 HICKQORY 1:43PM
SQUPCE: WELL #7

DATE CULLECTED ¢/10/90 DATE RECEIVED 9/11/90 D0DATE REPORTED 9s19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADGN

PCI/L
NOT TESTED - LAB ACC



FLOE *%C0PY - CENTRAL OFFICE=x
WATER ANALYSIS REPORT REG-03 MCCULLOCH

TEXAS DLPARPTMENT QF HEALTH
CIVISIGN OF WATER HYGIENE
1108 «EST 49 TH STREET
AUSTIN, TEXAS 7875¢

BRADY LAKE WATER SYSTEM
Cs0 CITY OF BPRADY
PC BRCX 351

SRADY TX 76825

WATER SUPPLY &: 154006065
LABORATORY NG: EP100242
SAMPLE TYPE: RAW SAMPLE

COLLECTOR REMARKS: 6A 371 HICKORY 3:15PM
SOURCE: WELL #56

DATE CCLLECTED 9/1Crs90 pATE RECEIVED 9/1179g DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADON 456.00 PCI/L 39.0



**COPY — CENTRAL OFFICE
WATER ANALYSIS REPORT REG-03 MCCULLOCH
TEXAS DEPARTMENT OF HEALTH
UIVISIUN OF WATER HYGIENE
1160 WEST 49 TH STREET
AGSTIN, TEXAS 78756

SRADY LAKE WATER SYSTEM WATER SUPPLY #: 1540005
Cs0 CITY OF SRADY

" LABORATORY NO: EP100243
PO BCX 353 SAMPLE TYPE: RAW SAMPLE
BRANY TX 76825

COLLECTOR REMARKS: 63 371 HICKORY 3:15PM
SCURLE: WELL #6

DATE CCOLLECTED 9/1n/90 DATE RECEIVED 9/11/9g DATE REPORTED 9/19/9C

CONSTITUENT NAME RESULT UNITS +/ -

RADON 506.00 PCL/L 40.0

#
S G &S N B G B N e B B D BN G BN B & .



PACL
WATER ANALYSIS REPORT
TEXAS DLPARTMENT OF HEALTH
DIVISIGN OF WATER HYGIENE
1100 WEST 49 TH STREET

*%COPY - CENTRAL OFFICEx
PEG-03 MCCULLOCH

AUSTIN, TEXAS 78756

BRADY LAKE WATER SYSTEM WATER SUPPLY #: 1540005
€Cs/0 CITY OF BLRADY LABORATORY NO: EPIDO244
PO BOX 351 SAMPLE TYPE: RAW SAMPLE
ERADY TX 76825

COoLLECTOR REMARKS: BA 371 HICKORY 3:07PM

SOURCE: WELL #8

DATE COLLECTED 9/10/90 pDATE RECEIVED 9/11/9g DATE REPORTED 9/19/90
CONSTITUENT NAME RESULT UNTTS +/-
RADGN 558.00 PCT/L 44,0



PLOE ] *%COPY - CENTRAL OFFICE=%
WATER ANALYSIS REPORT REG-C3 MCCyLLOCH
TEXAS DLPARTMENT OF HEALTH
UIVISTUN CF wATER HYGIENE
1100 EST 49 TH STREFT
AUSTIN, TEXAS 718756
BRADY LAKE WATER SYSTEM WATER SUPPLY 4: 154000s
Csr0 CITY OF LRADY LABORATORY NO: EP100245
PC PCX 351 SAMPLE TYPE: DISTRIBUTION
BRADY TX 76825

COLLECTOR REMARKS: 8B 371 HICKORY 3:07PM
SOURCE: WELL %8

DATE CGLLECTED 9/10/90 paTE RECEIVED 9/11/9g DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADUN 663.00 PCI/L 51.C




EDEN CITY OF

P O BOX 915

EDEN TX

COLLECTOR REMARKS:
SOUPCE: WglLL #1
OATE CCLLECTED

CONSTITUENT NAME

RATGN

9/12/90C

WATER ANALYSIS REPORT

*xCOPY ~ CENTRAL OFFICE#:
REG-03 CONCHO

TE XAS DEPARTMENT OF HEALTH

DIVISICN OF

WwATER HYGIENE

11080 WEST 49 TH STREET

AUSTIN,

76837

1A EDEN 12:05PM

DATE RECEIVED

TEXAS

T875¢

WATER SUPPLY #: 0480001
LABORATORY NO: FP10D316
SAMPLE TYPE: RAW SAMPLE
9/13/90 DATE REPORTED 9/19/90
RESULT UNITS /-
696.L0 PCT/L 46.0



PAGL i

WATER ANALYSIS REPORT REG-03 CONCHO
TEXAS DEPARTMENT OF HEALTH
UIVISION OF WATER HYGIENE

1100 WEST 49 TH STREET

AUSTIN, TEXAS 78756

EDEN C1TY OF WATLR SUPPLY #: 0480001

LAEBORATORY NO: EP10O0317

P 0 80X 915 SAMPLE TYPE: RAW SAMPLE

EDEM X 76837

COLLECTOR REMARKS: 1B EDEN 12 :05PM
SOURCE: WEgLL #®1

DATE CCLLLECTED 9/12/903 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADON 647.00 PCI/L 46.0

*xC0®Y - CENTRAL OFFICE

¥

#* P

N N N N N B I S IS A T EE N W N e R W



PACL

EDEN

P O BO¥Y 915

EOEN

1 *%CO0PY - CENTRAL COFFICE=»
WATER ANALYSIS REPORT REG-03 CONCHO
TEXAS DEPARTMENT OF HEALTH
ODIVISIUGN OF WATER HYGIENE
1100 wWEST 49 TH STREET
AUSTIN, TEXAS 7875¢

CiTY OF WATER SUPPLY #: 0480001

ILABORATORY NO: EP10G318

SAMPLE TYPE: RAW SAMPLE
TX T6B37

COLLECTIOR REMARKS: 2A EDEN 11:50AM
SOURcE: WglLL %2

DATE COLLECTED 9/712/90 pATE RECEIVED 9713793 DATE REPORTED 9/19/9C

CONSTITUENT NAME RESULT

RADGON

UNITS +/-

422.C0 PCI/L 37.0



PAGE 1 *xCOPY - CENTRAL GFFICE
WATER ANALYSIS REpQRT REG-C3 CONCHO
TEXAS DEPARTMENT OF HpALTH
DIVISION COF WATER HYGIENE
1100 =EST 49 TH STREFT
AUSTIN, TEXAS 78756
EDEN C1TY OF WATER SUPPLY #: 0480001
LABORATORY NC: EP100319
P C EOX 915 SAMPLE TYPE: RAW SAMPLE
EDEN X 76837

COLLECTOR REMARKS: 28 E£DEN 11 :S0AM
SOURCE: wELL #2

DATE COGLLECTED 9/12/90 pATE RECEIVED 9/13/93 DATE REPORTED 9/19/9C

CONSTITUENT NAME RESULT UNTTS /-

RADON 3I78.C0 PCI/L 38.0

#



-

PAGL **C02Y — CENTRAL OFFICE=%
WATER ANALYSIS REPORT PEG-03 CONCHO

TEXAS DLPARTMENT OF HEALTH
UIVISIGN OF WwATER HYGTENE
1100 ~EST 49 TH STREFT
AUSTIN, TEXAS 78575¢

EDEN CITY CF WATER SUPPLY #: D4800D01

LABCRATORY NO: FEP1DO320

P C EOX 91% SAMPLE TYPE: RAW SAMPLE

EDEN TX 76837

COLLECTOR REMARKS: 34 EDEN 12 :18PM
SOURCE: WELL #3

CATE COLLECTED 9/12/90 pATE RECEIVED 9/13/93 DATL REPORTED 9/19/9%0

COCNSTITUENT NAME RESULTY UNITS */ -

RACON 811.00 PCI/L 56.0




PLGL |

#*%C0PY - CENTRAL OFFICE

WATER ANALYSIS REPORT PEG-03 CONCHO
TLXAS DCPARTMENT OF HEALTH
DIVISTON OF WwATER HYGJIENE

1100 WEST 49 TH STREET

AUSTIN, TEXAS TE8756

EDEN CITY OF WATER SUPPLY #: 0480001

LABORATORY NO: EP1OO321

P 0 BOX 915 SAMPLE TYPE: RAW SAMPLE

EDEN TX T6837

COLLECTOR REMARKS: 3B EDEN 12:18PM .
SOURCS: WELL #72

CATE CCLLECTED 9/12/90 pATE RECEIVED /12793 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS /-

.
E I B G B B G aE B N aaE E EE D Bk I e
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=
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*%CGPY - CENTRAL OFFICE=x
WATER ANALYSIS REPORT PEG-N3 CONCHO

TEXAS NDEPARTMENT OF HEALTH
UIVISIGN OF WATER HYGIENE
1100 «EST 49 TH STREET
AUSTIN, TEXAS 78756

EBEN CI1TY OF WATER SUPPLY #: 0480003

LAEGRATORY NO: EP100322

F O BOX 915 SAMPLE TYPE: RAW SAMPLE

EDEN TX 16837

COLLECIOR REMARKS: A EDEN 12 :24FM
SOURCE: WELL #4

DATE COLLECTED 9/12/90 QATE RECEIVED 9/13/90 DATE RFPORTED ©/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADGN 720.00 PCI/L 51.0



FAGE

EDEM

P OB
EDBEN

COLLE

SOUPCE: WELL #4

RADON

DATE COLLECTED /7 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90
CONSTITUENT NAME RESULT UNITS /-
611.00 PCI/L 5.0

N *%COPY - CENTRAL CFFICES
WATER ANALYSIS REPORT REG=N3 CONCHO
TEXAS DEPARTMENT OF HEALTH
UIVISION OF WATER HYGIENE
1100 WEST 49 TH STREET
AUSTIN, TEXAS 78756
CIiTY oOF WATER SUPPLY #: 0480001
LABORATORY NO: FEP100323
Ox 915 SAMPLE TYPE: RAW SAMPLE
TX 76837
CTOR REMARKS: RADON)48 EDEN 12:24PM



EDEN CITY OF

P O BOXx %15

EDEN TX

COLLECTOR REMARKS :
SOURCE: WELL #5S
DATE CULLECTED

CONSTITUENT NAME

RADON

9/12/9GC

WATER ANALYSIS REPORT

*#CGPY - CENTRAL OFFICE %
RES5-N3  CONCHO

TEXAS DEPARTMENT OF HEALTH

OIVISTUN OF WATER HYBILCNE
1100 wEST 49 TH STREET
AUSTIN, TEXAS 78756
WATER SUPPLY &%: OQOus0QD1
LABORATORY NO: FEP100324
SAMPLE TYPE: RAW SAMPLE
76837
SA EDEN 12:29PM
DATe RECEIVED 9/12/9p DATE REPORTED 9/19/9Q
RESULT UNTTS /-
672.00 PCI/L 48.0



PAGE 1

*COPY - CENTRAL OFFICE =

WATER ANALYSIS REPORT REG-03 CONCHO
TEXAS DLPARTMENT OF HEALTH
CIVISION OF WJATER HYGIENE

1100 WEST 49 TH STREET

AUSTIN, TEXAS 76756

EDEN CITY OF WATER SUPPLY #: 0480001

LABORATORY NO: EP10G32S

P 0 BOx 915 SAMPLE TYPE: RAW SAMPLE

EDEN TX 76837

COLLECTOR REMARKS: S8 EDEN 12 :29PM
SOURCE: WELL #5

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/790 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RACUN 634.00 PCI/L 44.0

al
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gy



PAGL

4

EDEN CITY OF

P C BOX 915

EDEN

COLLECTOR REMARKS :
SOURCE: WELL #6

DATE CCLLECTED

CONSTITUENT NAME

RADCN

76837

9/12/9C

*xCO0PY - CENTRAL OFFICEx
WATER ANALYSIS REPORT REG-N3 CONCHO

TEXAS NEPARTMENT OF HEALTH
UIVISION OF WATER HYBIENE
1100 wEST 49 TH STREFT
AUSTTIN, TEXAS 78756

WATER SUPPLY #: 048000}
LAECRATCGRY NO: EP10D0326
SAMPLE TYPE: RAW SAMPLE

6A EDEN 12:50PM

DATE RECEIVED S/13/90 DATE REPORTED 9/19/90

RESULT UNTITS +/ -

17600 PCI/L 26.0




FACE i

*%COPY - CENTRAL CFFICE

WATER ANALYSIS RFPORT REG-03 CONCHO
TEXAS DEPARTMENT OF HEALTH
GIVISIGN OF WATER HYGIENE

1100 wEST 49 TH STREET

AUSTIN, TEXAS 78756

EDEN CITY oOF WATER SUPPLY &: O04800D]1

LABORATORY NO: EP100227

P C &Ca 915 SAMPLE TYPE: RAW SAMPLE

EDEN TX 16837

COLLECTOR REMARKS: 65 EDEN 12 :50PM
SOURCF: WELL u6

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/99 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

KADON 166.00 eCI/L 25.0

* .
E T O a B R B G U B A BN I B R R EE



CACE *%COPY - CENTRAL OFFICE=x
WATER ANALYSIS REPORT REG~-03 CONCHO
TEXAS DEPAPTMENT GF HEALTH
DIVISION OF WATER HYGILNE
11C0 wEST 49 TH STREET
AUSTIN, TEXAS 7875¢

EDEN CITY QF WATER SUPPLY d4: 0480001

LABORATORY NO: EP1DO328

SAMPLE TYPE: PpLANT
EDEN TX 76837

CCLLECTOR RpEMARKS: 10A EDEN COCLING TOWER EF
SCQURcE: WELL #2&6

OATE COLLECTED 9/12/9C pATE RECEIVED 9713790 DATE REPORTED 9/19/%C

CONSTITUENT NAME RESULT UNITS +/ -

RADGM < 100.C0 PCI/L



PAGE

EDCK

P C &
EDEN

i «xCOPY - CENTRAL CFFIcCE
WATER ANALYSIS REPORT REG-03 CONCHO

TEXAS DEPARTMENT OF HEALTH
LIVISION OF WATER HYGICNE
1100 “EST 49 TH STRECT
AUSTIh, TEXAS 78756

CITY CF WATER SUPPLY #: Q480GO}

LABORATORY NO: FEP10032%

0Xx 915 SAMPLE TYPE: PpLANT

TX 76837

COLLECTOR REMARKS: 10B EDEN COOLING TOWER EF
SOURCE: WELL #2&é

DATE COLLECTED 9/12/93 DATE RECEIVED 9/13/90 DATE REPORTED S/19/90

CONSTITUENT NAME

RACGN <

RESULT UNTITS /-

100.00 PCI/L

#
]
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FAGE i

WATER ANALYSIS RFPORT
TEXAS DEPARTMENT 0OF HEALTH
CIVISION OF WATER HYGIENE

1100 WEST 49 TH STREET

AUSTIN, TEXAS

LIVE OaK HILLS SUPDIVISION
C/C ¥ J W“OOTLN

1C8 wEST GRAYSON

LLANC X 78643

COLLECTOR REMARKS: 1A LIVE GAK 4:25PM

SOURCE: WELL #1

UOATE CCLLLECTED 9/10/90 pa¥E RECEIVED
CONSTITUENT NAME

RADON

78756

x*xCOPY

- CENTRAL OFFICE=

REG-03 MCCQLLOCH

WATER SUPPLY ¥: 1540012
LABCRATORY NO: EPI1DO24E
SAMPLE TYPE: RAW SAMPLE

9/11/93 DOATE REPORTED 9/19/90

RESULT

547,00

UNITS

PCI/L

+/ -

43.0



*%COPY - CENTRAL OFFIcE
WATER ANALYSIS REPORT PEG-C3 MCCULLOCH
TEXAS DEPARTMENT OF HEALTH
DIVISIGN OF WATER HYGTENE
11C0 AEST 49 TH STREET
AUSTIN, TEXAS 78756

LIVE OaK HILLS SURDIVISION
Cs70 M J WCOTEN

108 WEST GRAYSON

LLAMNG TX 78643

WATER SUPPLY #: 1540012
LABORATORY NO: EP1DD241
SAMPLE TYPE: RAW SAMPLE

COLLECTOR REMARKS: 13 LIVEGAK 4:25PM
SOURCE: WELL #1

DATE COLLECTED 9/ 1/90 pATE RECEIVED 9/11/93 DATE REPORTED 9/19/%0

CONSTITUENT NAME RESULT UnITS +/ -

RACCN 522.00 PCI/L 43,0

* S
al G S E N BN IR B O a0 a0 N D B B R B e



FAGE ) *xCOPY - CENTRAL OFFICExX
WATER ANALYSIS RFPORT REG-D1 SAN SABA

T XAS DEPARTMENT OF HERALTH
GIVISION OF WATER HYGTIENE
1100 SEST 49 TH STREET
AUSTIN, TEXAS 7875€

NORTH SAN <AbA WSC

WATER SUPPLY #: 2060003
PeGeapOX 5623

LABORATORY NO: EP1D022%8

SAMPLE TYPE: RAW SAMPLE
SAN SALEA TX 176877

COLLECTOR REMARKS: 1A 371 HICKORY 10:22 AM
SCURCE: WELL #1

DATE COLLECTED 9/10/90 DATL RECEIVED ©9/11/90 DATE REPOQRTED &/1%9/%90
CONSTITUENT NAME RESULT UNITS +/-
RAOCN

770.¢€0 PCI/L 51.0




PACE 3%C0PY — CENTRAL CFFICE s
WATER ANALYSIS REPORT REG-01 SAN SABA
TEXAS DEPARTMENT OF HEALTH
UIVISION OF WATER HYGTEINE
1100 =ESY 49 TH STREFT
AUSTIN, TEXAS 78756
NORTH SAN gABA WSC WATER SUPPLY #: 2060003
P.0.EOX 568 LABORATORY NO: EP100229
SAMPLE TYPE: RAW SAMPLE
SAN SABA X 76877
COLLECTOR REMARKS: 1B 371 HICKORY 10:23 AM
SOURCE: WELL 41
DATE COLLECTED 9/10/90 DATE RECEIVED 9/11/90 DATE REPORTED 9/19/90
CONSTITUENT NAME RESULT UNITS /-
RAD ON 726.00 PCI/L 47.0



"AGE 1 *%CO0PY - CENTRAL OFFICE=»
WATER ANALYSIS RFPORT REG-03 MCCULLOCH
TEXAS DEPARPTMENT OF HEALTH
DIVISIUN OF WATER HYGIENE
1103 WEST 49 TH STREFT

AUSTIN, TEXAS TETS¢

RICHLAND WSC = BRADY SYSTEM
C/0 LAKRY COTTRELL - PRESIDENT
P O BOX 217

RICHLAKD SPRING TX 76877

WATER SUPPLY #: 1540608
LABORATORY NO: EP100224
SAMPLE TYPE: RAW SAMPLE

COCLLECTOR REMARKS: #1A 371 HICKORY &:47 AM
SOURCE: WELL =#1

DATE COGLLECTED 9/10/90 DATE RECEIVED $/11/90 DATE RFPORTED 9719790

CONSTITUENT NAME RESULT UNITS +/ -

RADON 610.00 PCI/L 40.0



TAGE 1 *2CO0PY - CENTRAL OFFICE
WATER ANALYSIS REFPORT PEG-C3 MCCULLOCH
TEXAS DEPARTMENT OF HEALTH
UDIVISIGN OF WATER HYGILNE
1100 »EST 49 TH STREFET
AUSTIN, TEXAS 78756
RICHLAND WSC - BRADY SYSTEM WATER SUPPLY #: 1540008

C/0 LARRY COTTRELL - PRESIDENT
P O BOX 217
RICHLAKD SPRING TX 76817

LABORATORY NO: EP10022%
SAMPLE TYPE: RAW SAMPLE

COLLECTOR REMARKS: 15 371 HICKORY 8:48AM
SOURCE: WELL #1

DATE COLLECTED 9/10/90 ODATE RECEIVED 9/11/90 DATE REPORTED $/19/%0

CONSTITUENT NAME RESULT UNITS +/ -

RADGN 708.00 PCI/L 4s.0

g s
N R ) N B D IR & OB N an e n Ol E e M B8 T e



PACL

MELVIN
PO BOX

MELVIN

COLLECTOR REMARKS:

i

SOURCE :
DATE CCLLECTED

CONSTITUENT NAME

RADON

c17Y oF
777

WELL #1

9/12/9C

WATER ANALYSIS REPORT
TEXAS DEPARTMENT OF HEALTH
ODIVISION OF WATER HYGIENE

1100 WEST 49 TH STREET

*%CoPY — CENTRAL OFFICE=x
REG-03 MCCULLOCH

AUSTTIN, TEXAS 7875%¢€
WATER SUPPLY #: 15400032
LABEORATORY NO: EP100312
SAMPLE TYPE: RAW SAMPLE
76858

1A MELVIN 10:29AM

DATE RECEIVED 9/13/950 DATE REPORTED 9/19/9C
RESULT UNTTS /-
I43.00 PCI/L 32.0




PACLE : *%*COPY - CENTRAL OFFICE
WATER ANALYSIS REPORT PEG-03 MCCULLOCH

TEXAS DEPARTMENT OF HEALTH
OIVISION OF WATER HYGIENE
1100 A~ESY 49 TH STREET

AUSTIN, TEXAS 78756

MELVIN CITY ¢f
PO B20X 777

WATER SUPPLY %: 1540003

LARORATORY NO: EP100313
SAMPLE TYPE: RAW SAMPLE
MELVIN 76858
COLLECTOR REMARKS: 18 MELVIN 10:29AM
SOURCE: WELL #1
DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/9g DATE REPORTED 9/19/90
CONSTITUENT RESULT UNITS +/-
RAGON 293.C0 PCI/L 30.0

e
S I N Y BN N T R R A A O A S EE EE e



PAGE ]

WATERP ANALYSIS REPORT REG-03

TEXAS DLPARTHMENT OF HEALTH
OIVISTUN OF WATER HYGIENE

1160 &EST 49 TH STREET

*%COPY - CENTRAL OFFICE>

MCCULLOCH

AUSTIN, TEXAS 78756

MELYIN CITY Gr WATER SUPPLY #: 1540003

PO BOX 777 LARORATORY NO: EP100314
SAMPLE TYPE: RAW SAMPLE

MELVIN TX 76858

COLLECTOR REMARKS: 2A MELVIN 10:48AM

SCURCE: WELL #2

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/-

RADON < 100.00 PCI/L



FAGE |

MELVIN CITY CF
PO ECX 777

MELVIN

COLLECTOR REMARKS:
WELL &2

SCURCE:
DATE COLLECTED

CONSTITUENT NAME

RADCN

WATER ANALYSIS RFPQRT

REG-03 MCCULLOCH
TEXAS DEPARTMENT OF HEALTH
DIVISION OF WATER HYGIELNE
1100 «EST 49 TH STREET
AGSTIN, TEXAS 787%¢
WATER SUPPLY g: 1550003
LAPORATORY NO: EP10031S
SAMPLE TYPE: RAW SAMPLE
TX 76858
28 MELVIN 10:48AM
$/12/90 [QATE RECEIVED 9/13/90 DATE REPORTED 9719790
RESULT UNITS +/ -
< 100.00 PCI/L

=xCOPY - CENTRAL OFFICE=



PAGE 1 *%COPY - CENTRAL OFFICE:
WATER ANALYSIS REPORT RPEG-03 CCNCHO

TEXAS DEPARTMENT OF HEALTH
DIVISION OF WATER HYGIENE
1100 WEST 49 TH STREET
AUSTIN, TEXAS 78756

MPILLERVIEX-COOLE WSC WATER SuPPLY w: 0480015
Cs70 V C “HITWORTH - PRESIDENT LABORATORY NO: EPI10D30D6
P C BGX 121

SAMPLE TYPE: RAW SAMPLE
MILLERSVIEW TX 76862

COLLECTOR REMARKS: 2A MILLERSVILLE DOOLE
SOURCE: WplLL #2

DATE COLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED $/19/90

CONSTITUENT NAME RESULT UNITS /-

RADGON 547.00 PCI/L 39.0



PAGL 1

**COPY - CENTRAL OFFICE

WATER ANALYSIS REPORT REG-03
TEXAS DEPARTMENT OF HEALTH
DIVISION OF WATER HYGIENE

1100 wEST 49 TH STREFT

AUSTIN, TEXAS 7875¢

CONCHoe

MILLERSVIEW={;00LE WSC WATER SUPPLY #: Q480015
C/0 V C WHITWORTH - PRESIDENT LABORATORY NO: EP100307
P 0 BOX 121

SAMPLE TYPE: RAW SAMPLE
MILLERSVIEW TX 76862

COLLECTOR REMARKS: 2B MILLERSVILLE DOOLE
SOURCE: WELL #2

DATE COLLECTED 9/12/90 DATE RECEIVED 9713790 DAYE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS /-

RADON 598,00 PCI/L 4i.0



SAGE 1 *%COPY - CENTRAL OFFICEs
WATER ANALYSIS REPORT PEG-D3 CONCHp

TEXAS DEPARTMENT OF HEALTH
DIVISION OF WATER HYGIENE
1100 #EST 49 TH STREET
AUSTIN, TEXAS 78756

HILLERSMYIEW-COOLE WSC

Cs70 V C WHITWORTH - PRESIDENT
P 0 BOX 121

MILLERSVIEW TX 76862

WATER SuUuPPLY u#: 048CQ01S
LABCRATORY NO: EP100308
SAMPLE TYPE: PLANT

COLLECTOR REMARKS: 3A&-WD MILLERSVILLE DOOLE
SOURCE: WgLL #3

DATE COLLECTED 9/12/90 DATE RECEIVED $/13/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT © UNITS /-

RADGN 31l.00C PCI/L 34,0



PAGE 3
WATER ANALYSIS REPORT PEG-03 CONCHQ
TEXAS DEPARTMENT OF HEALTH
OIVISTION OF WATER HYGIENE
1100 WEST 49 TH STREET
AUSTIN, TEXAS 78756

MILLERSVIEW-[OOLE WSC

Cs/0 v C WHITWORTH - PRESIDENT
P O BOX 121

MILLERSVIEW X 76862

WATER SUPPLY n: O0ugDpo1l1s
LABORATORY NO: EP100309
SAMPLE TYPE: pLANT

COLLECTOR REMARKS: 38-wD MILLERSVILLE DOOLE
SOURCE: WELL #3

DATE CGLLECTED s/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNTTS +/ -

RADON 287.00 PCI/L 31.0

**COPY — CENTRAL OFFICE«



J—

PAGE | *%COPY - CENTRAL OFFICEx
WATER ANALYSIS REPORT REG-03 CONCHO

TEXAS DEPARTMENT OF HEALTH
UIVISION OF WATER HYGIENE
1100 wEST 49 TH STREET
AUSTIN, TEXAS 78756

MILLERSVIEW-COOLE WSC WATER SUPPLY #: 0Ou480D15
Cs/70 V L WHITWORTH - PRESIDENT LABORATORY NO: EP100310
P 0 BOX 121

SAMPLE TYPE: RAW SAMPLE
MILLERSVIEW A TX 76862

COLLECTOR REMARKs: 3A MILLERSVILLE DOOLE
SOURCE: WglL 83

OATE COLLECTED 9/12/9U OATE RECEIVED 9/13/90 DATE REPORTED 9/19/%0

CONSTITUENT NAME RESULT UNITS +/ -

RADON 634.00 PCI/L 45.0



PAGE 1

*2CUPY — CENTRAL CFFICE»

WATER ANALYSIS REPORT REG-03 CONCHg
TEXAS DEPARTMENT OF HEALTH
DIVISION OF WATER HYGTENE

1100 wEST 49 TH STREET

AUSTIN, TEXAS 7875¢

MILLERSVIEW -;OOLE W4SC

C/C vV C WHITWORTH - PRESIDENT
P 0 BOXx 121

MILLERSVIEW TX 76862

WATER SUPPLY #: Q480015
LABORATORY NO: EP100311
SAMPLE TYPE: RAW SAMPLE

COLLECTOR REMARKS: 3B MILLERSVILLE DOOLE
SOURCE: WglL &3 -

DATE CCLLECTED 9/12/90 DATE RECEIVED 9/13/90 DATE REPORTED 9/19/90

CONSTITUENT NAME ‘ RESULT UNITS /-

RADGN 576.00 PCI/L 41.0



CACE xxCOPY - CENTRAL OFFICE=*
WATER ANALYSIS REPORT REG-03 MCCULLGCH

TEXAS DEPARTMENT OF HEALTH
GIVISTON ©F WATER HYGIENE
1100 «EST 49 TH STREFT
AUSTIN, TEXAS 7875¢

ROCHELLE WATER SUPPLY CORPORATION WATER SUPPLY #: 1540004
Cs0 RONNIE NOWLIN - PRESIDENT LABORATORY NO: EP10G0226
P G 50~ 151

SAMPLE TYPE: RAW SAMPLE
ROCHELLE TX 76872

COLLECTOR REMARKS: 1A 371 HICKORY 9:14AM
SCGURCE: WELL #1

GATE COGLLECTED 9/10/90 DATE RECEIVED $/11/90 DATE REPORTED 9/19/9C0

CONSTITUENT NAME RESULT UNITS +/ -

RAD OGN 422.00 PCI/L 34.0
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*2COPY ~ CENTRAL OFFICE

WATE® ANALYSIS REPORT PEG-D3 MCCULLOCH
TEXAS DEPARTMENT QF MEALTH
DIVISION OF WATER HYGIENE

1100 &EST 4% TH STREET

AUSTIN, TEXAS 78756

FCCHELLE wScC

WATER SUPPLY &: 1S40GCO05
P.0.,B0X 191

LABORATORY NO: EP10D30S5

SAMPLE TYPE: RAW SAMPLE
ROCHELLE TX 716872

COLLECIQOR REMARKs: #2B ROCHELLE 3:27AM
SOURCE: wWplLL &2

DATE CCLLECTED 2/12/90 OATE RECEIVED 9/13/93 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADON 207.00 PCI/L 25.0

-



CACL g *4COPY - CENTRAL GFFICE=x
WATERP ANALYSIS REPORT REG-D3 MCCULLOCH
TEXAS DLPARTMENT OF HEALTH

DIVISIGN CF WATER HYGIENE
1100 WEST 49 TH STREET
AUSTIN, TEXAS 78756

ROCHELLE KWATZR SUPPLY CORPORATION WATER SUPPLY &: 1540004
C/C RONNIE NOWLIN - PRESIDENT LABORATORY NG: EP1D0D227
P G 60X 191

SAMPLE TYPE: RAW SAMPLE
RCCHELLE TX 76872

COLLECTIOR REMARKS: 18 371 HICKCRY 9:15 AM
SOLRCE: WglL

DATE CCLLECTED 9/10/90 DATg RECEIVED 9/11/90 DATE REPORTED 9/19/90

CONSTITUENT NAME RESULT UNITS +/ -

RADON 63%9.00 PCI/L 46.0



EAGE )

WATER ANALYSIS RFPORT

*%CGPY - CENTRAL GFFICE
REG-03 MCCULLOCH

TEXAS DEPARTMENT OF HEALTH
DIVISICN CF WATER HYGTENE
1100 WEST 49 TH STREET

AUSTIN,

ROCHELLE waT{R SUPPLY CORPgRATION

C/0 ROKNIE NOWLIN - PRESIDENT
P G BOX 191
ROCHELLE TX 76872

COLLECIOR REMARKS:
SOURCE: WgLL #2
DATE CCOLLLECTED

284 KOCHELLE R:272aM
2/12/9G DATE RECEIVED
CONSTITUENT NAMEC

RAGCON

TEXAS

78756

WATER SUPPLY 4
LABORATORY NO:
SAMPLE TYPE:

1540004
EPI0O30y4
RAW SAMPLE

9/13/90 DATE REPORTED 9/19,/90
RESULT UNTTS /-
168.CN PCI/L 23.0

+#



APPENDIX C

EPA Fact Sheet: National Primary Drinking Water Regulations
for Lead and Copper, May, 1991
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Summary s i

Lead 0 0.015
Copper 1.3 13
These regulations will: *Measured in S0th percentile
at consumers' taps

Establish Maximum Contaminant Level Goals (MCLGs)
of zero for lead and 1.3 milligrams per liter (mg/L) for

copper.
Establish a treatment technique requirement for lead that includes:
1) optimal corrosion control treatment,
2) source water treatment,
3) public education, and
4) lead service line replacement.

Establish a treatment technique requirement for
copper that includes:
1) optimal corrosion control treatment, and
2) source water freatment.

The treatment technique requirements are trigéered by exceedances of the lead action
level of 0.015 mg/L or the copper action level of 1.3 mg/L measured in the 90th
percentile.

These final rulemakings establish:

Two additional National Primary Drinking Water Regulations (NPDWRsS), bringing the
total to 58.
Two additional inorganic standards, bringing the total to 13.

These rules also include provisions for:

Analytical methods and laboratory performance reqtﬁrenmts:

Best Available Technologies (BAT) for complying with the treatment technique
requirements;

Mandatory health effects language to be used by systems when notifying the public of
violations;

System recordkeeping and reporting requirements; and

State recordkeeping, reporting and primacy requirements.

Lead and Copper Fuct Sheet—1
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Health Effects and Sources of Lead and Copper

Sources in
» Contaminant- | - -Low Level Health Etfects Drinking Water

Lead Chitdren: ' Corrosion of:
Altered physical and mental develop- | Lead solder and brass faucets
ment; interference with growth; deficits | and fixtures
in 1Q, attention span, and hearing; Lead service lines (20% of public
interference with heme synthesis water sytems)
Wwomen:
Increased blood pressure; shorter Source water (1% of systems)
gestational period
Men:

.| Increased blood pressure

Copper Stomach and intestinal distrésé; Corrosion of:

Wilson's Disease Interior household and building
- : pipes

Source water (1% of systems)

?—171 pad anrd Conper Fact Sheet




Regulatory Impact

Benefits
¢ These regulations will: _
- reduce the exposure of approximately 130 million people to lead in drinking water.

- result in an additional 570,000 children having their blood lead level reduced to below 10
micrograms per dediliter (ug/dl).

* Nationwide health benefits when translated into avoided medical costs are estimated to be
- between $2.8 and $4.3 billion per year for corrosion control and source water treatment.
- between $70 and $240 million per year for lead service line replacement.

* Nationwide material benefits attributable to reduced corrosion of water distribution systems
and household plumbing systems are estimated to be $500 million per year.

Costs

* Capital costs are estimated to be between $2.9 and $7.6 billion.

¢ Operation and maintenance costs are estimated to be $240 million per year.

* Total annualized costs are estimated to be between $500 and $790 million per year.

o

For large systems (serving >50,000 persons), corrosion control treatment required by this rule
is estimated to cost $1 per household per year.

* For smaller systems (serving < 50,000 persons), corrosion control treatment is estimated to
cost $2 to $20 per household per year.

¢ Total annualized costs for lead service line replacement are estimated to be $80 to $370

* Tap water monitoring will be required for 79,000 community and nontransient non-
community water systems.

* Monitoring costs are estimated to be:
- $40 million per year nationwide.

- $0.10 per household per year for large systems and less than $3 per household per year
for smaller systems.

* State implementation costs are estimated to be $40 million per year.

Lead and Copper Fact Sheet—




Treatment Technique Requirements

Corrosion Control Treatment
B Systems must collect tap water samples for lead and copper from high risk homes.

Corrosion Controi Studies
B Systems triggered into the corrosion control treatment requirements may first have to conduct studies to
compare the effectiveness of:
- pH and alkalinity adjustment (reduces the acidity of the water);
- cakium adjustment (promotes the formation of protective coatingsinside pipes and plumbing); and
- acldr'n:'to.;::\1 ;)f phosphate or silica-based corrosion inhibitor (forms protective coating inside pipesand
plumbing).
B Al large water systems (serving >50,000 people) are required to conduct such studies.
8  Small and medium-size water systems (serving <50,000 people) that exceed the lead or copper action level
- arerequired to first submit a recommendation for optimal corrosion control treatment to the State.

B The State will either approve the recommended treatment or require the installation of an alternative
treatment. The State may, as an alternative, require small and medium-size water systems to conduct the
corrosion control treatment studies described above.

n Anysystemthatconductscormsnonmntrolstudlesnmstrecomma\danopunulwn'osonconuolu'eaumnt
to the State on the basis of study results and monitoring data.

@  States will either approve a system’s recommendation or designate an alternative treatment as optimal.

Corrosion Control Treatment
B Once treatment is specified by the State, systems will have 24 months to install optimal corrosion control
treatment and 12 months to collect follow-up samples.

B States will assign values for a set of water quality parameters that constitute optimal corrosion control
treatment:

- PH
—  alkalinity;
- calcium, when carbonate stabilization is used;
- orthophoshate, when an inhibitor with a phosphate compound is used; and
- silica, when an inhibitor with a silicate compound is used.
B A system must continue to operate within the water quality parameters established by the State.

Source Water Treatment

B All public water systems that exceed the tap water lead or copper action level must collect source water
samples and submit the data with a treatment recommendation to the State.

B States may specify one of the following treatments, or an alternative treatment at least as effective, for the
system to install: 1) ion exchange, 2) reverse osmosis, 3) lime softening or 4) coagulation/filtration.

B Once treatment is specified by the State, systems will have 24 months to install source water treatment and
12 months to collect follow-up source water samples.

B States will review follow-up source water monitoring results and assign maximum permissible lead and
copper concentrations in source water entering the distribution system.

B Systems must continue to deliver water to all entry points in the distribution system that does not exceed
the maximum permissible lead and copper concentrations estabiished by the State.

l Source water monitoring will be standardized to 3/6/9 year cycles after treatment is installed or the
State determines no treatment is necessary.

4—Lead and Copper Fact Sheet



Treatment Technique Requirements

Public Education

Informs the public about the adverse health effects of lead and explains the steps people can take in their
homes to reduce their exposure to lead in drinking water (i.e., flushing the tap; cooking with cold water
rather than hot; checking for lead solder in new plumbing; and testing their water for lead).
Al public water systems exceeding the lead action level must deliver the EPA-developed public education
program o their customers within 60 days.
Every 12 months, systerns must deliver:
- bill stuffers to their customers and brochures to all institutions in the community frequented by
women and children (i.e., health departments, hospitals, dinics, etc.), and
- the public education material 1o the editorial departments of major newspapers serving the
community.
Every 6 months, systems must submit a public service announcement on lead in drinking water to major
television and radio stations serving the community.
Every 12 months, non-transient non-community water systems must post information notices in each
building served by the system and deliver brochures to all of the system’s customers.

The public education program must be delivered by a water system for as long as the system exceeds the
lead action level.

Kt [ i

Lead Service Line Replacement

Al public water systems that continue 0 exceed the lead action level after installing optimal corrosion
control treatment and source water treatment must replace lead service lines that contribute in excess of
15 parts per billion (ppb) to total tap water lead levels.

A system must replace seven percent of its lead lines each year or demonstrate that the lines not replaced
contribute less than 15 ppb of lead to drinking water at the tap.

A systemmustreplace theentire lead service line unlessit can demonstrate thatitdoes notcontrol theentire
line. Water systemns must offer to replace the owner’s portion of the service line.

A system that exceeds the lead action level after installing optimal corrosion control treatmentand source
water treatment has 15 years to replace all lead service lines.

Lead and Copper Fact Sheet—j



Tap Water Monitoring

Lead and Copper

Start Dates for Monitoring Monitoring Period

January 1992 Large Systems (>50,000) 1 monitoring period is
equivalent to 6 months

July 1992 Medium-size Systems )
‘ (3,300 to < 50,000) (2 per calendar year, i.e.,
January to June and
July 1993 Small Systems (< 3,300) July to December)

Sample Site Location
¢ Tap water samples must be collected at high risk locations:

- homes with lead solder installed after 1982,
- homes with lead pipes,

- homes with lead service lines.

Sample Collection Methods

* First flush tap water samples must stand motionless for at least six hours before the
samples are collected.

¢ One liter of water must be drawn from the cold water kitchen or bathroom tap.

¢ Systems may collect samples or enlist residents to collect samples. Residents fill the
container supplied by the water system according to directions and leave the container

for the system to pick up.

6—Lead and Copper Fact Sheet



Tap Water Monitoring

Lead and Copper

Number and Frequency

Base Monitoring:

* All public water systems are required to collect one sample for lead and copper analysis
from the following number of sites during each six month monitoring period.

Table 1. Tap Sampling for Lead and Copper

Reduced Monitoring:

* All public water systems that meet the lead and copper action levels or maintain
optimal corrosion control treatment for two consecutive six month monitoring periods
may reduce the number of tap water sampling sites (see Table 1) and their collection

frequency to once per year.

. Al pﬁblic water systems that meet the lead and copper action level, or maintain optimal
corrosion control treatment, for three consecutive years may reduce the tap water

System Size No. of Sampling Sites No. of Sampling Sites

(Population) (Initial Base Monitoring (Reduced Monitoring)
>100,000 100 : 50
10,001 to 100,000 €0 30
3,301 to 10,000 40 20
501 to 3,300 20 10
101 to 500 ' 10 5
<100 5 5

Sl E SN G O BN R an B e B A

sampling sites (see Table 1) and their collection frequency to once every three years. '

Lead and Copper Fact Sheet—-?l



Monitoring

Water Quality Parameters (other than lead and copper)

* Inaddition to lead and copper, all large water systems, and those small and medium-
size systems that exceed the lead or copper action level, will be required to monitor for
the following water quality parameters:

- pH,

- alkalinity,

- caldum,

- conductivity,

- orthophosphate,

- silica, and

- water temperature.

* These parameters are used to identify optimal treatment, and once treatment is
installed, to determine whether a system remains in compliance with the rule.

¢ Systems are required to maintain water quality parameters within State specifed ranges.

¢ Systems will have to monitor water quality parameters at two separate locations:
- representative taps throughout the distribution system (systems can use
total coliform sampling sites), and
- entry points to the distribution system.

~ Base Monitoring:

e All la&% water systems (>50,000) and those small and medium-size water systems
(<50,000) that exceed the lead or copper action level must collect two tap samples for
each applicable water qualcig parameter from the following number of sites during each

six month monitoring period.

Table 2. Tap Sampling for Water Quality Parameters

System Size No. of Tap Sampling Sites No. of Tap Sampling Sites
(Population) (Initial Base Monitoring) (Reduced Monitoring)

>100,000 25 10
10,001 to 100,000 10 7
3,301 t0 10,000 3 3
501 to 3,300 2 2
101 to 500 1 1
<100 1 1

8—Lead and Copper Fact Sheet



Monitoring

Water Quality Parameters (other than lead and copper) -

* All large water systems, and those small and medium-size water systems that exceed l
the lead or copper action level, must collect one sample for each applicable water
quality parameter at each entry point to the distribution system every two weeks.

* All large water systems, and those small and medium-size systems that exceed the lead l
or copper action level, after installing optimal corrosion control treatment must
continue to collect: l

- two samples for each applicable water quality parameter at each of the
sampling sites specified above every six months, and '

¢ All water systems that maintain State-specified water ity parameters reflecting .
optimal corrosion control for two consecutive six month monitoring periods may
reduce the number of tap samples collected (see Table 2) during each six month
monitoring period. I

- one sample for each applicable water quality parameter at each entry point to
the distribution system every two we;}s.

Reduced Monitoring;

* All water systems that maintain State-specified water quality parameters reflecting
optimal corrosion control for three consecutive years may reduce the number of tap l
samples collected (see Table 2) and the frequency with which they are collected to once

per year.

C O P
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Monitoring Schedules

Lead and Copper Monitoring

Monltoring Period Parameters ' Location Frequency
Initial Lead and Copper Targ'otod high risk Every six months!2
Monitoring , Interior taps
After Installation of | Lead and Copper Targeted high risk Two consecutive six month
Corrosion Control Interior taps monitoring periods
After State Specifies | Lead and Copper Targeted high risk Two consacutive six month
Parameter Values for interior taps _ monitoring periods®
Optimal
Corrosion Control
Reduced Lead and Copper Targeted high risk Once every yoar
Monitoring interior tape
i S S G SN S AR D LD (IR TS R D TS N G S— M N IS S A SIS SR S— —
Lead and Copper Targeted high risk Once every three years
interior taps

* Large sysiems collect tap water samples for two-six month monitoring periods belore conducting mpvﬂwdxmbnmtolvnmmmm.
'Smuundmm-m-spmsmmmmuuwmmﬂmmuMwwmmwanmm ino the

usatment WChNIQUE reqUINeMent.

3 Sysiems mesiing the lead and copper action level, or maintaining optimal cormaeion control reatment specified by the Stame, lor wo congecutive tix month
monining periods may reduce 1ap waler sampling 10 once per year and collect the reduced aumber of samples indicessd in Table 1 on page 7.

* Sysiama meeting the lead and coppar action level, or maintining optimal corrosion control reatment specified by the Siate, lor three consecutive years may
reduce tap waler sampling 10 oNCe every three years and collect the reduced number of samples indicaied in Table 1 on page 7.

10—Lead and Copper Fact Sheet




Monitoring Schedules

Water Quality Parameter Monitoring

Monitoring Period

Parameters !

Location

Frequency

Initial
Monitoring

pH, akalinity,
orthophosphate or silica ¢,
calcium, conductivity,
temperaturs

Taps and at entry point(s) 10
distribution system

Every six months

After installation of
Corrosion Control

pH, akalinity,
orthophosphate or silica ?,
caicium *

pH, akalinity dosage rate
and concentration (i
akalinity adjusted as pant of
corrosion controf), inhibitor
dosage rate and inhibitor
residual *

— D — — — — —

Entry point(s) to distribution
system

After State Specifies
Parameter Values for
Optimal
Corrosion Control

pH, akalinity,
onthophosphate or sifica 2,
calcium ?

pH akalinity dosage rate
and concentration (if

akalinity adjusted as part of
cotrosion control), inhbitor
dosage rate and inhbitor
residual ¢

o pos o dan
sysiem

Reduced
Monitoring

pH, akalinity,
odhophosphato or silica ?,

pH, akalinity dosage rate
and conceniration (¥
akalinity adjusted as part of
corresion control), inhibilor
dosage rate and inhibitor
residual *

Tape*

Entry point(s) to distribution
system

b

1 Small and medium-size sysiems have 1 monitor for water quality parameters only during monioring pedods in which the system exceads the lead or copper l
action level. Large systems must monitor water quality parameiers during sach monitring period.
2 Orthophosphaie must be messured only when an inhibitor containing a phosphaie compound is used. Sillca must be messured only when an inhibitor
containing siicaie compound i used.
3 Calcium must be measurad only when calcium carbonate stabilizaton is used as pan of cormosion cormrol.
¢ inhibivr dosage rales and inhibitr residual concentrations (orthophosphate or sdica) must be measured only when an inhibitr & used.
 Syswems maintaining opimal comosion control teatment specified by the Stale for two consecutive six-month monitoring
sampling of wawr quality paramenrs 10 0noe per year and coliect the duced number of samples indicated in Table 2 0n page 8.

+Sysiems maintaining oplimal comosion control treatment specified by the State or tree consecuiive Yeerss May reducs thp WRIN sampling of waser paramewnrs
D once every three years and coliect the reduced number of samples indicated in Table 2 on page 8.

perniods may reducs D wawr
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Regulatory Schedule for Large Systems

(>50,000 people)
Date Activities (system activities denoted by » )
May 1991 National Primary Drinking Water Regulations (NPDWRSs) for lead and
copper promulgated
January 1992 Begin tap water and distribution system monitoring
November 1992 ? Treatment technique requirements taks effect
January 1893 [2> Complete tap water and distribution system monitoring
July 1994 Compilete corrosion control studies and recommend treatment to State
January 1995 State designates optimal corrosion control treatment
January 1997 £ Compiete instaliation of corrosion control treatment
January 1998 B Compiets foliow-up monitoring and submit results to State'
July 1998 State designates water quality parameters

1Systems that continue 10 exceed acton level begin 15-year lsad service ine replacement program.

12—Lead and Copper Fact Sheet




¢,
Regulatory Schedule for Medium-size Systems |
(3,300 to <50,000 people) I
Date Activities (system activities denoted by 5 ) l
May 1991 National Primary Drinking Water Regulations (NPDWRs) for lead and
copper promuigated l
July 1992 % Begin tap water monitoring l
November 1992 Treatment technique requirements take effect
January 1993 > Recommend optimal corrosion control treatment '
January 1994 State requires system to conduct corrosion control studies2 l
July 1994 State designates optimal corrosion control treatment3 '
July 1995 Complete corrosion control studies and recommend treatment to State2
January 1996 State designates optimal co control treatment for system l
conducting treatment stud
July 1996 Complete installation of corrosion control treatment® l
July 1997 }Complew follow-up monitoring and submit results to State3.4 l
January 1998 P Complete installation of corrosion control treatment? .
State designates water quality parameterss
January 1999 Complete follow-up monitoring and submit results to State2:4 '
July 1999 State designates water quality parameters® .
tAssumes system exceeds isad or copper action level during first monitoring period.
2Modium-size systems required 1o conduct comparative Featment studies. .
3Medium-size systems which State specifies optimal treatment without studies.
4Systems that continue 10 exceed action levei begin 15-year lead service line replacement program. .

Lead and Copper Fact Sheet—lsl



Regulatory Schedule for Small Systems

(<3,300 people)
Date Activitles (system activities denoted by »)
May 1991 National Primary Drinking Water Regulations (NPDWRs) for lead and
copper promulgated
November 1992 Treatment technique requirements take effect
July 1993 - \» Begin tap water monitoring
- January 1994 - Recommend optimal corrosion control treatment to State?
January 1995 State requires system to conduct corrosion control studies?
January 1996 State designates optimal corrosion control treatment3
July 1996 Compiete comosion control studies and recommend treatment to State2
January 1997 State designates optimal corrosion control treatment 2
January 1998 . Compiete installation of comrosion control treatment3
January 1999 &> Complete installation of corrosion contro! treatment?
b Complets foliow-up monitoring and submit resuls fo State34
“ July 1999 State designates water quality parameters3
January 2000 > Compiete follow-up monitoring and submits results to State?4
July 2000 State designates water quality parameters?

1Assumas sysiem exceeds lead or copper action level during first monitoring period.

2Small systems required I conduct comparative treatment studies.

3Small systems which State specifies optimal treatment without studies.

43ystems that continue 1 exceed action level begin 15-year lead service line replacement program.

14—Lead and Copper Fact Sheet




EPA Region 1
Water Supply Branch
JFK Federal Building
Boston, MA 02203
(617 565-3610

Connecticut, Massachusetts,
Maine, New Hamshire, Rhode
Island, Vermont

EPA Region 3
Water Supply Branch
26 Federal Plaza
New York, NY 10278
(212) 264-1800

Neaw Jersey, New York, Puerto
Rico, Virgin Islands

EPA Region 3

Watar Supply Branch
841 Chestnut Street
Philadelphia, PA 19107
(215) 597-8227

Delaware, Maryland,
Pennsylvania, Virginia, West
Virginia, District of Columbia

EPA Region 4
‘Water Supply Branch

345 Courtland Street NE.
Atlanta, GA 30368

(404) 347-2207

Alod Florida. Geori
Kentucky, Mississippi, North
Carolina, South Carviina,

Tennessee

EPA Region §

Water Supply Branch

230 South Dearborn Street
Chicago, 11, 60604

(312) 353.2151

Illinois, Indiana, Michigan,
Minnesata, Ohio, Wisconsin

EPA Region 8

Watsr Supply Branch
1445 Ross Avenue

Dallas, TX 75202

(214) 655-7150

Arkansas, Louisiana, New
Mexico, Oklahoma, Texns

EPA Region 7

Water Supply Branch
726 Minnescta Avenue
Kansas City, KS 66101
(913) 551-7032

Jowa, Kansas, Missouri,
Nebrasha

For More Information

EPA Region 8

Water Supply Branch

One Denver Place

999 18th Street, Suite 1300
Denver, CO 80202-2413
(303) 293-1652

Colorado, Montana, North
Dabota, South Dakota, Utah,
Wyonting

EPA Region 9
Water Supply Branch
215 Fremont Street
San Francisco, CA 54105
(415) 9740912

Ari California. Hawaii
Nevada, American Samoa,
Guam, Trust Territories of
the Pacific

EPA Region 10
Water Supply Branch
1200 Sixth Avenue
Seattle, WA 98101
(208) 553-1223

Alasha, Idaho, Oregon,
Woashington

&

b”
»

= 18004264791

EPA Safe Drinking Water Hotline

¢

Byt

[
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APPENDIX D

EPA Fact Sheet: National Primary Drinking Water Regulations
for Radionuclides, June, 1991
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SUMMARY .

These regulations will:

Propose Maximum Contaminant Level Goals (MCLGs) and Maximum
Contaminant Levels (MCLs) for four radionuclide contaminants and two categones
of radionuclides.

- The four radionuclide contaminants are: radium-226. radium-228, radon-222,
and uranjium.

— The two categories of radicnuclides are adjusted gross alpha emitters, and beta
and photon emitters.

» The category of adjusted gross alpha emitters regulates alpha emitters and
is gross alpha measurement less uranium and less radium-226.

» The category of beta and photon emitters regulates total beta and photon
emitters (mostly man-made).

When this proposed rulemaking is final:

@ These rules will establish

— Four revised radionuclide standards; and
— Two new radionuclide standards (radon and uranium) for a total of six.

These proposed rules also include additional provisions for:
@ Monitoring, analytic methods and laboratory requirements;

@ Best Available Technologies (BATs) for compliance with the MCLs and for the
purpose of issuing variances:

— aeration —~ ijon exchange
— reverse osmosis — coagulation/filtration
— anion exchange

@ Mandatory health effects language to be used by systems when notifying the public
of violations;

State reporting, recordkeeping and primacy requirements; and

Unregulated contaminant monitoring for lead-210, the first long-lived progeny of
radon-222,

Radionuclides in Drinlkang Water Fact Sheet—I
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EPA is seeking comment from the public in this proposed rulemaking on:

@® A number of alternative MCLs for radon, uranium, and radium; and

@® A variety of technical and policy issues.

Ju_ne 1991

Standards for 4 radionuclide contaminants and
2 cateories of radionuclides proposed

September 1991 .

* Public hearings in Washingtos; D:C. and Chicago, IL

September 1991
(approximate)

Close of public comment period
(90 days after Federal Register publication)

April 1993

(22 months after

. Standards for 4 radionuciide contaminants and
-~ 2 categories of radionuclides promuigat

October 1994
(18 months after
promulgation)

» Standards for 4 radionuclide contaminants and
2 categories of radionuclides effective
e State adoption complete

- First monitoring compliance period begins

Regulatory Impact

As proposed, these regulations, when implemented, will reduce the exposure of
20 million consumers to the regulated contaminants and result in avoidance of an
estimated 83 cancer cases per year.

@ This includes:

-~ Avoidance of an estimated 80 cancer cases per year due to reduced radon
exposure of an estimated 17 million customers of public water systems served
by ground-water sources;

- Avoidance of an estimated 3 cancer cases per year due to radium; and

— Reduced exposure of approximately 875,000 people to kidney toxicity risk.

@ Regulation of radon is expected to result in the most violations, increased cost to
public water systems, and provide the greatest health benefits.

2—Radionuclides in Drinking Water Facr Sheet
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- National Costs of Proposed Radionuclide MCLs

fin222 Ha226  Ra228 Uranium

Proposed MCL** 300 20 20 20

Systems Affected 26,000 70 40 1,500
Treatment Cost

Total Capital

Annual O&M gm

Total Annual Cost (SM)
Monltoring (SK/Y )

State Implementation

Initial ‘SM
Annual ($M)

Annual Household Cost
by System Size

Very Small (25-500)
Small (501-3,300)
Medium (3,301-10,000)
Large (over 10,000)

* Adjusted Gross Alpha.
* MCLs are expressed in pCUL unisss otherwise noted.
** MCL for Uranlum is expressed in pg/L.
=2 CL for Beta Emitters Is expresssd in millirems effective dose equivalent per year {mrem ede’yr).
wemGGross Alpha Is used as a acreen for Radium-226 and uranium.
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Total Costs ‘

@ Total costs to all public water systems will be approximately $317 million per
year. Approximately 75% of these costs will be borne by systems serving fewer
than 10,000 people.

@ State implementation costs will be $15-28 million initially and $10-19 million in
future years. :

Monitoring and Treatment

@ Monitoring requirements will be standardized, with monitoring required every
three, six, or nine years depending on the system’s vulnerability to the particular
contaminant.

@ Nationally, it will cost approximately $7 million per year for systems to monitor.

@ Nationally, monitoring for lead-210 will cost systems an addition $8 million
one-time cost.

@ Monitoring for radionuclides will be required for approximately 80,000 systems.
Ground Water

~ Approximately 68,000 community and non-transient non-community public
water systems with ground-water or mixed surface and ground-water sources
must monitor for radon, radium-226, radium-228, uranium, and adjusted gross
alpha emitters. Vulnerable systems also must monitor for beta and photon
emitters.

Surface Water

— Approximately 12,000 community systems and non-transient non-community
public water systems with surface water sources must monitor for radium-226,
radium-228, uranium, and adjusted gross alpha emitters. Vulnerable systems
also must monitor for beta and photon emitters.

@ Nationally, approximately 28,000 or 35% of affected public water systems will be
required to provide treatment or find an alternative source of water.

— Treatment will cost approximately $3 to $800 per household annually
depending upon system size, degree of contamination, and other factors.

— It will cost systems $310 million per year to provide treatment.

— At State’s option, extendable exemptions based on costs may be allowed for
systems with less than 500 service connections, as long as the level does not
exceed unreasonable risk to health and alternative sources are not feasible.

4—Radionuclides in Drinking Water Fact Sheet
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* Radionuclide National Primary Drinking Water Regulations

EPA Stendfards

Proposed  Curvent NCL
uer'

Radium-226 20 pCiA 5 pCi/t combined naturally occurring RE; RC 1E; LS; RO
with radium-228

Radium-228 . 20 pCin 5 pCi/l combined  naturally occurring RC; LS IE; LS; RO
wilh radium-226

Radon-222 cancer 300 pCiA - naturally occurting LS; LC AER

Usranium kidney, cancer 20 pgh’* naturally occutring RC; FL; AS  C/F; AE; LS; RO*

Adjusted gross alpha cancer 15 pCIA 15 pCin naturally accurring GA/B; GA RO
emitters and man-made

Gross beta and cancet 4 mrem 4 mrem/yr man-mads and

phoion emitters odelyr any organ or nalurally occurring

whole body
- radioactive ceslum

- radioactive lodine

- radioactive
strontium 89.90

= tithum

- gamma and
photon smittats

PREC
PREC
PREC; RC

LS
GRS

Analytic Methods Key: Best Avallable Technology Key:

RE
RAC
LS
Lc
FL
AS
GA®B
GA

Radon Emanation IE ton Exchange

Radiochemical LS Lime Softening
Liquid Scintitation RO
Lucas Celt AER Astation
Fiuorometric CF Coagulation/Filtration
Alpha Spectromsiry AE Anlon Exchangs
Groes alphs and/or beta activity
Gross sipha activity
Precipitation

Gamma Ray Spectrometry

Reverss Osmosls

'pCiA Is an activity measurement of radioactive decay (1 pCl = 2.2 disintegrations per minute); g1 is ® mass measuremnent; mrem Is measurement of effaciive
radiation dose to organs). ) -

IExcept as noted, BAT for the purpose of Issuing varlances Is the same as BAT for compliance.
120 1g/1 Is based on kidney toxicity. 20 g/l is the equivalent of 30 pCiA.

‘Coaguistion/Fiitration and Lime Sofiening are not BAT for small systems (those with lass than 500 connections) for the purpose of granting variances.
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Summary of Proposed

Contaminant

Gross Reta*
(Vulnerable sysiems)

Tritium,
Strontivm-90

Radon - GW

Gross Alpha*’

Ra-226, Ra-228,
Uraniu

(Compositing is
permitied)

Unregulated
Contaminant
Pb-210

Monitering Requirements for

Radionuclides

. . ; Intreased
Base Requirements :;'ys'::'ml')slia'::::'e Frequency Waiver l;‘Reduccd
- 1F: Triggered by | Conditions | " 'eauency
Cimbtial Repest Non-compliance (with waiver)
Quarterl anterl .
y Qll y Average of 1 Sa'llll[)'c + 1 Mlllllhly il out of
mandatory confirmasion ] compliance. Rewen 1o None None
Annually Annually sample > MCL. basc when 3 mo. < MCLL
LINE "TIAI. RIOD YA . 1 - INITIAL PERIOD | YR . ¢ - INITIAL PERJOD
Annial average of Continue quarterly if
Quarterly quaricrly samples ont of complianee.
> MCL Annually when average
ol 4 guariers < MO S . P .
tate Discretion; W:
YRS 2 8 3 - MIT. PER. Annually aiver reduces

Annually

ALL OTHER YEARS

ALL OTHER YEARS

t sample > MCL.

Quarterdy of om of
comphance. Rewmn to
annually when average
of 4 quancrs < MCL.

Consistently
Meeting MCL.

to 1 per 3-year
penod

GW/SW - Anmally
il oant of conmpliance.

GW/SW - | per Average of | sample + | State Discretion; | Waiver reduces
GW/SW- Annually 3-year period ':‘""‘""‘"Y confimation | poum 10 1 per 3-year (‘«msﬁslcnllx to | per 9-year
sumple > MCL. period when 3 yous Meeting MCL period
< MCL.
One Sample N/A N/A N/A N/A N/A
_ " m

* Gross beta is a screen for Ra-228 and an MCL standard.
** Gross alpha is a screen for Ra-226 and uranivm, and an MCL standard.



Radon in Waer

The proposed radon regulation will provide a substantial public health benefit
compared with other drinking water regulations and other environmental
regulatory programs administered by EPA.

@ The regulation will reduce the exposure to radon of 17 million consumers whose
nousehold water comes from a public water system served by ground-water
sources.

The regulation, when implemented, may result in an estimated avoidance of about
80 cancer cases per year.

Radon comes from the natural break-down of uranium in seil, rock and water.

@® Radon is a volatile gas and is not a problem in drinking water from surface water
sources.

@ Radon may be present in drinking water from ground-water sources.
— Public water supplies with ground-water or mixed ground and surface water
sources would be required to monitor for radon and to provide treatment or
find an alternative source of water if the radon MCL is exceeded.

— Radon also may be present in drinking water from private wells not regulated
by EPA.

The primary health hazard comes from breathing air containing radon,

@ Breathing air containing radon can damage lung tissue and increase the risk of
lung cancer.

— Radon in water generally accounts for about 5% of the total indoor air
concentration in homes with ground-water sources of drinking water.

— EPA estimates that indoor radon may result in 8,000-40,000 lung cancer deaths
annually. .

— The higher the level of radon, the greater the risk of developing lung cancer.

— Smokers exposed to radon may have up to ten times the risk of contracting
lung cancer as never-smokers exposed to the same radon levels.

8—Radionuclides in Drinking Waer Fact Sheet
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-~ Radon present in drinking water is released into indoor air during househoid
water use such as showering and washing clothes.

— As an average, every 10,000 pCi/l radon in water contributes about 1 pCi/l
radon to indoor air for an average house.

— On average, outdoor levels of radon range from 0.2 pCiA to 0.7 pCi/l.

@ Drinking water contaminated with radon may add some minor risk of developing

stomach or other internal organ cancer. This risk is small compared to the risks
from breathing indoor air containing radon.

EPA is taking action to protect public health from radon in air and radon in
water to the highest degree possible, given existing mitigation technologies.

@ Central water treatment for radon by public water systems is affordable and

technologically feasible. Under the Safe Drinking Water Act, EPA is proposing to .
regulate radon at a level public water systems can achieve—300 pCi/l. Radon at
this level contributes about 0.03 pCi/l of radon in air. This corresponds to an
estimated lifetime cancer risk of approximately 2 x 10 (2 in 10,000) and is
consistent with EPA’s risk guidelines for regulating drinking water contaminants.
This risk may vary for individuals.

Concerning radon in air, EPA has proposed to keep its current action level of
4 pCi/l, corresponding to an estimated lifetime risk of 1-5 x 10 (1-5 in 100)
because the Agency believes that level can be achieved consistently and
economically in homes, given current technology. The new Cirizen’s Guide,
scheduled for publication in Fall 1991, also will provide information on testing
methods to determine radon levels in homes.

All homes should be tested for radon in air.

Most radon in household air comes from soil gas which seeps into the home
through the foundation.

Information about radon testing and mitigation of household air can be found in
the following EPA publications:

— A Citizen’s Guide to Radon: What It Is and What To Do About It; and
= Radon Reduction Methods: A Homeowner’s Guide.

Information about radon in air can be requested by calling 1-800-SOS-RADON or
by contacting the State Radon office.

Radionuclides in Drinking Water Fact Sheet—¥9
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Some homes with private wells also should be tested for radon in water.

@ After testing the air for radon and finding levels above EPA’s current action
guideline of 4 pCi/l, homeowners with private wells should consult with their State
drinking water office to obtain information on laboratories to test for radon in
water, and test the water. After testing, homeowners should select the mitigation
strategy that is most cost-effective for reducing radon exposure for the individual
home.

— In the majority of cases, the appropriate mitigation strategy will be controlling
the soil gas contribution to indoor air before treating the water to remove
radon.

@ If treatment of radon in private wells is appropriate, the most effective treatment is
to remove the radon from the water before it enters the home. This is called
point-of-entry (POE) treatment.

@ Two basic types of POE water treatment are available.

— Aecration Systems

Forced air bubblers remove radon gas from the water.

— Granular Activated Carbon (GAC) Systems

Filters remove radon from the water. Homes with high levels of radon in
water should not use GAC to remove radon.

@ Treatment at the tap is called point-of-use (POU) treatment. POU treatment will
fail to reduce the most important risk from radon in water, breathing radon in
indoor air transferred from water.

@ Information about radon in drinking water can be requested by calling the Safe
Drinking Water Hotline (1-800-426-4791) or contacting the State Drinking Water
. Office.

10—Radionuclides in Drinking Water Fact Sheet



FOR MORE INFORMATION ABOUT RADON IN INDOOR AIR

EPA Radon Information Hotline
= 1-800-SOS-RADON

EPA Regional Offices Radiation Program Managers

EPA Region 1

Pesticides and Toxic
Substances Branch

JFK Federal Bldg., Rm. 2311
One Congress Strect, 11th foor
Boston, MA 02203

(617) 565-4502

Connecticut Massachusetts,
Maine, New Hampshire,
Rhode Isiand, Vermont

EPA Region 2

Air and Waste Management
Division

26 Federal Plaza, Rm. 1137-L
New York, NY 10278

(212) 2644110

New jersey, New York, Puerto
Rico, Virgin Islands

EPA Region 3

Air Programs Branch
Special Program Section
(3AM12)

841 Chestnut Street
Philadelphia, PA 19107
(215) 597-8320

Delaware, Maryland,
Pennsylvania, Virginia, West
Virginia, District of Columbia

EPA Region 4

Alr, Pesticides, and Toxics
Management Division
245 Courtland Street, NE
Atlanta, GA 30365

(404) 347-3907

Alabama, Florida, Georgia,
Kentucky, Mississippi, North
Carolina, South Carolina,
Tennessee

EPA Region §

Air Toxics and Radiation
Branch

(5/.R26)

Chicago, IL 60604
(312) 353-2206

Hlinois, Indiana. Michigan,
Minnesota, Ohio, Wisconsin

EPA Region ¢

Air Enforcement Branch
(6T-E)

1445 Ross Avenue
Dallas, TX 75202-2733
(214) 655-7223

Arkansas, Louisiang, New
Mezxico, Okiahoma, Texas

EPA Region 7

Air Branch

726 Minnesota Avenue
Kansas City, KS 66101
(913) 551-7020

lowa, Kansas, Missouri,
Nebraska

ﬁ\

““EI\ =

EPA Region 8

Radiation Programs Branch
999 18th Street, Suite 500
Denver, CO 80202-2405
(303) 293-1709

Colorado, Montana, North
Dakota, Sourth Dakota, Utah.
Wyoming

EPA Region 9

Office of Air Toxics and
Radiation

(Al-1)

75 Hawthomne Street

San Francisco, CA 94105

(415) 744-1045

Arizona, California, Hawais,
Nevada, American Samoa, Guam,
Trust Territories of the Pacific

EPA Regioa 10

Air Programs Branch
(AT-082)

1200 Sixth Avenue
Seattle, WA 98101
(206) 442-7660

Alaska, Idaho, Oregon,
Washington

-

Radionuclides in Drinkang Water Fact Sheet—1 |
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FOR MORE INFORMATION ABOUT RADIONUCLIDES
AND RADON IN DRINKING WATER

EPA Regional Drinking Water Offices

EPA Region 1

Groundwaler Management and
Water Supply Branch

JFK Federal Bldg.

One Congress Street, 11t floor
Boston, MA 02203

(617) 565-3610

Connecticut, Massachusetts,
Maine, New Hampshire,
Rhode [sland, Vermont

EPA Region 2
Drinking/Groundwater
Protection Branch

26 Federal Plaza, Rm. 824
New York. NY 10278
(212) 264-1800

New Jersey, New York, Puerto
Rico, Virgin Islands

EPA Region 3
Drinking/Groundwater
Protection Branch

841 Chestnut Street
Philadelpbia. PA 19107
(215) 597-8227

Delaware, Maryland,
Pennsyivania, Virginia, West
Virginia, District of Columbia

EPA Region 4

Municipai Facilities Branch
245 Courdand Street, NE
Atanta, GA 30365

(404) 347-3633

Alabama, Florida, Georgia,
Kentucky, Mississippé, North
Carolina, South Carolina,
Tennessee

EPA Region §

Safe Drinking Water Branch
230 S. Dearbomn Street
Chicago, IL 60604

(312) 353-2151

Hlinois, Indiana, Michigan,
Minuesota, Ohio, Wisconsin

EPA Region 6
Waier Supply Branch
1445 Ross Avenue
Dallas, TX 75202
(214) 655-7155

Arkansas, Louisiana, New
Mezxico, Oklahoma, Texas

EPA Region 7
Drinking Water Branch
726 Minnesoa Avenue
Kansas City, KS 66101
(913) 551-7032

lowa, Kansas, Musoun,
Nebraska

EPA Safe Drinking Water Hotline
= 1-800-426-4791

EPA Region 8

Drinking Water Branch
999 18th Street, Suite 1300
Denver, CO 80202-2413
(303) 293-1713

Colorado, Montana. North
Dakota, Sourth Dakoia, Utah,
Wyoming

EPA Region 9

Drinking Water & Groundwater
Protection Branch

75 Hawthomne Street

San Francisco, CA 94108
(415) 744-1818

Arizona, California, Hawaii,
Nevada, American Samoa,
Guam, Trust Territories of the
Pacific

EPA Region 10
Drinking Water Branch
1200 Sixth Avenue
Seattle, WA 98101
(206) 442-1225

Alaska, Idaho, Oregon,
Washington

12—Radionuclides in Drinking Water Fact Sheet
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Removing Barium and Radium
Through Calcium Cation Exchange

Anthony G. Myers, Vernon L. Snoeyink, and David W. Snyder

The removal of barium (Ba) and radium (Ra), which are found in many groundwater sources,
was achieved in laboratory studies with an ion exchange process. In the studies, a strong acid
resin in the calcium form effectively removed Ba?* and Ra?* to meet standards. The resin was
regenerated with reclaimed brine, which would reduce disposal problems in actual practice,
Total hardness, alkalinity, pH, and other water quality parameters remained unchanged.
Additional research is needed, however, to refine the process and establish the costs.

This article describes an ion exchange
process that can be used to remove
barium (Ba)and radium (Ra) from water.
When all of the water must be treated by
ion exchange to achieve the maximum
contaminant level (MCL)of 1 mg Ba/L or
5 picoCuries (pCi)/L of Ra??® plus Ra?%,
this process can be used to produce a
water that is lower in sodium and less
corrosive. Additionally, a smaller quan-
tity of spent brine is produced that must
be disposed of because a portion of the
brine can be treated and reused. The
process, shown in Figure 1, uses a cal-
cium (Ca)-form strong acid ion exchange
resin column in parallel with a conven-
tional sodium (Na)-form strong acid resin
column. The divalent Ra%*, Ba?* Ca?*,
and magnesium (Mg?*) ions are ex-
changed for Nat* in the portion of the
flow that passes through the Na-form
column, If present, Ba?* and Ra® are
exchanged for Ca?* in the fraction of
water passing through the Ca-form
column, and the total hardness in this
fraction is essentially unchanged. Cal-
cium chloride brine (CaCly) is used to
regenerate the Ca-form column, and the
spent brine can be reused after precip-
itating and removing the Ba and Ra.
Barium and Ra in the spent sodium
chloride (NaCl) brine can also be precipi-
tated and removed before disposal, but
this brine cannot be recycied in its
entirety because of the depletion of Na*

60 RESEARCH AND TECHNOLOGY

tons when it is used. In addition to
describing the process, the data presented
in this article show how the Ca-form
column should be operated and what
procedure should be followed to reclaim
the CaCl, brine.

Barium in excess of the MCL is found
in some waters in northern Illinois and
Iowa.! Concentrations of 2-7 mg Ba/L
are typical; a high of 18-20 mg Ba/L has
been reported. Radium, another ground-
water contaminant, occurs as Ra® and
Ra?’® and is found more frequently in
groundwater than Ba. Groundwater
sources in Illinois, lowa, Florida, Texas,
Wisconsin, and some Rocky Mountain
states contain Ra in excess of the MCL.
Typical concentrations are 5-50 pCi/L. 25

Lime softening, reverse osmosis, and
ion exchange are effective treatment
processes for Ba and Ra removal.!®
However, because of the costs involved
and ease of operation, many small
communities choose ion exchange or no
treatment at atl.

Although strong acid Na cation ex-
change resins remove Ra and Ba along
with hardness ions, the effluent 1s cor-
rosive because its Ca concentration 1is
very low .72 To avoid corrosion problems,
many communities blend raw water
with Na cation exchange column effluent
to stabilize the finished water.® For
waters contaiming high concentrations
of Ba or Ra, this blending procedure may

cause drinking water to exceed the MCL;
in such situations the proposed process
may be of use.

The research reported in this article
was conducted to develop operating
parameters for the Ca cation exchange
resin column and the procedures for
reclaiming spent Ca brine. The perfor-
mance of the process was then deter-
mined through several cycles of exhaus-
tion, regeneration, and brine reclamation.

Materials and methods

Column studies. The strong acid cation
exchange resin used in this study was a
polystyrene-based resin,* cross-linked
withdivinylbenzene with sulfonate func-
tional groups. This resin was placed in
2.45-cm ID glass columns with PTFE
stopcocks. Heat-resistant glass wool was
used te support the resin. Water and
brine solutions were pumped through
the column with a variable-speed pump.t
Influent water was prepared by mixing
calcium carbonate (CaCO3), magnesium
carbonate (MgCOQj3), sodium carbonate
{Na,COj3), and hydrated bartum chloride
{BaCl,-2H,(>) with deionized water in a
230-gal (870-L) stainless steel tank. Car-
bon dioxide and nitrogen gas were used
to adjust the pH; nitrogen was used to
strip carbon dioxide when it was neces-
sary to raise the pH. When Ra was used
instead of Ba, it was added by disposable
pipette from a 1-uCi/L Ra stock solution,
preserved in 4 M hydrochloricacid (HCD.
Effluent water was collected in a 53-gal
{200-L) polystyrene tank. Regeneration
brine was prepared by mixing hydrated

*Duolite C-20, Diamond Shamrock, Redwood City. Calif.
tFluid Metering Inc., Oyster Bay, N.Y.
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calcium chloride (CaCly-2H,0) with de-
ionized water.

Jar tests. A synthetic spent brine was
prepared from CaCl,-2H,0, BaCl,-2H» 0,
and deionized water. Powdered hydrated
calcium sulfate (CaS0,-2H,0) was added
to this brine and mixed in 1-L glass
beakers with a six-paddle stirrer. The
CaS0, dissolived to provide sulfate (50§")
for barium sulfate (BaSQ,) precipitation.
The mixture was vacuum filtered
through 0.45-um membrane filters. -

Chemical analyses. Barium was ana-
lyzed by atomic absorption spectro-
photometry. Sodium chloride was added
to each sample in concentrations of
1000-2000 mg/L to suppress ionization.
Samples containing high concentrations
of Ca were diluted to less than 0.017 M
Ca to avoid interferences. All samples
were analyzed at concentrations less
than or equal to 10 mg Ba/L. Calcium
and hardness were analyzed by the
ethylenediaminetetraacetate (EDTA)
titrimetric method and alkalinity by HC]
titration.® Magnesium was analyzed by
~ atomic absorption spectrophotometry.
In spme instances, the concentration of
Mg was determined by subtracting Ca
and Ba concentrations from total hard-
ness. The pH readings were made witha
pH meter. Sulfate was measured with
an ion chromatograph.f Conductivity
was measured with a portable conduc-
tivity meter. Readings were taken in
micromhos per centimetre and multiplied
by 0.64 to convert to milligrams per litre
of total dissolved solids (TDS). Radium
analyses were made at the University of
Iowa Hygienic Laboratory. The proce-
dure involved determination of Ra by
alpha counting after precipitation with
BaSO,. Lead (Pb) and Ba carriers were
added to the sample containing alkaline
citrate, then sulfuric acid was added te
precipitate Ra, Ba, and Pb as suifates.
The precipitate was purified by washing
with nitric acid, dissolving in alkaline
EDTA, and reprecipitating as Ra-Ba
sulfate after adjusting the pH to 4.5.1

Results and discussion

Calcium cation exchange column effluent.
The influent water described in Table 1
was pumped downflow through 22 in.
(56 c¢cm) of resin in the Ca form at a
loading rate of 2.5 gpm/sq ft (6.2 m/h).
This equates to a loading of 1.35 gpm/cu
t (2.97 L/s/m3). The effluent composition
for this run is shown in Figure 2. Barium
was removed well in exchange for Ca,
which is consistent with the high selec-
tivity of the strong acid resin for Ba over
Ca;'? Mg was also removed. The total
quantity of Mg removed was about the
same as the quantity of Ba removed,
even though the concentration of Mg
was about seven times that of Ba. This
behavior of the resin is consistent with
its preference for Ba over Mg. The re-
moval of Mg can be expected only in the
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Figure 2, Divalent cations in the effluent from a virgin strong acid calcium-form
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first few cycles of use if the CaCl, brine
is to be reused, because Mg will build up
in the brine. Total hardness, pH, and
alkalinity were nearly unchanged through-
out the run.

The effect of empty bed contact time
(EBCT)on the virgin resin breakthrough
curve for Ba+ is shown in Figure 3.
Column lengths were 4.3in.(11cm), 21.8
in. (55.5 cm), and 22 in. (56 c¢m); loading
rates were 2.1 gpm/sq ft (5.1 m/h), 5.4
gpm/sq ft (13.2 m/h}, and 2.5 gpm/sq ft
(6.1 m/h), respectively. Empty bed con-
tact times were 1.3 min, 2.5 min,and 5.5
min, respectively.

In order to plot the results on the same
graph, the number of bed volumes (BV}
of water processed through the 21.8-in,
(55.5-cm) column was multiplied by the
concentration ratio 20:15. The results

show that the column utilization, i.e.,
the capacity of the column used by Ba
compared with the total capacity of the
column at an EBCT of 1.3 min, was
about half that at 2.5 min and 5.5 min.
Thus, the zone of active mass transport
in the column at 1.3 min EBCT occupies
most of the column, whereas at the
longer times, 1t is a small portion of the
total length of the column. The column
capacities for Ba at a breakthrough
concentration of 1 mg/L were 32,67, and
64 mg Ba/g dry resin (H* form) for the
4.3-in.{(11-cm), 21.8-in. (55.5-cm), and 22-
in. (56-cm) columns, respectively.
Calcium regenerant concentration. A 4.3-
in. (11-cm) resin column was set up to
determine the optimum concentration of

*Dionex Autolon System 12 Analyzer, Sama Clara, Calif.
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CaCl, for regeneration. Influent water
with a composition similar to that shown
in Table 1 was applied downflow at a
rate of 2.1 gpm/sq ft (5.1 m/h), thus
giving an EBCT of 1.3 min. Brine was
pumped countercurrent (upflow) at 0.26
gpm/sq ft (0.65 m/h). The EBCT of the
brine was 10 min: Rinse water (19.5 BV)
was applied upflow. Approximately 37
mg Ba/g dry resin (H+ form)and 14.6 g
Ba/L resin (Ca2+ form) were on the resin
prior to regeneration. The resin column
was regenerated with various concen-
trations and dosages of CaCl,. Figure 4
shows how the CaCl, dosage and con-
centration affect theamount of Bain the
effluent after regeneration. Five BV were
processed after regeneration before the
effluent samples were taken. A CaCl,
concentration of 0.85 M produced the
lowest effluent concentration of Ba over
the range of regenerant dosages. Both
higher and lower regenerant concentra-
tions were less effective.

The existence of an optimum CaCl,
concentration is not surprising because
such an optimum exists for the NaCl
brine that is used to regenerate strong
acid resin.’? There may be several rea-
sons for the existence of an optimum. At
a relatively low concentration of brine,
the concentration of Ca2+ may not be
sufficiently high to drive the regener-
ation reaction

R-Ba + Ca?* = R-Ca + Ba2*

far to the right, thus reducing regener-
ation efficiency. At a high concentration
of brine, the resin will shrink. This
shrinking takes place from the outside of
the resin bead and moves toward the
center of the bead as the brine migrates
into the resin.’® The Ba?+ from the
interior of the resin bead must then
migrate through narrower pores after
exchange has taken place. The rate of
diffusion through narrow pores is less
than the rate through wide pores,!' and
thus the removal of Ba2+ is impeded.
Other factors that may contribute to
reduced efficiency at a high concentra-
tion of CaCl, are contact time and
viscosity. The contact time for a given
dosage decreases as the concentration of
brine increases, so less time is allowed
for removal of Ba2+, and the opportunity
for short-circuiting increases. Short-cir-
cuiting is also likely to increase as the
viscosity of the brine increases with
higher concentrations.

Calcium regenerant dosages. Experi-
ments were then conducted todetermine
the capacity of the Ca-form resin for Ba
after different dosages of 0.85 M CaCl,
regenerant. A 21.6-in. (55-cm) resin
column was used, which is approxi-
mately the same as resin depths used in
practice. The influent water was pumped
downflow at 5.7 gpm/sg ft (14.2 m/h),
thus giving an EBCT of 2.3 min. The
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column length on barium break-
through curves
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Figure 5. Barium breakthrough curves after different regenerant dosages

water composition was similar to that
given in Table 1, except that the Ba+
concentration was 23 mg/L. Counter-
current regeneration was carried out at
0.26 gpm/sq ft (0.65 m/h), a contact of
0.14 gpm/cu ft (0.3 L/s/m3), and 5.7 BY
of rinse water were applied at a rate of
0.54t0 1.6 gpm/sq ft (1.3t63.9m/h). The
EBCT for the brine was 51 min. After
each regeneration, the resin was reloaded
to a total of approximately 70 mg Ba/g
dry resin (H+ form), or 30.6 g Ba/L resin
(Ca2+ form).

Barium breakthrough curves after
various regenerant dosages are shown
in Figure 5. The influent Ba concen-
tration to the virgin resin column was 20
mg/L and to all other columns it was 23
mg/L. As shown in the figure, the capac-
ity of the column for Ba increases as the
regenerant dosage increases. It is also of

interest to note the effect of contact time
on column performance. The data in
Figure 4 shows that the effluent concen-
tratton for the 4.3-in. (11-cm) column
was about 1.1 mg/L after a regenerant
dose of 4 eq/L of resin, whereas the data
in Figure 5 show an effluent concentra-
tion immediately after regeneration of
0.1 mg/L for the 21.6-in. (55-cm) column
regenerated with the same dose. The
EBCTs for the process cycle were 1.3
and 2.3 min, respectively. The longer
contact time for the preocess cycle un-
doubtedly contributed to the lower leak-
age from the longer column.

Another difference between the results
for the 4.3-in. (11-cm) column shown in
Figure 3 and the results for the 21.6-in.
(65-cm) column shown in Figure 4 is
brine contact time. At a regenerant dose
of 4 eq Ca2+/L resin, the brine EBCT for
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TABLE 1
Composition of influent water
Parameter Concentration
Total hardness 215 mg as CaCOyL
Calcium 105 mg as CaCOyL
Magnesium 95 mg as CaCOyL
Barium 15 mg/L
Sodium ~23 mg/L
Chloride ~10 mg/L
Total alkalinity 250 mg as CaCOvL
pH 7
TABLE 2
Barium removal from calcium brine by addition of CaS504
Ba?' Removal CaSO, Used 2
percent percent S0,“ Remaining
CaS04:Ba : After 60 min
mol ratio 30 min 60 min 30 min 60 min mg/L
1.00 85.12 95.93 95.12 95.93 25
1.02 97.90 98.93 95.98 96.99 8.0
1.04 97.08 99.72 93.35 95.88 83
1.06 98.05 99.63 92.50 93.99 24
1.08 98.22 99.70 90.94 92,31 28
TABLE 3
Barium removel from brines with different calcium concentrations
CaS04:Ba Ba2* Removal
Calcium—M mol ratio percent
! 04 1.02 87.23
0.6 1.02 90.55
0.8 1.02 89.92
TABLE 4
Barium removal from brines with different barium concentrations
CaSO4Ba Ba?* Removal
Barium—g/L mol ratio bercent
4 1.02 98.83
6 1.02 95.17
8 1.02 93.45
10 1.02 78.39
TABLE 5
Wastewater composition in cyclic column runs
Rinse Water Only Brine Plus Rinse Water
Parameter Average Range Average Range
TDS—mg/L 4476 4571-4931 44516 42085-52 013
Barium—mg/L 179 112-250 2818 2 168-3 591
Wastewater produced— 0.49 0.37-0.67 0.74 0.58-0.98
gal/ 100 gai (L7100 L) treated

the 4.3-in. (11-cm) column was 10 min
and for the 21.6-in. (55-cm) column was
51 min. Regeneration efficiency, i.e., the
equivalents of Ba2+ removed per equiva-
lents of Ca2+ applied, increased from 3.7
percent to 8.6 percent with the increase
in EBCT. However, the 21.6-in. (55-cm)
column contained 73 mg Ba?+/g dry
resin before regeneration, whereas the
4.3-in. (11-cm) column contained only 32
mg Ba?+/g dry resin. Therefore, more
Baz+ was left on the 21.6-in. (55-cm)
column after regeneration (19 mg Ba/g
dry resin) than on the 4.3-in. (11-cm)
column (9.6 mg Ba/g dry resin). In spite
of this, more leakage occurred in the 4.3-
in. (11-cm)column because of the shorter
EBCT of the process cycle and the lower
utilization of the column.

Analysis of thedata in Figure 5 shows
that as the regenerant dosage increases,
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the regeneration efficiency decreases and
resin capacity increases. This relation-
ship is shown in Figure 6. Dosages of Ca
regenerant ranged from 18.3-36.7 1b
CaCly/cu ft resin (293-588 kg CaClym?
resin), which can be compared with
typical Na-form column regenerant dos-
ages of 5-20 b NaCl/cu ft (80-320 kg
NaCl/m?)."? Lower CaCl, dosages would
increase efficiency, but excessive leakage
of Ba would likely occur.

The importance of brine contact time
is illustrated by the curves in Figure 7.
The 21.6-in. (55-cm) columns were re-
generated with loading rates of 0.27
gpm/sg ft (0.65 m/h), a contact of 0.14
gpm/cu ft (0.3 L/s/m?) with an EBCT of
51 min; and with a loading rate of 1.4
gpm/sq ft (3.5 m/h), a contact of 0.75
gpm/cu ft (1.65 L/s/m3) with an EBCT
of 10 min.

Barium remaval from calcium brines.
The high concentrations of Ba?* in the
CaCl, brine prevent brine reuse, and
treatment may be necessary before dis-
posal. Removal of the Baz+ as BaSO,
precipitate is possible, however, and if
this can be done, reuse may be possible.
If SO%- is added to the brine, BaSO,,
which is very insoluble (K, =10-10),can
be formed. However, addition of S0%- in
the form of a salt, such as Na,S0,, will
cause the solubility product of both
BaS0, and CaSO, (K5, = 10459 to be
exceeded initially, thus increasing the
Na,S50, required and the quantity of
sludge produced. Because the spent brine
is slightly undersaturated with CaSO,,
solid CaSO, can be added; as it dissolves,
the SO%- required to precipitate the Baz+
becomes available, and some Ca?+ enters
solution. A supersaturated solution of
CaSO0,cannot be produced by this means,
however. After separation of solids, the
brine will be suitable for reuse if S0%-
and Ba?+ concentrations are low. The
proper CaS0, dosage will remove most
of the Ba2+, but the sulfate concentration
must be low so that the resin will not be
fouled during regeneration,

Solid CaSO, was added to spent brine
in 1-L jar tests in order to determine the
optimum dosage and reaction conditions.
Table 2 shows Ba2+ removal at various
CaS0, dosages at 30- and 60-min and
mixing conditions at 100 rpm. Thebrine
originally contained 0.6 A/ Ca?+ and 6000
mg Ba?+/L. Each mixing jar contained
300 mL brine. The Baz+ and SOF-
concentrations remaining after precipi-
tation are shown in Figure 8 as a function
of the CaS0O,:Ba?* mol ratio. Separate jar
tests at 40 rpm showed much less Ba
removal. For example, a CaSO, to Ba
mo} ratio of 1.1:1 removed only 62.5
percent of the Ba after 60 min of mixing.

Thus, mixing is important for good Ba
removal. Poor removal at the slow mixing
rate was likely to have been caused by a
slower rate of CaS0, dissoluticn when
there was little turbulence. It is also
expected that the smaller the particle
size of the CaSO,, the more rapidly
BaSO, will be precipitated.

The concentration of SO rises
sharply as the dosage of CaSQO, exceeds
that required to precipitate Ba2+ as shown
in Figure 8. The SOf concentration is
controlled by SO% solubility—a maxi-
mum of about 680 mg/L. The desired
molar dosage of CaS0, is about 10 per-
cent greater than the initial concentra-
tion of Baz+. At this point the SO
concentration is about 100 mg/L.

Table 3 shows that the concentration
of Ca in the brine does not have a major
effect on Ba removal. The original Ba
concentration was the same as in Table
2, but Ba removal is slightly lower
because of less vigorous mixing. These
data indicate that concentration of the
brine Ca will not be a2 major factor in
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brine reclamation. However, higher con-
centrations of Ba in a 0.6 M Ca brine
result in lower removal, as shown in
Table 4. All four samples were mixed at
100 rpm for 30 min. The reason for the
lower removal has not been established
but may have been caused by the precipi-
tation of BaSO, onto the CaSO, before it
dissolved, Thus, the concentration of Ba
in spent brine must be considered when
setting the CaSO0, dosage and mixing
conditions.

Barium removal from brine by using
CaSQ0, in a column was ineffective when
treating Ca brine for reuse. At the front
of the column, BaSO, was precipitated,
and the brine dissolved CaSQO, as it
continued to pass through the column.
The effluent SO§" concentration was
near the limit imposed by CaSO, solu-
bility. Also when Baz+ broke through the
column, BaS0, precipitated in the efflu-
ent collection container, thus requiring
a solids separation step.

Barium removal in cyclic column runs.
Five exhaustion-regeneration-brine rec-
lamation cycles were performed to de-
termine whether reclaimed brine would
effectively regenerate the resin. The
sixth cycle consisted of exhaustion only.
Influent water, with a composition simi-
lar to that in Table 1 and a Ba2+ concen-
tration of 20 mg/L,* was pumped at 5.7
gpm/sq ft (14.2 m/h) through a 22.8-in.
{58-cm} resin column. The EBCT was
2.5 min. Regenerant (975 mL, or 3.6 BY)
was pumped countercurrent (upflow) at
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a rate of 0.29 gpm/sq ft (0.7 m/h). The
last regeneration was cocurrent (down-
flow). A regenerant dose of 6 eq Ca’/L
resin (27.5 1b CaCl,-2H,0/cu ft resin
[440.5 kg CaCl,-2H,0/m® resin]) was
applied at a concentration of 0.85 M.
Dilution of the regenerant brine occurred
by mixing with rinse water during
regeneration, so the concentration and
dosage were lower for some cycles. Addi-
tional CaCl, was added in later cycles to
restore the 0.85 M Ca concentration.
The brine was reclaimed by precipitation
with CaS0O, after each regeneration and
reused throughout the five cycliccolumn
runs. A CaSO, to Ba mol ratio of 1.1:1
was usually required to remove most of
the Ba2+.

Barium breakthrough curves for the
six exhaustion runs are shown in Figures
9and 10. Capacities at a breakthrough of
2 mg Baz+/L ranged from 50 to 75 mg/g
dryresininthe H+ form (21.6t032.2g/L
resin in the Ca2+ form), depending on
regeneration conditions. Capacities at a
breakthrough concentration of 1 mg/L
were slightly less for all runs except for
run 4, for which an effluent concentra-
tion of 1 mg/L was not achieved. Curve4
in Figure 9 shows high Ba2+ leakage
because of the high (705 mg/L) Ba
concentration in the reclaimed regen-
erant. This high Ba2+ concentration was
attributable to the use of insufficient
CaSO0, during brine reclamation. Regen-
erant Ba concentrations of ~100 mg/L do
not produce this leakage, as shown by

curves 3 and 5. Since the same volume of
regenerant (975 mL) was applied in all
regenerations, lower regenerant a2+
concentrations resulted in lower dosages,
and less Ba2+ was removed from the
resin, Theeffect of removing successively
less Ba2+ from the resin was a succes-
sively lower column capacity for runs 2,
3, and 4. The addition of supplemental
CaCl, toincrease the regenerant concen-
tration to 0.85 M and the regenerant
dose to 6 eq/L for regeneration after run
4 restored the capacity of the column to
near that for virgin resin.

The resin was regenerated with the
same strength CaCl, brine after runs 1
and 4, but the capacity of the resin was
about 30 percent higher after the latter
(curves 2 and 5 in Figure 9). A possible
reason for this behavior is the Mg2* ion
that accumulates on the resin and in the
brine through successive cycles. Figure
11 shows that the Mg2+ concentration in
the reclaimed brine has increased to a
plateau of nearly 4000 mg/L. The con-
centration in the brine is proportional to
the amount on the resin after regener-
ation, so the proportion of the column in
the Mge+ form increased significantly
between runs 1 and 5. Because of the
relative selectivity of the resin, Mg+ can
be displaced more easily than Ca?+, so

*The influent concentration for the fourth and fifth runs
was 20 mg/, instead of 20 mg/L. The bed volumes processed
to a particular effluent concentration were thus multiplied
by the ratio 29:20 before plotting the data for these runs in
Figure 7.
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Figure 9. Barium breakthrough curves for cyclic column runs

the higher capacity is expected. Addi-
tional experiments, however, are neces-
sary to confirm this reason.

Cocurrent regeneration is less effective
than countercurrent regeneration be-
cause Ba remains on the resin at the
effluent end of the column after the
former. Figure 10 shows the high Baz+
leakage that resuits after cocurrent
regeneration and the low leakage that
results after countercurrent regenera-
tion. The same strength and dosage of
regenerant were used in both cases.
Cocurrent regeneration of Na-form resins
is commeon, and, generally, leakage is not
a problem, but this may be caused by the
greater difference in selectivity between
Nat+ and Ba2+* compared with the differ-
ence between Ca2+ and Ba2+. If cocurrent
regeneration of the Ca-form columnisto
be practiced, a larger regenerant dosage
may be necessary toremove enough Baz+
to stop excessive leakage. Brine reclam-
ation and reuse could make this alter-
native economically feasible.

Characteristics of the wastewater
during the cyclic column runs are shown
in Table 5. Rinse water consisted of the
portion of regeneration wastewater that
was not saved for reclamation and reuse.
If spent brine is not reclaimed but is
disposed of with the rinse water, both
the Ba2+ and the TDS concentrations of
the combined wastewater will increase
by factors of 16 and 10, respectively. In
addition, the volume of wastewater will
increase 50 percent. Reusing spent brine
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can significantly reduce wastewater
disposal problems. However, the BaSO,
sludge produced during reclamation of
spent brine must also be disposed of.

Radium removal in cyclic column runs.
The ability of a Ca-form resin column to
remove Ra from water was evaluated by
performing four exhaustion-regenera-
tton cycles. The fifth cycle consisted of
exhaustion only. Infiuent water was
similar to that shown in Table 1, except
that 43 pCi Ra?%/L replaced the Ba.
Exhaustion in the 4.7-in. (12-cm)column
was carried out at 1.35 gpm/sq ft (3.4
m/h) for 500 BV. Termination of the run
at 500 BV was arbitrary; additional runs
are needed to establish the BV to break-
through. Regenerant brine consisted of
0.85 M Caz+ and 0.2 M Mg?+. The brine
loading rate was 0.29 gpm/sq fr (0.7
m/h), and the dose was 6 eq Ca/L resin
(27.5Ib CaCl,'2H,0/cu ft resin [440.5 kg
CaCl,-2H,0/m3 resin]). The spent brine
was not reclaimed for reuse. Rinse water
volume was 8.5 BV.

The average effluent in each of the
five exhaustion runs was <0.5 pCi
Ra?26/1, (98.8 percent Ra removal). The
amount of Ra placed on the column
during exhaustion was 45 pCi Ra/g dry
resin {0.02 xCi Ra/L resin). Radium
capacity at breakthrough was not deter-
mined. However, the high Ra removal
indicates that the Ca cation exchange
process can also be used to treat water
with a high Ra content. The brine
reclamation process would have to be

modified by adding BaCl, along with
CaS0, tocoprecipitate Ra with BaS0,.'*
The effectiveness of this method for
removal of Ra?* from brine was not
tested. Water supplies containing both
Ba?+ and Ra2+ could also be treated by Ca
cation exchange. If sufficient Ba?+ is
present in the spent brine, the addition
of solid CaS0O, will coprecipitate Ra?+
and Ba?+ as Ra-BaSO0,.

Summary and conclusions

A strong acid resin in the Ca form
achieved excellent removal of Ba?+ and
Raz+ from water containing 15-30 mg
Ba2t/L and 43 pCi Ra??%/L. The resin
was regenerated easily with CaCl, brine,
and after repeated exhaustion-regener-
ation cycles using reclaimed brine, the
only water quality change observed
during the production cycle was the
reduction of the Ba2+ and Ra?6 concen-
trations. Total hardness., alkalinity, pH,
and other parameters were essentially
unchanged. Operation of this column in
parallel with a strong acid, Na-form
column will enable the production of
water that meets the standards for Ba
and Ra and has the hardness desired for
distribution. The capacity of the virgin
Ca-form column for Ba2+ was approx-
imately 75 mg Ba?+/g dry resin (H+
form), or 32 g Ba?+/L resin (Ca form).
The capacity of the column after several
exhaustion-regeneration cycles depends
on the dosage of regenerant.

The CaCl, regenerant concentration
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of 0.85 M was found to be significantly
maore effective at a given dosage than
higher (1.69M) or lower (0.42 M) con-
centrations. The amount of Ba2+ removed
from the resin increased and Ba?+ leakage
from the column decreased as the regen-
erant dose increased. However, regener-
ation efficiency decreased as the regen-
erant dose increased. A dose of 6 eq
0.85M CaCl,/L of resin removed 92-100
percent of the Ba2+ on the column at an
EBCT of 51 min. Cocurrent regeneration
resulted in much more leakage than
countercurrent regeneration, but further
studies with higher regenerant dosages,
possibly followed by mixing of the bed
after regeneration, may result in good
operation with cocurrent regeneration.

The spent Ca(l, brine can be reclaimed
for reuse. Addition of 10 percent molar
excess solid CaSO0, resulted in reduction
of the Ba2+ concentration to about 100
mg/L. The CaSO, dissolved, and BaS0Q,
precipitated. Reuse of brine was possible
after removal of the precipitate by fil-
tration. The concentration of Mg+ in
the brine increased through successive
cycles until a plateau was reached. This
resulted in a column that was partially
in the Mg2+ form at the beginning of an
exhaustion run, but this does not pose a
problem because Ba2+ and Ra?+ can re-
place Mg2+ more easily than Ca2+. I the
brine contains Raz+ as well as Ba2+, the
Ra?+ will coprecipitate on the BaSO, and
thus also be removed. However, a Ba
salt, such as BaCl,, will have to be added
along with the CaSO, to spent CaCl,
brine containing only Ra?+ in order to
achieve Ra2+ removal.

Additional research is needed to refine
the process. In particular, the best pro-
cedure to precipitate and separate Ba
and Ra needs to be established. A proce-
dure is also needed to control the precipi-
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tation process to ensure that the Ba2+
and Ra2+ have been removed and that too
much SOf has not been added. The
brine reclamation process should signif-
icantly reduce the brine disposal prob-
lem, but ways of disposing of the precipi-
tate must be found, and the cost involved
in using the process must be established.
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Conclusions and Recommendations

The partlcle -counting technique has
been found to"be useful in pilot-plant
tests aimed al selecting water treatment
processes and optimizing operating pa-
rameters for unit processes. Particle
counts are useful in conjunction with
other water quality and operating pa-
rameters.

One area for future research is the
development of a convenient method for
distinguishin'g inorganic from organic
particulates in water supplles Fuither
work on disinfection is also needed to
define” those circumstances’ in which
particulates in the water supply may
shleld pathogens from a disinfectant.
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The Eff:cnency of Water Treatment
Processes |n Radlum Removal

Dorothy L Bennett

In Illlnols, one of the lew etales in which naturally occurrlng radioactive malerlals
affect public water supplies, a study was undertaken to evaluate the elteetlveness of
conventional water soﬂenlng processes in removing radlum. Dol :

The Intenm anary Standards of the
Safe Drinking Water Act have focused
attention on water contaminants that are
potentially hazardous to the health of the
consumer. Illinois is one of the few states
which will be affected by the regulations
for naturally occurring radioactive mate-
rials, specifically radium. A study was
conducted to investigate the effectiveness
of conventional water softemng processes
in lowering radium levels to minimize the
exposure of those peoplelivingin areas of

] “naturally occurrmg radium. .

- The Problem in Illlnois ‘_t,‘.::._‘...-i' ;f.

Gross alpha activity has been moni-
tored in Illinois by the Environmental
Protection Agency for a number of years.
Results indicate that 72 public water
supplies have gross ‘alpha activity in
excess of 15 pCi/l; 147 range from 5.0 to
14.9 pCi/l; and 115 range from 3.1 to 5
pGi/l. .In general, these supplies lie

.across the northern part of the state in a -

"band that is relatively narrow at the

eastern edge and broadens as it goes west

(Fig. 1). There are a few isolated spots in
southern lllinois, but they are very sma]l
compared to the northern area.

Past studies' have mdxcated that at

-' least, part of the alpha activity in these

R L L e V4

areas is due to naturally occumng depos-
its of radium found pnmanly in wells
1000 or more feet deep.? -

Since these deep wells are the ma;or .

source of water in this area of the state, it
will be necessary to reduce the levels of
radium which reach the consumer.
Unfortunately, little information is avail-
able on sahsfactory methods for doing
this.

" Because of the Iarge number of water
supplies in Illinois that will be affected
by the regulations in the Interim Primary
Standards of the Safe Drinking Water
Act, the Illinois Environmental Protec-
tion Agency (IEPA) was asked to partici-
pate in a USEPA-sponsored study -to

determine the effect of. conventmnal,

water softenmg processes on radmm

. Selection of Water Supplles T l};

-+ Criteria  used - to select the -water
supplies to be included in this study
were (1) that the raw water contain suffi-
cient radium-226 ‘so -that changes in
concentration could be measured accu-
rately, and (2} that the water plant have
some type of softening equipment. It was

planned to have as many types of soften- .
. ing methods as possible represented, and
i\’ to have water treatment plants of various

ANORARNY /7R /120698-04501.00

sizes. With the help of Argonne Nations
Laboratories, water supplies were ident.
fied which have radium-bearing well
Those selected were Dwight Correctior
al Center, Herscher, Lynwood, Peru, an
Elgin. The correctional center, whic
serves a population of approximate!
250, has one softener unit that uses nati
-ral green sand. Herscher and Lynwoo:
which serve populations of approx
mately 1000 and 4000, respectively, bo*
utilize styrene-based zeolite for softe:
ing. In addition, Herscher has an irc
removal filter ahead of the softener. Bo
Peru and Elgin use lime softening a:
serve populatlons greater than 10 000.

Sampling Procedures . . -

Schedule. .Since the main purpose '
Y the study was to determine the effect
conventional wat_er treatment on radiu
content, sampling was done after ea:
step of the treatment process. Samples
raw, aerated, and softened water we
collected in each of the ion exchan
softening plants. At Herscher samp’
were also collected after the iron filt
Because the ion exchange softeners op.
ate on a definite cycle, samples we
collected shortly after the softeners we
regenerated, -at ‘the approximate mi
point of the cycle, and at a time ne
breakthrough. -Samples were collect
three times at each location at appro
_mately one-week intervals. :
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1l s ‘g ) Rcdrum-zzs Removul Eﬂicxcncy With Ion Exchange Softening
‘: ~ i Percantage Removsl
mtE . . . First Second Third
2 it = . Sample Sourcs Sampli S ling Sampling Aversgs
Plant 1 (satural green sand)
¥, regensrated 89 [ X] 916 1]
midpeint %80 w7 %0.8 a1
V; __J near breskthrough - 902 702 -5 840

[ Plant 2 (styrene-based zsolite)

) regenerated 20 (%] 260 [ 18}
{ - midpoint . w2 o718 .7 969
| R y " near. breakthrough .4 s N -V | .8

i - - Plant3 (ﬂ'm:n-bu-d nollln)

] 73 970 "y 9es

: ° midpoint R 0.3 78 "2 a0

j " uear breskthrough - : ' C sas 982 : 973

Ll 7 TABLE 2
Radium-226 Removal Efficiency With Lime Softening
. Parcentage Remaval .
Sample | First Second Third .

) } Source pH Sampling Sampling Sampling Avarage

: Plant 4 L7 24 708 7”9 a3

Flg. 1. Areas In lilinois Where Natural Radio- . Plamts 102 oy 260 oo P

activity May Be Expected

At the lime softening plants, samples
were limited to raw and fiitered water,

Again, samples were collected three-

times at one-week intervals. :,

Preservation and quatity control. To en-'
sure the integrity of-the samples during-
transport, the sampling containers were
prepared with the proper preservatives

by the laboratories that. would be

" performing the varicus portions of the

analyses. Argonne National Lahorato-
ries, which performed the radium-228
analysis, prepared the botties by using
disodium EDTA as a preservative to
prevent the plating of the radium on the
container walls. Every tenth sample was
collected and analyzed in duplicate.

Samples were submitted to the IEPA -

laboratory in Chicago for mineral, trace

metal, and gross alpha and beta analyses.
The containers for this portion of the -
analyses were provided by the agency .
laboratory. Redistilled nitric acid was

added to the bottles used for trace metal
analyses to prevent plating, Since the
bottles were disposable, representative
samples from each batch of bottles were
acidified and filled with distilled water.
After a few days’ storage, all of the
appropriate analyses were performed on
the acidified distilled water blank to

ensure that containers were uncontami- |
nated. The portion of the sample used for -

the remainder of the mineral analyses

was coilected in an untreated polyethyl- .

ene bottle. .

nF«‘"FMRFH 1978

All samples were refrigerated during
transport to minimize changes in nitrate
and alkalinity. Every tenth sample was
collected and analyzed in duplicate.

Radium Removal Efficiency

Radium removal, in general, was good
with both jon exchange and lime soften-
ing. The removal efficiency for ion
exchange ranged from 70.2 to 98.2 per
cent. Removal at the lime softening
plants did not appear to be quite as
effective, ranging from 70.6 to 92.4 per
cent (Tables 1, 2).

Not evident from these tables is that
the water from the ion exchange soften-

ers is reduced to near-zerc hardness. In

order to stabilize this water before
putting it into the distribution system,
unsoftened water is blended with the
softened water. This, of course, raises the
radinm content of the water reaching the
consumer. However, in each of the cases
tested, even- with the blending the
radium-226 content of the finished water
stayed within the range of 0.38 to 2.37
pCi/L

At most of the lime softening plants,
the water is softened only to the point
desired and blending is unnecessary.
Also, in the lime softening plants the
treatment is constant, while in the ion
exchange plant breakthrough was ob-
served at about the same time as the
calcium-magnesium breakthrough. The
amount of lime fed was based on the

\

L

hardness to be removed to bring the
finished water to the desired quality. No
laboratory analyses of the lime were
made to determine its radium content.
However, readings of the dry lime taken
with a field instrument indicated no
significant radioactivity.

The plant at Herscher had an anthra-

" filt iron filter ahead of the softener. This

filter removed from 47.5 to 54.5 per cent
of the radium. Since this treatment was
used at only one plant, it is impossible to
conclude that iron removal is an effec-
tive means of removing radium; more
study will be required to see whether this
is generally true or is a phenomenon
peculiar to this particular plant.

Fleld Study

In addition to the laboratory testing, a
field survey was conducted to observe
the plants in operation and to determine
the levels of radiation in each plant.
Although radiation levels in the plants
were elevated above normal back-
ground, it was not felt that the levels
present a hazard to the operators. Levels
within the plant shouid not produce an
occupational exposure of more than 25
to 100 mrem/year, whereas radiation
workers are allowed exposure of 5000
mrem/year.

During the field study a survey of the
iron filters and softeners was made to
determine whether or not a buildup was
occurring within the tank, Readings were

D.L. BENNETT 699
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taken against the gside walls of each tank -

and a rate profile developed. The rate

- profile of the softeners at Lynwood (Fig.
. 2) does indicate some buildup in each of

the plant’s three softeners. Figure 3
shows the condition of the iron filters

" and softener at Herscher. Significant

quantities of radioactive materials are
building up at approximately 0.6 metre
from the bottom of the filters, with much
lower levels evident in the softener.

Waste Problem

Another question was what happened
to the radium that was removed. Presum-
ably, it was in the waste or was being
deposited on the zeclite or anthrafilt. To
find out, samples of backwash and brine
rinse water, resin, anthrafilt, and lime
sludge were analyzed. .

It was found that much of the radium
removed from the water was released
from the ion exchange softeners. Sam-
ples of backwash, brine, and rinse water
were composited. Radium content of the
wastewsater varied according to the
radium content of the raw water. Dwight
Correction Center, which had a low

. radium content in the raw water (average

3.25 pCi/l), had an average of 26 pCi/] of
radium-226 in the wastewater. Lynwood
and Herscher, each with approximately
15 pCi/l of radium-226 in the raw water,
had averages of 72 and 106 pCisl of

radium-226 in the wastewater respective- .

ly. The precision of these values, howev-
er, is questionable because of sampling
technique: Samples were collected with
a small sump pump whose lines clogged
frequently, making it impossible to com-
posite samples evenly over the regenera-
tion cycle,

A much better evaluatmn of the waste-
water was made during one regeneration
cycle at the Herscher plant. Samples
were collected every six minutes, start-

ing with the backwash and ending with

the fast rinse. Figure 4 shows clearly that
very little radium was released during
the backwash. As the brine came
through, the radium was released rap-
idly, and the quantity rose very sharply

-to a peak at 315 pCi/l. The drop-off was

also very sharp, finally leveling off near
zero. When calculations were made
taking into consideration the rate of
flow, radium-226 in the wastewater was
found to average 54 pCi/i over the regen-
eration cycle. During this cycle 16 000
litres of water were used.

Samples of ‘anthrafilt and ion ex-
change resin were collected for evidence
of radium buildup in the softeners and
filters. The rate profiles developed dur-
ing the field visit were used to determine
the depth of highest activity so that

samples could be collected at that level.

In some cases this was impossible
because the entry port was on the side of
the unit, and the sampling devices could
not be inserted to the proper depth.

1700 - WATER TECHNOLOGY/QUALITY

Analysis of these solid materials_

presented additional problems. Argonne
Laboratories attempted to extract the
radium by various methods. A sample of

' the natural green sand from Dmght

Correctional Center was divided into
separate portions, one extracted with
hydrochloric acid and one with EDTA.
The USEPA examined a similar sample
by gamma spectrometry using a german-
ium-lithium detector. Results showed
considerable variations, with the acid-
extracted sample showing a radium-226
content of 34.22 x 0.55 pCi/g and the
EDTA extract showing 28.86 + 0.46
pCi/g.” The gamma scan . showed
46.4 + 5.5 pCi/g. The USEPA examina-
tion also included the radium-228 con-
tent, which indicated the presence of
59 + 2.2 pCi/g.

- The highest levels of activity were
found in the materials from Herscher.
The anthrafilt. samples showed 111.6

pCi/g of radium-226 and 38.9 pCi/g of

radium-228. The zeolite resin contained
43 pCi/g of radium-226 and 15 pCi/g of
radium-228. In contrast, the plant at
Lynwood, which had approximately the
same radium content in the raw water

" and did not have the iron filters ahead of
.. the softeners, had a radium-226 content

of 9.6 pCi/g and a radium-228 content of
8.6 pCi/g. This difference reflects the
buildup that occurs over time. The plant
at Herscher has been in operation for
about ten years, and the Lynwood plant
for only two.

The information gathered is incom-
plete because the number of samples
collected and analyzed had to be limited.
However, the results clearly indicate that
there is a radium buildup in both the
anthrafilt and the zeotlite.  More study

~ will be needed to determine how large a

reservoir of radioactive material is being
built up within the filters and softeners,
and the rate at which the buildup
oceurs.

Similar evaluations of the lime sludge

from Elgin and Peru were made. As
expected, the radium was precipitated
along with the calcium and magnesium.
The results of these tests were not very
consistent, ranging from 1.26 to 30 pCi/g.
At first glance this may not seem to be
very much radium but, considering the
amount of sludge produced, it is a signif-
icant amount, -The plant at Eigin, for
example, uses 1900 to 3800 kg of lime
each day. It is estimated that 2 kg of
sludge are produced for each kilogram of
lime used. At this particular lagoon the’
radium-226 content in the sludge ranged
from 6 to 30 pCi/g. At the lowest and
highest values, between 2.28 x 10° and
2.28 X 10* picocuries of radium are de-
posited in this lagoon each day. :
. The supernatant liquid : from the
lagoon was not analyzed for radium.
However, the gross alpha count was low,
ranging from 2.1 to 4.1 pCi/l.
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Evaluating Various Adsorbents
and Membranes for Removing
Radium From Groundwater

Dennis Clifford, Winston Vijjeswarapu, and Suresh Subramonian

Field studies were conducted in Lemont, IIL, to evaluate specific adsorbents and reverse
osmosis (RO) membranes for removing radium from groundwater. A radium-selective
complexer and barium-sulfate-loaded alumina appeared to have the best potential for low-cost
adsorption of radium from raw water or ion exchange brines, provided that the problem of the
ultimate disposal of spent media can be soived. A new, low-pressure (70-psig) RO moduie
achieved radium and total dissoived solids (TDS) rejections of 91 and 87 percent, respectively.
Central treatment with standard or low-pressure RO modules would be effective for radium
removal—but expensive and unnecessary if TDS reduction is not also required. Point-of-use
treatment using RO is effective for removing radium and may be cost effective for very smalil

communities.

According to a recent survey,! an esti-
mated 500 community water supplies
exceed the US Environmental Protection
Agency (USEPA) allowable maximum
contaminant level (MCL) for radium in
drinking water: 5 pCi/L for the sum of
Ra-226 and Ra-228.2 These are ground-
water supplies, and in many cases
alternative sources are not availableata
reasonable cost. Thus, as enforcement
orders are implemented, many commu-
nities will have to install treatment to
reduce radium levels. .

This is a partial report of the results of
a USEPA-funded 15-month bench- and
pilot-scale field study in Lemont, Iil., of
the possible techniques for radium re-
moval. The University of Houston-
USEPA mobile drinking water treatment
research facility, built in 1980 for study-
ing the removal of inorganic contami-
nants from small community water sup-
plies,? was used for the study. It was
modified in 1986 to provide for safe
operation with radionuclides and was
moved to Lemont in December 1986,
where it remained until the completion
of this studv in April 1988.

Two proven full-scale methods for
radium removal are sodium ion exchange
softening and lime-soda softening.+6
With these traditional processes, how-
ever, radium removal is an adjunct to
softening, and the processes have not
been optimized for radium removal.
Recent modifications to the traditional
softening methods have been reported
by Snoeyink and co-workers?™?but have
not yet been tested in field situations.
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Accordingly, one of the main objectives
of the present study was to optimize the
ion exchange softening process for ra-
dium removal using a typical radium-
contaminated groundwater. This in-
volved extensive experimentation with
various resins, regenerants, and opera-
ting techniques, and the resuits of the
ion exchange portion of the study will be
reported in a future article.

Reverse osmosis (RQ) hyperfiitra-
tion+1® has aiso been shown to be an
excellent method for radium removal,
but, again, radium removal has been
studied only ag an adjunct to the primary
purpose of the process, which is reduc-
tion of total dissolved solids (TDS). Con-
ventional processes are generally con-
sidered to be too expensive to be used
solely for the purpose of removing a
trace contaminant like radium whose
MCL translates to an allowable radium
concentration of 0.000005 mg/L based
on Ra-226. Membrane technology has
been advancing at a rapid pace, however,
and one of the objectives of the present
study was to evaluate the new lower
pressure membranes for radium removal,
softening, and TDS reduction. Also,
point-of-use (POU) treatment systems
utilizing RO modules as the main treat-
ment device were evaluated because such
devices are being considered as possible
means of compliance with the provisions
of the Safe Drinking Water Act.!!

The focus of this article is the use of
packed beds containing granular- or
bead-form radium-specific adsorbents.
Onesuch adsorbent, the radium-selective

complexer (RSC),* has been studied for
the decontamination of uranium-tailing
pond effluents’? and radium-contam:
inated drinking water. 3¢ In spite of the
successful use of RSC in these studies.
several important questions remained
unanswered. These were addressed ir
the present study and include:

® What does a typical radium break-
through curve look like for low leve!
radium-contaminated feedwater?

® What is the ultimate radium capacity

_of RSC in drinking water applications?

e [s prefiltration necessary for low
iron waters like the Lemont ground
water?

The major unanswered question, how
ever, was not addressed here and deals
with the ultimate disposal of the ex
hausted adsorbent. (It is considerec
nonregenerable although this has no:
yet been proved.) Using RSC or amy
effective radium adsorbent presents :
dilemma—the more effective the adsorb
ent, the more highly loaded it become:
and, consequently, the more difficult i
its disposal. In fact the disposal probler
with this very effective radium adsorb
ent was so significant that an announce
ment was made in December 1987 tha
the product would no longer be com
mercially avaiiable through the Dow
Chemical Company.!® The fact that it:
commercial future is uncertain shoule
not detract from its proved effectivenes:
for radium removal, which was furthe
verified and quantified in this study.

In addition to RSC, other radium
selective adsorbents were studied i1
Lemont. These were generally two types
manganese-impregnated beads and bar
ium-sulfate-impregnated (BaSQ ;loaded
activated alumina. The former produc
was offered for testing by its manufac
turers, whereas the BaSO ;loaded alu
mina (patent applied for) was develope:
specifically for radium removal fror
drinking water in the University o

*XSF 43230.00, Dow Chemical Co., Midland, Mich.

JOURNAL AWW



TABLE 1
Analyses for Ra-226, Ra-228, and Ra-224
P ————. e ———
Sampie
Date Date Age Activity*
ID | Sampied | Analyzed| deys Method, Isotope, and Laboratory pCi/L
a+ | 1/16/87 | 2/26/87 45 Ra-226, 903.1, USEPA 113
br v 2/03/87 3/09/87 37 Ra-226. 903.1. Univ. of Houston 12.0
c* 3.-20/87 3720787 0 Ra-226, gamma spectroscopy. Argonne 11.8
a4+ 3/31/87 4/29/87 28 Gross radium alpha, 900.1, Univ. of 11.8
Houston (Lemont)
d 4 1/ 16/8; g/xgg/a; 45 l;R:ZZS 904.0, USEPA 6.1
e 3720/8 /8 o] -228, gamma spectroacopy, Argonne 6.8
ft | 3/20/87 | 3/20/87 0 Ra-224, gamma spectroscopy. Argonne 6.4

“Previously reported values for sampies from this well were Ra-226 = 12.8 pCi/L and Ra-228= 5.6 pCi/L.
*Ra-226 anaiyses (a, b, and c) by the standard radon emanation technique are in agreement when
performed by the University of Houston, USEPA. and Argonne. The gross radium alpha result (d) agrees

with the Ra-zzsamlym(t.h.l_ndc)ntenwwdma

1Analyses were performed by using adsorption

counting.

TABLE 2
Chemical ﬂuysis of Lemont, 1ll., groundwater supply*

ame,
from acidified 20-L samples onto RSC followed by gamma

_—_.T-—___—m
. Concentration Concentration

Parameter mg/L meop/L
Alkalinity as CaCO, 227 2761t 5.54
Hardness as CaCO, 245230 4.90
pH 72(7.4)
Total dissoived solids 439
Silica 75
Calcium 4 706D 349
Magnesium 17(22) 14
Strontium 6.1 0.07
Barium <0.2 (0.015)
Iron 0.22 0.008
Manganese 0.009 0.0003
Sodium 83 2.74
Potassium 125 032
Copper 0.018 0.001
Zinc 0.018 0.001
Aluminum 0.067

0.034 0.0003

Total cations 8.06
Bicarbonate 338.0 5.54
Chloride 310 0.87
Sulfate 80.0 167
Fluoride 141 0.074
Nitrate + nitrite a8 N 0.06 0.001
Total anions 8.15

*All analyses were done by Enviro-test/Perry Laboratories Inc.. Downers Grove, IIL; sample from
Houston Street well on 1/21/87.
+Values in parentheses were obtained in UH/USEPA trailer in Lemont.

TABLE 3
Analysis of backwash water
—  —  — — — ——————
Eiement Raw Water Soitener Backwash Filter Backwash
Ca=—mg/L 70.0 823 B4
Mg—mg/L 17.0 18.1 183
Sr—mg/L 6.1 5.5 43
Ba—mg/L <02 03 02
Mn—mg/L 0.009 49 24
Fe—mg/L 022 4800 276.0
TABLE 4
Ra-226 to Ra-228 ratio in water and adsorbent samples*
S
Ra-226 Re-228
Sampie »pG/L pCi/L Ratio
Lemont water 11.8 6.45 1.82
lon exchange effluent 5.26 297 1.77
Filter backwash 184.0 102.0 1.80
Exhausted RSC 751.000 429,000 1.75
Exhausted BaS0, alumina 419,000 250,000 1.68
Exhausted cation resin 30,340 16,215 1.87

*All determinations were made by the gamma spectroscopy method.?
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Houston Environmental Engineering
Laboratories. It is not commercially
available. Plain activated alumina was
also experimented with as a radium
adsorbent, primarily as a control for
comparison with the BaSO.loaded
alumina that proved to be so effective.

Materials and methods

Both the research trailer and the field
researchers’ living trailer were located
immediately adjacent to the Houston
Street well pump house located under
the 300,000-gal water tower. The re-
search trailer's water supply was the
Lemont distribution system, which is
supplied by two wells: the Houston Strest
well and the State Street well. Source
water for the experiments was predom-
inantly chlorinated groundwater from
the Houston Street well, which was
always in use. The State Street weil,
although not a significant contributor to
the trailer feedwater, was also contam-
inated with radium and was of approx-
imately the same composition as the
Houston Street well. Wastewater from
the research trailer was discharged into
the sanitary sewer.

Adserption celumms. The pilot-scale
adsorption experiments were performed
using 8-in.-diameter clear acrylic, 2-in..
diameter glass, or i-in.-diameter glass
columns. Media depth was generally
30-40in. (76-102 cm), and the empty bed
contact time (EBCT) was in the range of
0.5 to 10 min. (Additional column opera-
ting details are given with the respective
breakthrough curves.) Exhaustion was
usually downflow, although upflow was
experimented with in some cases in
which the specific adsorbents collapsed
during downflow operation. (This col-
lapse occurred only with the cellulose-
based adsorbents,) Feedwater was
pumped through the main flow system
using a plastic (PVC)impeller centrifugal
pump. In addition to PVC, the materiais
of construction of the adsorption flow
system were glass, PTFE, polyethylene,
fluoroelastomer, and stainless steel.

Complete details regarding the flow
systems in the research trailer can be
found in the report of the design, con-
struction, and operation of the facility.?

Prefiltration. A 12-in.-diameter deep-
bed filter containing 30in. (76 cm)of 12 %
28-mesh aluminosilicate AG medium was
used for all but a few of the early
experiments that demonstrated sus-
pended solids were clogging and fouling
theresins and adserbents. Further, these
solids tended to adsorb a significant
portion (approximately 30 percent) of
the gross alpha activity and radium. The
filter velocity varied, depending on the
number and size of columns in use, but
in no case did it exceed 2 gpm/sq ft {5
m/h). Prefiltration was not used ahead
of the POU system, which contained its
own prefilter.
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RO ogmipment. Three types of RO
modules were tested: (1) RO-1—a hollow-
fiber (HF) polyamide membrane type
with a rated flow of 2,100 gpd at 50
percent recovery and 400 psig feed pres-
sure.* (2) RO-2—a spiral-wound (SW)
thin-film-composite (TFC) type rated at
1,800 gpd of product water at 10 percent
recovery and 225 psig feed pressure,f
and (3) RO-3~—an experimental low-pres-
sure SW TFC type rated at 1,700 gpd at
15 percent recovery and 70 psig feed
pressure.] Module RO-1 had been used
successfully in five previous studies over
a period of six years, and module RO-2
had been used in one previous study.
Module RO-3 was new, and, todetermine
reproducibility, two different modules of
the same construction were tested.

The RO flow system consisted of
dechlorination with sodium sulfite
(Na,S0.), pH adjustment with hydro-
chloric acid, deep-bed filtration with the
AG-medium filter, 5-um cartridge filtra-
tion, pressurization with a nine-stage
pump, and, finaily, RO hyperfiltration.
The feed pH was adjusted to the value
recommended by the manufacturer after
calculation by a computer program using
the chemical composition of the feed-
water as the primary input. Only single
modules were used in each test; thus 50
percent recovery was required for the
HF module whereas only 12-15 percent
recovery was possible with the SW
modules. In general, five-day continuous
tests were performed with sampling

twice daily.
comploxer. The RSC
is a standard polystyrenedivinylbenzene
strong acid cation resin in the sodium
form containing a barium sulfate precip-
itate.'® Thus, it is not really a complexer
but rather a carrier of BaSQ, micro-
crystals that scavenge radium from
solution. The preparation of a class of
BaSQOoaded resins is described in a
Canadian patent granted to the Dow
Chemical Company in 1984.1
For the experiments described here,
2,000 cm? of the 20 X 50-mesh beads were
loaded into a 2-in.-diameter glass column
toadepth of 40 in. (102 cm). The column
was operated at an exhaustion flow rate
of 375 gpm/sq ft for an EBCT of 0.67
min. {The EBCT is based on the initial
volume of the RSC. During exhaustion,
this strong acid cation resin changed
from the sodium to the calcium form,
with a resulting 25 percent loss in
volume.) This exhaustion rate was
greater than the recommended rate!® but
was deemed necessary to shorten the
run time to a reasonable length. A pre-
vious study with the complexer'2 showed
nosignificant change in radium removal
efficiency in the range 2-20 gpm/sq ft
during upflow operation. Furthermore,
the RSC run lasted in excess of 40
days-—a more than adequate time for the
complexer near the top of the bed to

—
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Possible
assessed 1n a research trailer suppiied
by satar from the Lemont, I, sysiem.

come to near equilibrium with the
feedwater.

Manganese-contalaing sdserbents. Sev-
eral samples of experimental adsorbent
beads§ were tested in Lemont. One such
adsorbent, CYC, is described as “a non-
toxic, noncorrosive, and insoluble cellu-
lose derivative interstitially containing
an insoluble metal oxide.” RadiSorb, a
polymeric adsorbent containing an in-
ternal oxidizing catalyst and Mn0,**
known to be an excellent adsorber of
radium and barium,”® was evaluated for
radium removal. Two different lots of
the same material were tested because
the first sample disintegrated during
testing. These MnOcontaining adsorb-
ents were tested in 1-in.-diameter glass
columns loaded to a depth of 30 in. (76
cm) and backwashed extensively before
use to wash out fines.

aluming adsorbests. The plain
activated alumina used in the Lemont
radium adsorption experiments was un-
treated 28 X 48-mesh F-1 alumina.* This
low temperature activated alumina®isa

ium removal techniques were

mixture of gamma and amorphous alu-
mina. The BaSQ  lcaded alumina was
prepared in a 1-in.-diameter glass column
by slowly rinsing a 30-in.-deep bed of
plzin alumina with 10 bed volumes (BV)
of 0.25 N suifuric acid (H,S0) followed
by 10 BV of 025 N barium chloride
(BaCl,). Exposing the alumina to H,S0,
converted its ligand exchange sites to
the relatively highly preferred sulfate
form.?! Adding the BaCl,resulted in the
precipitation of BaSO,in the micropores
of the alumina. The proposed reaction is

23 Al - HSO, + BaCl, = 2

= Al - Cl + BaSO, + H,50, W

Excess BaSO, was washed off the
alumina by extensive rinsing with
radium-free RO product water. The
BaSQ, loading procedure was not opti-
mized in Lemont, however. An extensive
study of the preparation of BaSO ;loaded

*Model B9 0420-021. DuPont. Wilmington, Del.
tModel BW-30-4030. Film-Tec/Dow, Midland, Mich.
jModel NF 704040, Filin-Tec/Dow, Midland, Mich.
§lsoclear Systems Corp., Yorkville, Il

**Grindl and Assaciates, Dellas, Texas
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alumina and its radium removal per-
formance is under way at the University
of Houston.

POU system. Spirai-wound cellulose-
acetate (CA) and TFC membranes were
tested in the POU treatment system.?t
The system was installed under the
laboratory sink in the research trailer
and was operated in a normal fashion;
i.e., water was drawn intermittently as
needed. This system provided water for
the laboratory demineralizer cartridges
and for general lab use. In addition, it
provided water for the two field re-
searchers for drinking and cooking.

Water treated in the POU system
passed through a fiber-wound cartridge
filter, a granular activated carbon (GAC)
fiiter, the RO module, and a final GAC
filter before being stored in a pressurized
storage tank. The system operated at
line pressure (50-60 psig) and had a
nominal capacity of 8 gpd of product
water. Samples of the feedwater, cart-
ridge filter effluent, GAC effluent, and
product water were taken weekly and
were analyzed for radium, hardness,
and conductivity.

Analysis for rodiom lsotepes. The re-
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ported levels of radium isotopes in the
Lemont water were 12.8 pCi/L of Ra-226
and 5.6 pCi/L of Ra-228.2 In fact, one
reason for choosing Lemont for this field
study was the presence of a significant
level of Ra-226 activity, which is easier
todetermine analytically than is Ra-228.
These isotopes were assumed to be
chemically and physicochemically in-
distinguishabie. Therefore, removals of
Ra-226 by ion exchange, adsorption, and
membrane processes were expected to
be equivalent to those of Ra-228. This
assumption was checked many times
during the study and was found to be
true, within the limits of analytical error.

The gross radium alpha screening
technique (USEPA method 900.1)* was
used extensively in this study. It em-
bodies BaSO ,carrier precipitation, glass
fiber filtration of the BaRaSO, precipi-
tate, and alpha counting. It is a relatively
simple, economical, and precise proced-
ure and is highly suitable for field use.
About 2,000 samples were analyzed using
this method. A significant modification
to the procedure, implemented in Lemont,
was that a minimum waiting period of
20 days was used either to hold the
water sample prior to precipitating
BaRaSO, or to age the precipitated
BaRaSO, prior to counting. (Holding the
precipitate is preferred because it results
in higher, more stable counts.) This
waiting period is necessary to allow for
thedecay of Ra-224 (half life = 3.64 days)
and its alpha-emitting progeny that
interfere with the interpretation of the
gross radium alpha counts, presumed, in
method 900.1, to result solely from Ra-
226 and its progeny.

Before it was realized that Ra-224 was
present in the Lemont water, resuits
from method 900.1 were higher than
expected. In an attempt to explain the
discrepancies and to provide outside lab
verification of the radium analysis pro-
cedures, the Lemont water was analyzed
by the USEPA in Cincinnati, Chio, using
standard USEPA methods®*® and by
Argonne National Laboratories using a
gamma counting technique todetermine
Ra-224, Ra-226, and Ra-228 activities.®
The latter technique utilizes 200 mL of
RSC toquantitatively adsorb the radium
isotopes from a 20-L sampie. The radium
isotopes, concentrated on the resin, are
counted by gamma spectroscopy. The
procedure must be performed imme-
diately after sampling if Ra-224 is to be
determined. Sampies checked by the
USEPA were analyzed by USEPA method
903.1, the radon emanation technique,
for Ra-226 determination and by method
904.0 for Ra-228 determination. Addi-
tional Ra-226 check samples were an-
alyzed at Houston using the radon
emanation technique. Some radium analy-
ses from the early months of the study
are compared in Table 1, which shows
good agreement among the methods.

Equipment for the radon emanation
technique (a centrifuge, radon de-ema-
nation glassware, and a flask counter)
was eventually purchased for field use
in Lemont, where Ra.226 analyses by
method 900.1 (with a minimum 20-day
holding time for Ra.224 decay) were
occasionally checked by the radon ema-
nation technique during the later months
of the study. After the study had beenin
progress for nine months, a USEPA
analyst with expertise in radiological
analysis techniques visited the field site
for one week to instruct and work side
by side with the field researchers and
check the details of the radium analysis
procedures in use. He concluded that the
radium analysis methods in use, partic-
ularly method 900.1 with the 20-day
holding time, weare being properly exe-
cuted and interpreted.

Chomical ssalysis. Samples also were
analyzed for chemical contaminants at
the field location. Specific conductance
and pH were determined by appropriately
calibrated meters. Total hardness was
determined by EDTA titration (method
314B),* calcium by EDTA titration
(method 311C),* magnesium by the
difference between total hardness and
calcium (method 318C),?® and total dis-
solved solids (TDS or filterable residue)
by method 209B.% Field test kits were
used to determine chiorine (CN70) and
iron (IR-24).4

Some field support analyses were per-
formed at the University of Houston.
Inductively coupled argon plasma spec-
troscopy§ was utilized to determine
barium, strontium, iron, and magne-
sium?® in filter backwash samples ac-
cording to USEPA method 200.7. A com-
plete analysis of the Lemont groundwater
was performed by an outside laboratory
prior to the start of the study (Table 2).

Resuits and discussion

- Profiltration. Resin bed fouling was
observed during the first ion exchange
and RSC runs. The medium tended to
become plugged up with a dark brown
residue that removed a significant
amount (~30 percent) of the gross radium
alpha activity and Ra-226 contamination.
The small amount of iron in this water
(0.22 mg/L) was probably oxidized by
the chlorine added (the typical free chlo-
rine residual was 1.0-1.5 mg/L)and was

precipitated along with the other par-

ticuiates present. The manganese con-
tent of the raw water was low (0.009
mg/L) and, therefore, did not contribute
much to the résin fouling problem. It
may have contributed significantly to
the observed radium removal because
MnO, is reported to be 40 times as good

*Alcoa. New Kensington, Pa

Model H-82-C, Culligan International Corp.. Northbrook.

m
$Hach Co.. Loveland. Colo.
Piodel 5500, Perkin Eimer. Norwood, Conn.
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as ferric hydroxide [Fe(OH),] for radium
adsorption.’® Following these initial
runs, which required intermittent (and
undesirable) backwashing, all subse-
quent runs used deep-bed-filtered raw
water to avoid fouling of the packed beds
and membranes. Table 3 presents the
metals anaiysis results of two backwash
samples, one from the softener and the
other from the deep-bed filter, illustrating
the predominance of iron and showing a
smallamount of manganese. The radium
was in some way associated with the
particulate iron (and probably the man.
ganese) as shown in Figure 1, a plot of
the iron and Ra-226 content of the deep-
bed-filter backwash after about four days
of operation. Manganese was not de-
termined in the backwash samples, but
probably followed the same elution
pattern as iron.

Radium remeval by RSC. The first RSC
run was aborted because the unfiltered
feedwater caused resin fouling and the
need for frequent backwashing. Unfil-
tered raw water was unwittingly used
during backwashing, and this led to
premature leakage of radium that was
presumed to have been deposited with
the solids on the RSC beads near the
outlet of the column. This leakage could
have been avoided if treated water had
been used for backwashing, but the
more conservative solution of filtering
the feedwater was chosen for future
experiments. Another reason for choos-
ing prefiltration was that pilot studies
with the RSC'* showed that prefiltration
was often essential to produce long runs.
Premature termination of runs had been
forced by radium leakage that was
always associated with the breakthrough
of solids, particularly iron.

The Ra-226 breakthrough curve for
the second run with RSC is shown in
Figure 2. Up until about 18,000 BV, there
was no measurable Ra-226 in the effiuent.
Excluding flow interruptions, the RSC
was used for approximately 41 days
(89,000 BV) before the adsorbent came to
equilibrium with the feedwater. The
run length to the radium MCL was
approximately 38,000 BV. The MCL
corresponded to 3.25 pCi/L of Ra-226
plus 1.75 pCV/L of Ra-228, using the
assumption of a constant Ra-226-to-Ra-
228 ratio of approximately 1.8, the ratio
in the feedwater, The constant ratio
assumption was checked many times
during the Lemont study (Table 4).

Exhausted RSC samples from the top,
middle, and bottom sections of the bed
were analyzed for Ra-226 and Ra-228 by
gamma spectroscopy?* (Table 5). The
fact that the radium loading was nearly
uniform from top to bottom was a con-
firmation that the bed was exhausted.
Assuming equal sizes for the three sec-
tions, the average radium capacity mea-
sured at exhaustion was 1.08 nCi/cm?
(3.6 nCi/g). The maximum loading on

the RSC, at the top of the bed, was 1.18
nCi/em?. This is much less than the
advertised capacity range of 3-6 nCi/cm?
(10-20 nCi/g)*® but is, nevertheless, an
excellent capacity.

The advertised capacity range is ap-
parently based on the observed perfor-
mance of the RSC for uranium mine
water decontaminationi? in which the
influent radium concentration was much
higher than in Lemont. Table 6 compares
the RSC capacity observed in Lemont
with that in some mine water applica-
tions. It is clear that the radium adsorp-
tion capacity depends on the radium
concentration in the feedwater and is
nearly independent of TDS and total
hardness in the ranges shown. For
example, the Panel Mine water contained
approximately five times the total hard-
ness and TDS of the Lemont well water,
and yet the observed RSC capacity when
the Panel Mine water was treated was
nearly 10 times that observed in Lemont.
This strong dependence of maximum
radium loading on initial radium concen-
tration was not unexpected and leads to
the suggestion that RSC be used to
remove radium from spent ion exchange
regenerant brines. Snoeyink et al?” at-
tempted to determine the radium capac-
ity of RSC used to treat regenerant
brine, Their conclusions were that the
capacity was drastically reduced with
40,000 mg/L brine solution and that the
presence of calcium in the brine tended
to further reduce the RSC capacity for
radium. In contrast to this are the results
of Mangleson,” who successfully used a
4.1-cu ft (117.L) RSC column in an ion
exchanger brine decontamination oper-
ation in Redhill, Colo.

In the Redhill study, the RSC column
treated spent brine containing 41,000
mg TDS/L, 9,000 mg hardness/L, and
1,200 pCi radium/L. At the end of one
year, the RSC was still removing 99
percent of the influent radium and
showed no sign of exhaustion. The cal-
culated concentration of radium on the
RSC in Redhill at the end of one year was
2.7 nCi/cm? (9.1 nCi/g). This capacity,
although not an exhaustion value, is
shown in Table 6 for comparison pur-
poses. Although the RSC in Redhill
operated successfully to remove radium
from brine, insufficient data exist to
conclude that the capacity for radium is
not seriously influenced by TDS and
hardness. The calculated loading of 2.7
nCi/cm? for a 1,200 pCi/L feedwater is
far below the expected loading based on
the Panel Mine and Key Lake Mine data.
Only further brine treatment to com-
pletely exhaust the Redhill RSC will
establish its capacity. It does appear,
however, that RSC and similar BaSO,
loaded media are potentially excellent
media for brine decontamination.

Meyers et al® suggested the use of
BaSO, precipitation in spent CaCl, ion

exchanger brines, and Jongeward® mea-
sured the radium capacity of BaSO,
precipitates in brine and nonbrine solu-
tions. She found only a 50 percent reduc-
tion in radium adsorption capacity in
40,000 mg/L. brine compared with the
nonbrine solution. If batch processes
involving BaSO, precipitation in brines
are feasible, then BaSO ;loaded mediain
columns ought to improve results. This
is because the BaSO, crystals in the
columns will be in equilibrium with the
high influent radium concentration,
whereas in batch precipitations, the
crystals will be in equilibrium with the
lower effluent radium concentration.

Raden and remeval. Radon,
notably Rn-222, the immediate daughter
of Ra-226, with a half-life of 3.82 days, is
present in the radium-contaminated
groundwater. When in secular equilib-
rium (after 20 days or more), the Rn-222
and Ra-226 activities are equal. However,
because of factors governing solubility
in the subsurface, Rn-222 activity in
fresh groundwater is usually much
greater than Ra-226 activity. Therefore,
Rn-222 will both enter the RSC column
and be generated within it from the
adsorbed Ra-226. (The radon daughter of
Ra-228, Rn-220, is not important because
its half-life is only 50 s.}

Radon, an uncharged, monatomic,
nonhydrated, inert gas is not removed
by RSC. Rozelle!3 reported nearly equal
influent and effluent concentrations
(15,000-20,000 pCi/L) from an RSC
column during a full-scale test of the
complexer in Bellville, Texas. There
was no mention of the radon generated
within the complexer, probably because
the activity generated was not significant
compared with the incoming radon. In
that installation, GAC columns to re-
move the radon were added following
the RSC columns. Initial removal was 64
percent, but this decreased to 20 percent
after one month of continuous operation,
Apparently the GAC columns were
undersized, because properly sized GAC
columns continuously and effectively
remove radon from groundwater.®

The Rn-222 generated continuously
within the column from the adsorbed
Ra-226 is either washed out during con-
tinuous operation or accumulated during
no-flow periods. The Rn-222 generation
rate is directly proportional to the mass
of Ra-226 accumulated on the media. If
the RSC column flow is continuous, the
Rn-222 generation problem is not serious.
For example, the completely exhausted
RSC in Lemont with 1.1 nCi/cm? total
radium activity would add about 175 pCi
Rn-222/L to the water passing through
thecolumnatan EBCT of 2 min. (This is
a calculated value; radon was not mea-
sured in the Lemont study.) There is,
however, some concern about radon
generation in a standing RSC column.
Extremely high Rn-222 levels, approach-
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Figers 1. Iron and radium concentrations in backwash water from the deep-bed
filter (run—FB-1; filter backwash flow—5.1 gpm/sq f; Ra-226 in raw water—11.8

pCi/L; Fe in raw water—0.2 mg/L)

Radium-226—pCirL

Figure 2. Radium breakthrough curve for RSC (EBCT—0.64 min; bed volume—

1.98 L; feed Ra-226—8.7 pCi/L)

ing the adsorbed Ra-226 activity, are
possible in the first few bed volumes
following no-flow periods. Although
radon measurements were not made in
Lemont, the authors observed (using a
radiation survey meter) some washout
of radioactivity following the restarting
of a partially exhausted RSC column.
Similar observations were made upon
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restarting cation exchange columns fol-
lowing resting periods of up to 23 days.

The problem of radon washout upon
restarting radium adsorbers after long
rest periods should be quantified in
future studies. Until more data are avail-
able, however, the first few bed volumes
of effluent following long standing per-
iods should be flushed to waste.

Dispesal of spest RSC. The disposal
options for radium-contaminated studges
and solids are not well-defined at this
time. However, some regulations based
on the radium levels in the sludges do
exist. The situation in the state of llinois
regarding sludge disposal has recently
been summarized in a state report.3! This
document points out that solids with
radium contamination <50 pCi/g (on a
dry weight basis) may be disposed of at
existing [llinois EPA landfills. (This is
such a low level that it is inapplicable to
actual water treatment sludges.) Wastes
with radium levelsin therangeSOpr/g
to 10 nCi/g are currently undefined in
lllmms.’l-lowever.amwﬂmgtothemport

“...it is useful for cost analyses to
assume that waste containing 250 pCi/
gram will have to be treated as low level
radioactive wastes.” Radium-contami-
nated solids in the range 10-100 nCi/g
are congidered as low level radicactive
wastes, for which only one disposal site
existsin the United States: US Ecology’s
Richland, Wash., site. At>100nCi/g, the
waste exceeds the limits permitted for
near-surface disposal and must be suit-
ably stored until disposal options are
available.

As shown in this study, RSC is an
excellent adsorbent for radium, but the
disposal of spent media containing 3.5
nCiradium/g will be a costly proposition.
It appears that the spent media must be
stabilized, transported, and disposed of
at the Richiand site. In 1983,!3 the Dow
Chemical Company reported the com-
mercial availability of a “‘low level radio-
active waste solidification process suit-
able for encapsulating the RSC into a
stable, solid mass acceptable for disposal
at sites approved by the Nuclear Regula-
tory Commission.”"® The company has

now announced that RSC will no longer
be commerciatly available, presumably
because of low sales volume resulting
from the inability to dispose of spent
media at a reasonable cost. Whether the
RSC medium will be available through
another source is not known at this
time. It is unfortunate that an excellent
radium adsorbent should go out of pro-
duction at a time when it is most needed.

Radiom remeval by aclivated alumins.
The performance of plain alumina used
to treat filtered Lemont water was

unexpectedly good (Figure 3). Approxi-
mately 3,350 BV could be treated prior to
Ra-226 breakthrough at 3.25 pCi/L, cor-
responding to 5 pCi/L Ra-226 plus Ra.
228. At the unadjusted feedwater pH of
72, the alumina would have a slight
positive charge® because the zero point
of charge of F-1 alumina is approximately

8.2. Huang and Stumm3 found signif-

icant adsorption of alkaline earth cations

at elevated pH values (>8.0) on y-alu-
mina, but adsorption at pH 7 in dilute
solutions was barely perceptible for the
heavier alkaline earth elements stron-
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tium and barium. These researchersdid
not test radium, but an extrapolation of
their data clearly suggests that it would
be less adsorbable than barium. This
good performance of plain y-alumina for
radium adsorption in the neutral pH
range cannot be explained based on
experiments done in Lemont. The phe-
nomenon is under further study at the
University of Houston where the role of
RaSQ, ion pairs* and complexation of
radium by natural fulvic and humic
acids are being studied in relation to
radium adsorption onto y-alumina,

BaSO,loaded alumina performed
much better than plain alumina and
nearly as well as RSC (Figure 4). Approx-
imately 27,500 BV of filtered Lemont
groundwater were treated prior to Ra-
226 breakthrough at 3.24 pCi/L compared
with 3,350 BV for the plain alumina and
38,000 BV for the RSC. Improved radium
removal following periods of flow inter-
ruption (15 days and 7 days) suggests
that intermittent operation of the alu-
mina colurnn would yield higher radium
locading and lower radium concentration
in the effluent. For example, resting the
column for a day or two would result in
improved radium removal upon restart-
ing the flow. Stopping the flow to the
column allows reiaxation of the radium
concentration gradient in the solid phase,
which, upon restarting the flow, results
in a higher liquid-solid concentration
gradient and consequently a higher
radium flux into the alumina granules,
The phenomenon of improved perfor-
mance resulting from intermittent oper-
ation of alumina beds is currently under
study at the University of Houston. It
has also been observed in studies of
fluoride?! and arsenic® removal by acti-
vated alumina.

The maximum concentration of ra-
dium on the exhausted BaSO cloaded
alumina was measured by gamma spec-
troscopy. The results of analyses of
spent alumina samples from the top,
middle, and bottom sections of the bed
are presented in Table 7. Even though
the bed was run for 51,000 BV (106 days),
it was still not completely exhausted, as
evidenced by the lower loading of radium
at the bottom of the bed. The top section
of the bed, however, appeared to be ex-
hausted or nearly exhausted. This high
loading during the first experiment isan
encouraging sign that an optimum
BaSOloaded alumina will be a viable
alternative for removal of radium from
groundwater in municipal-scale, point-
of-entry (POE), and POU applications.

Barim In the offiwent. The effluent
from the RSC run shown in Figure 4 was
not analyzed for barium. To determine
barium leakage from the RSC, a separate
run was conducted (Figure 5). The aver-
age amount of soluble barium added
during passage of the water through the
RSC was 0.17 mg/L for the first 3,500

TABLE S
Conceniration of redium om exhausied RSC*
Ra-226 Ra.228 Ra Ra Ra-226 to Ra-228
Location pCi’02L pCir02L nCi/cm? nCisg Ratio
Top 30,031 + 120 17.163 + 168 1.18 39 1.75
Middle 27,782 £ 155 15.366 + 317 1.08 3.6 1.81
Bottom 24,948 = 106 13.734 £ 225 0.97 3.2 1.82
*All radium analyses were made by the gamma spectroscopy method.?* The density of the exhausted
RSC is approximately 0.3 g/cm?.
TABLE 6
Comparison of RSC loadings
mm——_
Maximum Obeerved
Rain Feed | Total Hardness|  7DS Rudium Loading
Source Water »CI/L wg as CaCOy/L wg/L uCi/com? nCi’g
Lemont 18.1 m 439 1.1 37
Panel Mine!! 181.0 1,050 2,500 9.7 323
Key Lake Minet! 1.620.0 42 580 520 173.0
Redhill brine*” 1,200.0 9.000 41,000 2.7 9.1

*The radium loading for the RSC treating spent ion exchange brine in Redhiil, Colo.. is not a maximum

[ X

. value because the RSC was still removing 99 percent of the radium from the brine.?
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Figers 3. Radium breakthrough curve for plain activated alumina (EBCT—3.0
min; bed volume—0.5 L; feed Ra-226—11.3 pCi/L)
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Figere 4. Radium breakthrough curve for BaSO,load i i
(EBCT—3.0 mis; bed volume—0.23 L. feed Ra-226-8 7 pCiot) o 2o
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TABLE 7
Radium loading on BaSQ impreguaied slumine®
Volume| Ra-226 | Ra-228 | Ra-226 to Ra-228 Loading
Location| ewe #Ci »Ci Ratio wCizoms | wCi/g
Top 80 | 33512<213] 20023218 167 0.67 017
Middle 100 | 35731 % 164 | 21,89 ¥ 383 168 059 0.68
Bottom 100 | 20658+ 197! 12,176 % 133 1.70 0.35 0.40

*Oniy the BaSO cloaded alumina at the top of the column is near exhaustion. The density of F-1 alumina
is approximately 0.87 g/cm?.

. TABLE 8
Radium loading on various exhausied media®

e — —_— . —— 3
Total Bulk Total
EBCT | Total | Run Time | Loading | Density { Loading
Medium min BV days nCi/cm* gems | nCi/g
Dow RSC (XSF 43230 0.64 90,000 40 1.18 03 39
BaSO cloaded alumina 30 51,000 106.0 0.67 0.87 0.77
Isoclear CYC 15 5.500 5.7 0.00885 0.047 0.41
C-20 cation exchange resin 30 5,000 104 0.046 055 008

*Columns were run far beyond radium breakthrough to the MCL of § pCi/L. Radium loadings were
actually measured using medium at the top(entrance) of the bed. Medium density is theapproximate dry
weight of exhausted medium/cm? of wet exhausted medium. The bulk density of Isoclear CYC is an
average; because of water swelling, the medium near the top of the columns was less dense (more
swollen) and that at the bottom more dense (Jess swolien).
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Figure S. Increased barium concentrations in the effluent of the BaSOloaded
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Figure 6. Radium breakthrough curve for CYC medium (EBCT—1.5 min; bed
volume—1.54 L; feed Ra-226—9.5 pCi/L)
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BV, This is far below the MCL of 1.0
mg/L and shoukl be of no heaith concern.
Significant barium leakage from the
RSC was not observed in previous
studies. In fact, a small amount of barium
uptake by the resin was observed during
exhaustion in one study in which the
barium concentration in the feedwater
was 0.05 mg/L.."2 Furthermore, RSC has
been approved by the USEPA for use in
the production of potable water, provid-
ing thata new bed is first rinsed to 10 BV
of water.

BaSO loaded alumina should show
similar barium leakage to RSC because
they both rely on BaSO impregnated
media for radium removal. During the
preparation of the BaSO (loaded alumina,
BaSO,must be rinsed from the alumina
following its precipitation in the medium.
The thoroughness of rinsing will deter-
mine the initial BaSO, particulate leak-
age, which can, if necessary, be controlled
by postfiltration. Measurements of sol-
uble barium in theeffluent from a freshly
prepared BaSO cloaded alumina column
in Lemont are also presented in Figure 5.
It is evident that with proper rinsing,
soluble-barium leakage from the impreg-
nated alumina is not significant: 0.06
mg/L during the first 1,500 BV.

Radiem remeval by other adeerbents.
The first run using the RadiSorb beads
was aborted because of the collapse and
breakup of the medium early in the run
under normal operating pressure—3-9
psig. This occurred even after extensive
backwashing to remove the large amount
of fines in the as-received sample. A
second sample of RadiSorb was obtained
and was operated both downflow and
upflow with the same resulting breakup
of the medium. This ‘medium was too
fragile for practical use even if it had
possessed a high radium capacity. Some
radium was removed, but the MCL was
reached after only about 10 BV.

The CYC medium performed much
better than RadiSorb with respect to
radium removal but was nearly as fragile.
During backwashing, the CYC medium
tended to agglomerate, and during ex-
haustion the beads at the top of the
column swelled while those at the bottom
appeared seriously compressed. The
swelling of the hydrated gel beads pro-
duced an overall bed expansion of 77
percent during the course of the run
shown in Figure 6. The radium break-
through at 1,800 BV was sharp and
showed this fragile, presumably nonre-
generable medium to be almost equiva-
lent in radium capacity to a standard,
regenerable SAC softening resin.

Table 8 compares the radium loadings
on the various exhausted media; these
are measured, not calculated, total ra-
dium (Ra-226 + Ra-228) loadings. They
are the result of running the columns far
beyond the MCL in an attempt to achieve
complete exhaustion. Thus the loadings
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Figwre 7. Radium and hardness in the effluent from the point-of-use system

TABLE 9

Performance of reverse 0smosis sysiem®
e e —

Type of Module
Thin-Film Low.Pressure
Polyamide Thin-Film-
Test Parameter Hollow-Fiber Spiral-Wound Composite

Designation RO-1 RO-2 RO3
Length of run—~days 5 5 5
Water recovery—percent 50 15 25
Feed pressure—psi 350 125 70
Raw water pH 7.3-75 7.3-75 7.3-75
Adjusted feed pH 5.5-6.0 5.5-6.0 5.5-6.0
Conductivity

Feed—us 750 850 £33

Product—us 65 21 158

Brine—pus 1.450 1.000 979

jects %1 97 81

Total dissalved solids

Feed—mg/L 510 681 451

Product—mg/L 9 4 598

Brine--mg/L 1,022 338 561

Rejection—percent 98 9 868
Hardness

Feed-w=mg as CaCO /L 253 249 247

Product—mg as Cal0,/L 13 5 5.1

Brine—mg as CaCOy/. 489 282 299

Rzezig:tim—mt 95 98 €N

Feed—pCi/L 116 13.9 13.0

Product—pCi/L <0.1t <0.1t 12

Brine—pCi/L 19.2 145 14,1

Rejection—percent >99 >09 90.8

*Raw water characteristics: silt density index—3.2; free chlorine—1.0-1.5 mg/L; sodium sulfite was
used for dechlorination at a ratic of 1.8 mg Na,S04/mg Cly.

1The alpha counts of these samples could not
from deionized RO product water.

distinguished from those of radium-free blanks made

are approximations of the maximum
useful capacities expected in drinking
water applications when the media are
used for direct treatment. If the respec-
tive media are used for radium removal
from spend regenerant brines, much
higher loadings are expected.

The RSC capacity for radium (1.18
nCi/cm?d) is the highest of all, whereas
the nonoptimized BaSO ;loaded alumina
is not far behind in radium capacity
based on volume. Approximate densities
of the media—grams of dry (105°C)
medium per cubic centimetre of settled
wet medium-—are listed in Table 8. These
densities were used to caiculate the
radium loadings on a weight basis—
nanocuries of radium per gram of dry
(105°C) adsorbent—for comparison with
federal (10 CRF 60) and state sludge
disposal regulations. The CYC has the
lowest dry density, indicating that, when
dried, most of its weight is lost. If drastic
volume reduction is important, however,
the possibility of combustion of the media
must be considered. In this regard, the
organic-based media—RSC, CYC, and
cation resins—will yield greatly reduced
volumes compared with activated alu-
mina, which does not burn. Volume
reduction is not always desirable because

- it can result in a radium loading >100

nCi/g, the maximum allowable for near-
surface disposal of radioactive waste.!?

RO systems. Table 9 summarizes the
performance of the three different RO
modules tested in Lemont. For the stan-
dard-pressure modules (RO-1and RO-2),
Ra-226 rejection exceeded 99 percent,
whereas for the low-pressure (70-psig)
module, it was 91 percent. In all three
cases, radium rejection slightly exceeded
hardness rejection, suggesting that hard-
ness monitoring might used as a
surrogate for radium. This same trend
of nearly equal radium and hardness
removal can be observed in data reported
by Sorg et al.!? In their study of five
hollow-fiber polyamide and three spiral-
wound cellulose-acetate module systems,
the average removal of Ra-226 and hard-
ness was 96 percent.

Membrane technology is advancing at
a rapid rate, and the newer standard SW
TFC and CA membranes require much
less feedwater pressure (125-400 psig)
than the older standard units (400 psig).
The experimental SW TFC module tested
in Lemont required only 70 psig and yet
produced 87 percent TDS rejection while
reducing hardness and radium by 90-91
percent. The single-module recovery of
the unit was 25 percent, i.e., higher than
the manufacturer’s recommendation and
yet only half that of the HF module. (One
major difference not always recognized
between HF and SW modules, regardless
of their membrane composition, is that
HF modules typically recover 50 percent
of the feedwater whereas SW modules
recover only 12-18 percent. The signif-
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icance of this difference should not be
overemphasized because it is a design
probiem readily solved by product staging
of the SW modules for higher recovery.)
At the usual RO system design value of
75 percent recovery, the brine will be
concentrated by a factor of four, and
brine disposal might be a problem in
some states.

Although RO desalting remains an
expensive technology for the removal of
a singie contaminant, the continuing
advances in membrane technology are
bringing it into a more competitive posi-
tion. At a 70-psig operating pressure,
household POE softening systems that
would also remove radium are nearer to
realization. A little recognized advantage
of low recovery RO systems is that the
brine concentration factor (CF)is low.In
the case of singie SW modules, as used in
POE and POU systems, recovery is
typically 15 percent and the brine CF is
only 1.18, Of course, the disadvantage of
such a low recovery system is that 85
percent of the feedwater is wasted unless
a separate piping system is installed to
store and reuse the reject water for toilet
flushing, lawn watering, and the like. In
POE systems, product water storage is
also a2 major consideration because of the
low production rates of RO systems
compared with alternatives like softeners
that operate on demand.

POU systems. The radium removal
performance of the POU RO system
with both the CA and TFC moduies was
similar to that of the full-scale modules
tested in that the TFC module performed
slightly better than the CA module for
the rejection of radium, hardness, and
TDS. (The CA module has an operational
advantage, however, in that it is not
attacked by the chlorine levels in drink-
ing water; feed toa TFC module must be
dechlorinated whereas CA feed need not
be.) The average performance of both
modules is summarized in Table 10, and
the week-by-week effluent radium and
hardness levels are presented in Figure
7. These POU resuits demonstrate that
the use of either TDS or hardness rejec-
tion would be adequate as a surrogate
for estimating radium removal.

In an independent test of Ra-226
removal conducted at the University of
Houston with a POU RO system from
another manufacturer, essentially the
same rejections of Ra-226, hardness, and
TDS were observed for a different CA

membrane. Thus, it can be concluded
that a properly designed and manufac-
tured POU RO system containing either
module would be adequate for radium
removal from drinking water.

Conciusions
The Lemont groundwater contains a
mixture of Ra-226 (11 pCi/L}, Ra-228 (6

pCisL), and Ra-224 (6 pCi/L). The pres-
ence of the Ra-224 interfered with the
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TABLE 10
Performance of point-of-use system*
B — ——— — —  —
Parameter TFC Membrane CA Membrane
Influent hardness—wmg as CaCo /L 255 255
Effluent hardnesy—myg a5 CaCOy/L 86 131
Hardress rejection—pervent 96.6 94.8
Influent Ra-226~pCi/L 118 11.8
Effluent Ra-226—pCi/L 0.6 1.0
Radium rejection—percent 949 91.5
Conductivity rejection—percen: 90 91
*The values are averages of 10 weekly grab samples taken from the product water storage tank during
normal operation.

interpretation of the gross radium alpha
test (USEPA method 900.1). However,
allowing the raw sample or the precipi-
tated BaRaSO, to age for 20 or moredays
eliminated the interference and made
the test specific for Ra-226. Before imple-
mentationt of the 20-day wait time, the

- gross radium alpha and gross alpha test

results were highly variable and impos-
sible to interpret.

The Ra-226 to Ra-228 ratio in the raw
water was about 1.8, This ratioremained
essentially unchanged for all aqueous
and adsorbent samples analyzed and
supported the assumption that the iso-
topes behaved in a physicochemically
equivalent manner in spite of the pres-
ence and rapid decay of Ra-224. Thus,
monitoring Ra-226 alone is sufficient to
determine compliance with the MCL.

Filtration of the chlorinated Lemont
groundwater resulted in 30-50 percent
radium removal. The mechanism of re-
moval is uncertain but likely involved
adsorption onto Fe(OH),or MnO, solids.

The radium-selective complexer was
the best adsorbent tested for radium
removal on the basis of BV to the MCL
(38,000) or maximum capacity (1.18
nCi/cm3). The RSC is a standard strong
acid cation resin in the sodium form
with BaSO, precipitated within the bead
and is considered, although not proven,
to be nonregenerable.

A nonoptimized sample of an experi-
mental adsorbent, BaSO loaded acti-
vated alumina, performed nearly as well
as the RSC by attaining 27,500 BV to the
radium MCL and a2 maximum loading of
0.67 nCi/cm?. This adsorbent could prove
to be a good substitute for RSC.

The radium capacity of RSC, and
presumably of BaSO cloaded alumina, is
highly dependent on the radium concen-
tration in the feedwater and does not
seriously deteriorate in the presence of
brineor high levels of calcium as present
in spent regenerant solutions.

Barium leakage from the RSC and
BaSO,loaded alumina was measurable
(0.05-0.2 mg/L) but not significant with
respect to the 1.0-mg/L barium MCL.3%

The disposal of spent radium-contam-
inated adsorbent media at a reasonable
cost is an unsolved problem. It appears
that spent media like RSC and BaSO,

loaded alumina are now considered low-
level radioactive wastes and may be
disposed of only at one US jocation in the
state of Washington.

Reverse osmosis hyperfiltration re-
moves radium to a somewhat greater
extent than it does hardness. For the
standard-pressure (125-400-psig) mod-
ules, radium removal exceeded 99 per-
cent. An experimental low-pressure TFC
membrane moduie operated at 70 psig
and removed 90 percent of the hardness
and 91 percent of the radium.

Point-of-use treatment systems pro-
ducing 8 gpd (30 L/d) of product water
and utilizing TFC or CA SW membranes
were very effective for radium removal.
Approximately 30 percent of the radium
was removed during the cartridge prefil-
tration step, whereas the overall re-
movals were 95 percent and 92 percent,
respectively, for the systems with TFC
and CA membranes.

Recommendations

The federal government and individ-
ual states with radium problems must
devise regulations and identify sites for
the disposal of spent adsorbent media
containing up to 10 nCi radium/g, i.e..
the lower limit for low ievel radioactive
wastes. If possible, these media should
not be classified as low level radioactive
wastes. Unless new regulations are
promulgated- and local disposal sites
identified, there is no future for radium-
selective adsorbents, either for the direct
treatment of well water or for the decon-
tamination of ion exchanger brines. Re-
moving selective adsorption from the
list of processes available to extract
radium from drinking water will force
communities that must treat to use
processes like ion exchange softening
that produce lower level radioactive
wastes in much greater volumes. This
will not diminish the amount of radium
discharged to the environment but will,
in fact, only distribute it more widely in
the rivers and lakes into which the
waste brines are eventually discharged
by way of sewage plant effluents.

Laboratory and field studies should be
carried out to determine the feasibility of
using RSC and BaSO loaded alumina to
decontaminate spent ion exchanger brine
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prior toits reuse in processes that wouid
selectively remove radium without soft-
ening. In such processes, sodium would
be the initial exchangeable ion on the
resin. After each regeneration, the brine
would be decontaminated using a ra-
dium-seiective adsorbent, and the brine
woulid be reused. Eventually, the spent
brine would primarily contain those ions
in the feedwater, except for radium. A
small amount of NaCl would have to be
added as makeup during each cycle to
replace brine lost during rinsing. Such
processes would (1) introduce little
sodium into the product water, (2) use
only a small amount of salt for regenera-
tion, and (3) produce a minimum amount
of brine to be disposed of in the sanitary
sewer. But the processes would produce
a spent adsorbent medium for ultimate
disposal. These experiments should be
given the highest priority.

Activated alumina and BaSO ;loaded
alumina should be studied in bench-
scale experiments to establish the opti-
mum conditions for adsorbing radium
virom waters of varying pH and back-
ground ionic composition. Experiments
should bedesigned and executed to eluci-
date the mechanisms of radium adsorp-
tion, which may involve RaSO, ion
pairing or complexation with naturai
organic matter.

The regeneration of spent RSC and
BaSO loaded alumina should be studied
using the usual acid and base regener-
ants. The primary objectives should be
to determine (1) the usefulness of the
regenerated media, (2) the maximum
possible concentrations of radium in
spent regenerants, and (3) the possible
means of final disposal of the radium-
contaminated wastewaters,
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Commissioning the filter. Several steps
are taken when a new filter unit is
commissioned. With all outlet vaives
closed, clean (preferably) water is ad-
mitted from the bottom to flow upward
through the drainage system, the gravel,
and the sand bed until it reaches 10-15
cm above the sand bed. This method of
charging ensures that air accumulated
in the system, especially in the pores of
the sand bed, is driven out. When no
clean water is available for backfilling,
raw water can be used.

Next, the inlet valve is gradually
opened and water is allowed to flow into
the shallow water layer on top of the bed,
The rate of filling is iritially low to
prevent scouring of the sand around the
inlet. With the increasing depth of the
supernatant water, the rate of filling can
be increased. When the normal working
depth of the supernatant is reached, the
outlet vaive is opened and the effluent is
run to waste at the design rate of the
filter. The filter must now be run
continuously for a few weeks toallow for
ripening. The ripening period ends when
bacteriological analysis indicates that
the effluent quality has reached local
water quality standards. Water can then
be passed into supply. When adequate
chlorination of the effluent can be
guaranteed, the water can often be put
into supply more quickly, provided that
the turbidity of the effluent has become
sufficiently low. _

Daily operation. Daily operation is
limited to checking and possibly adjust-
ing the rate of filtration and to monitor-
ing piant performance and effluent
quality. More time is occasionally re-
quired for cleaning the filters.

Cleaning. Toclean thefilter it is neces-
sary tofirst remove floating matter such
as leaves or algae by raising the level of
water in the unit to carry the floating
matter over the weir. If this floating
matter is not removed, it becomes a
nuisance during cleaning. Subsequently,
the water level in the bed is lowered to
about 0.1-0.2 m below the top of the
sand. This can be done by closing the
inlet valve and opening both the super-
natant water drain valve and the vaive
on the underdrains to quickly drain the
filter to the required level.

Thefilter bed is then cleaned by scrap-
ing off the top 1-2 cm of the bed. The
cleaning operation must becompleted as
quickly as possible in order to minimize
interference with the life of microor-
ganisms in the filter bed. When one unit
is shut down, the others are run at a
slightly higher rate to maintain the
output of the plant.

After cleaning, the unit is refilled with
water through the underdrains. In the
absence of an overhead storage tank,
this backfilling can be effected by using
filtered water from an adjacent filter.
This method may lead, however, to
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temporarily reduced plant output, which
must be taken into account when the
clear-water storage tank is designed
because it must be assured that sufficient
water is available for the users. An
alternative method is to advise users to
reduce water consumption for a short
period of time.

When the filter is put back intoservice,
a period of at least 24 hours is required to
allow for reripening of the bed. After
that period, the bacteriological flora has
usually been sufficiently reestablished
to be able to produce a safe effluent. In
cooler areas this ripening period may
have to be extended to a few days. With
adequatechlorination, however, a period
of one day will also be sufficient in these
areas, provided the turbidity of the ef-
fluent is sufficiently low.

Resanding. Resanding becomes neces-
sary when successive scrapings have
reduced the thickness of the sand bed to
0.5-0.6 m. Fortunately, this rather
lengthy operation has to be done only at
two- or three-year intervals. Assuming,
for example, an initial thickness of the
filter medium of 80cm and an average of
six scrapings a year (or 6 X 2 = 12 cm
total scraping a year), then resanding
would be necessary only after two and a
half years of operation. Before resanding,
the filter bed must be cleaned and the
water level in the sand must be lowered
to the gravel layer. Then a layer of
“new’” sand (accumulated from earlier
scrapings)is placed underneath the sand
layer in the bed,

The method of handling the sand is as
follows: The old sand that has to be
replaced is moved to one side, the new
sand is placed, and the old sand replaced
on the top of the new. This “throwing
over” process is carried out in strips
(Figure 4). The removed material from
the first strip is stacked to one side in a
ong ridge, the excavated trench is filled
with washed or new sand, and the
adjacent strip is excavated, throwing
over the removed material from the
second trench to cover the new sand in
the first. When the whole of the bed has
been resanded, then the material from
the first trench is used to cover the new
sand in the last strip. By doing so, the
layer of old sand (which is rich in micro-
biological life) is replaced at the top of
the filter bed, which will enable the
resanded filter to become operational
within a minimum reripening period.

Summary

Slow sand filters are used for water
treatment in many parts of the world.
This biological water treatment method
is rapidly gaining importance for appli-
cation by communities in developing
countries as well as by utilities—par-
ticularly small systems—in other coun-
tries. When raw-water quality is high, a
conservative design approach is used,

and the plant is operated and maintained
with care, slow sand filtration can
produce water of good quality.
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ERRTE

Regeneration water from the ion exchange process passes through the complexer tank
before final disposal.

® The final disposal of smaller
amounts of the radium-enriched RSC
resin is simpler and less costly.

Plant processes

Raw water from two deep wells is
pumped through a countercurrent-flow
aeration tower located at the booster
pump house (Figure 1). The purpose of
the aeration process is to remove dis-
solved gases, specifically radon and
carbon dioxide, from the raw water, The
water is pumped to the treatment plant
at a rate of about 90-100 gpm for further
treatment to remove iron, radium, and
hardness prior to chlorination and dis-
charge to the water distribution system.

As theraw water enters the treatment
plant, alum, potassium permanganate,
and a polyelectrolyte are added toremove
iron by chemical precipitation. The
treatment unit is a prefabricated, self-
contained unit that includes a mixing
and flocculation chamber, tube settlers,
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and multimedia filtration. The effluent
from the iron removal process is further
treated to remove radium and hardness
inanion exchange system that utilizes a
standard water-softening cation resin in
the sodium form. The effluent from the
ion exchange system is treated with
chlorine and zinc hexametaphosphate to
control corrosion and sequester any
residual iron before being discharged to
the treated-water storage tank. The
radium removed in the ion exchange
process is further removed from the

regeneration brine by passing the brine
through a separate treatment process in
which the radium is permanently com-
plexed on the RSC material. The waste-
water from this process, along with the
backwash wastewater from the iron
removal process, is then pumped to the
I-E pond for final disposal.

Disposal of wastewater
and resin wastes

The original concept and design for
the ultimate disposal of resin wastes and
wastewater generated at the treatment
plant was approved by the Colorado
State Health Department.

Wastewater. All wastewater from the
plant operation is discharged into the
I-E pond to allow for rapid infiltration of
plant wastewater into the Morrison geo-
logic formation that dips steeply to the
east from the pond. The Morrison for-
mation is physically located beneath the
Dakota geologic formation at the location
of the raw-water supply wells. Raw
water is pumped from the Dakota for-
mation through deep wells toprovide the
raw-water supply for the Redhill Forest
development.

Radium waste. Most of the radium
removed from the raw water entering
the treatment plant is eventually ad-
sorbed and complexed on the RSC resin.
As needed, the RSC resin is replaced,
and the waste resin is transported to an
approved hazardous-radiclogical waste
disposal facility for final disposal.

Sampling and analyses

The project consisted of in-depth
monitoring of the operation of the full-
scale Redhill Forest water treatment
plant over a 21-month period from
October 1985 through June 1987. Con-
centrations of all water quality param-
eters were determined according to
Standard Methods.®

Most of the water quality analyses
were performed by a commercial lab* in
Golden, Colo. Some work was performed
by the USEPA laboratory in Cincinnati,
Ohio, and some radon gas analyses were
performed by a private firm.t

In-depth monitoring, including water
quality sample collection and laboratory
analyses, field measurements, and flow
measurement, was performed toevaluate

*Hazen Research Lab, Golden, Colo.
tLowry Engineering. Unity, Maine

TABLE 1
Quality of influent and effluent of ion exchange process

Parameter Influent Effluent
Flow rate—gpm 90-100 80-100
Iron—mg/L 0.15-2.7 0.03-0.5
Manganese—mg/L 0.4-1.3 0.01-0.15
Sodium—mg/L 7.4-12.5 40-150
Hardness—mg/L 212-350 5-70
Radium-226—pCi/L 22-35 0-4
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Figure 1. Flow diagram of treatment plant proéass (flows shown are averages for every 10,000 gal of raw water processed: ion
exchange tanks are assumed to be backwashed after 40,000 gal of water have been treated)

TABLE 2
Water qualily data for inflow and outflow of RSC resin*
Accumulated Parameter
Treated ) Total Total Radium
Volume Bedt Iron Manganese | Sodium | Hardness | Selids Radium Removal
Date gal Volumes Sample mg/L mg/L mg/L mg/L mgsL pCisL percent

7/10/86 0 0 Inflow 248 238 11,600 476 34,900 860 + 30

Outflow 0.98 16.7 13,300 245 34,600 16+ 11 93.1
7/30/86 2,400 77 Inflow 2.03 318 11,000 9,850 41,700 1280 + 40

Outflow 1.56 322 11,000 10,200 41,800 1.6+ 32 99.9
8/31/86 9,460 305 Inflow 9.0 33.1 12,600 11,500 54,200 1,400 + 40

Outflow 8.5 331 12,700 11,600 55,200 94+35 9.3
9/29/86 14,600 471 Inflow 721 30.5 11.400 8.350 37.600 920+ 30

Qutflow 7.15 31s 11,500 8,420 37,600 41%24 99.6
10/30/86 22,600 729 Inflow 279 3.1 8,170 9,380 35,000 860 £ 50

Qutflow 2.07 335 8,640 10,100 35,300 53£28 99.4
11/26/86 27,700 894 Inflow 7.17 282 13.400 9,620 45,400 1,040 + 30-

Qutflow 6.30 269 13,300 9,520 45,500 81+£33 99.1
1/14/87 39,550 1,276 Inflow 314 19.2 9.350 7.260 31,300 1,070 + 60

Quiflow 27.8 18.1 9,000 7.740 30.400 8423 99.2
2/21/87 49,700 1,603 Inflow 61.3 30.5 12.300 10,900 49,800 1,780 + 80

Qutflow 62.2 324 12,100 11,400 50,400 727 996
3/18/87 57,700 1,861 Inflow 93.4 312 13,500 11,600 53,200 2,000 + 80

Qutflow 92.0 319 12.400 12,600 53.300 18+9 99.1
6/10/87 71,700 2,313 Inflow 8.08 17.4 8.070 5,580 28,100 650 + 20

Qutflow 3.76 15.8 8.460 4,940 28,300 92+24 98.6
Average Inflow 198 299 10.850 8,890 40,590 1.181

Outflow 185 27.7 10,760 9,030 40,550 9.0 99.2

*From 7/10/86 to 6/10/87. i.e., 335 days, 71,700 gal of plant wastewater was treated in RSC tank. The following is the estimated amount of radium removed
and deposited on the resin: radium removed = 71,700 (3.785) (1.181-9.0) = 318.1 X 108 pCi = 318.1 uCi or about 0.949 .Ci/day; estimate for year = 347 xCi
tResin bed volume—4.15 cu ft (31.0 gal}
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" the various components of the treatment
plant operation.

Aeration system. Water samples were
collected and analyzed for radon before
and after aeration.

Treatment system. Samples were col-
iected before and after the iron removal
system and were analyzed for iron, man-
ganese, gross alpha and gross beta
radioactivities, and radium-226. The
process wastewater from backwash
operations was also analyzed on several
occasions to determine the composition
of the wastewater discharged tothe [-E
pond. Parameters of primary interest in
the wastewater were total iron, man-
ganese, total solids, and radium-226.

lon exchange process. Water samples,
collected before and after this unit
process, were analyzed for iron, man-
ganese, sodium, hardness, gross alpha
radioactivity, gross beta radioactivity,
and radium-226. Samples were collected
on several occasions from the backwash,
regeneration, and quick rinse water.

RSC process. This process was moni-
tored frequently to determine the effi-
ciency of radium remgval from the ion
exchange process wastewater and the
buildup of radium in the complexer resin.
Environmental radiation monitoring of
the area outside the RSC tank surface
was performed to determine potential
exposure and to relate the exposure to
radium buildup on the complexer resin.

I-E pond. Monitoring of radium present
in the sand and soiis at the bottom of the
I-E pond was performed in order to
determine the extent of radium buildup
resulting from the disposal of plant
wastewater that contained small
amounts of radium.

General monitoringof plant flow rates,
volumes of water processed, and waste-
water volumes was performed for use
along with water quality data in deter-
mining plant process efficiencies and
plant operation and maintenance costs.

Limited measurements of radon gas

were conducted on site using a radon-
radon daughter detector unit.* Also,
some samples were sent to a private
firmt for additional radon gas analysis.

Results

Figure 1 shows the flow volume for
each part of the total system operation
for an assumed flow volume of 10,000 gal
of raw water into the plant. The average
water quality data for each process that
makes up the treatment plant are also
presented.

Aeration. The aeration system effec-
tively removed radon and carbon dioxide
from the raw water. Carbon dioxide is
typically reduced from about 125 to 25
mg/Lin the aeration system. The reduc-
tion of radon is about 85 percent, from
about 23,000 pCi/L in the raw water to
about 3,400 pCi/L. Additional measure-
ments indicate that the radon gas con-
centration in the treated water from the
main treatment plant is about 600 pCi/L.
The iron removal process removed about
13 percent of the radium from the inflow
to this process. This agrees with the
results of Valentine,® who reported that
<20 percent radium is removed with iron
removal. When the iron removal system
was backwashed, the radium removed
was wasted in the I-E final disposal
pond. Based on the results of the moni-
toring of the backwash water, the aver-
age concentration of radium in the
wastewater was about 60 pCi/L.

lon exchange. Theion exchange process
is very effective in removing radium,
hardness, and residual iron, and in
polishing the effluent from the iron re-
moval process, as long as the ion ex-
change capacity is not exceeded. The
monitoring results generally indicate
radium-226 levels of <3 pCi/L and iron
levels of less than the recommended
maximum level of 0.3 mg/L. Frequent
monitoring of the system operation indi-
cates that radium breakthrough occurs
between 40,000 and 45,000 gal, i.e., 178

to 200 resin bed volumes. The quality of
the influent and effluent of the ion
exchange process was generally as given
in Table 1.

RSC system. On July 10, 1986, new RSC
resin was placed in the complexer tank
and monitoring of the flow rate and the
water quality of the inflow and outflow
was initiated. Table 2 presents a sum-
mary of some of the results of the moni-
toring from July 10, 1986, through June
1987. The flow rate through the column
is about 22 gpm, which is equivalent toa
surface loading rate of about 10 gpm/sq
ft. The RSC resin bed depth is 2 ft.

It can be seen in Table 2 that the RSC
resin is highly radium-selective, with
generally >99 percent removal of radium
from the influent wastewater. The
average inflow and outflow water quality
datain Table 2 indicate that iron, sodium,
hardness, and total solids were virtually
unchanged in passing through the resin
bed, whereas >99 percent of the radium
in the influent was removed and concen-
trated on the RSC resin. The total quan-
tity of radium removed and concentrated
on the resin from July 10, 1986, to June
10, 1987, is also shown in Table 2. Based
on the operation of the plant during this
time, the rate of radium buildup on the
RSC resin was about 347 uCi/year (347
X 105 pCi/vear).

Further, it has been determined that
therate of radium removed from the raw
water and permanently complexed on
the RSC resin was about 9.6 xCi (5.6 X
108 pCi) per 100,000 gal of water treated
at theplant. After a certain time of opera-
tion, the RSC resin containing the ra-
dium will be removed from the RSC tank
and replaced with new resin, and the old
resin will be disposed of at an acceptable
low-level radioactive waste disposal site.
It is anticipated that the RSC resin will
be replaced when the radium on the

*RDA-200, EDA Instruments Inc., Toronto, Canada
tLowry Engineering, Unity. Maine

TABLE 3
Results of environmental radiation monitoring of area around RSC tank*
. eogr Radi in RSC
Average Environmental Radiation Resin :tln;ﬂil;-Mon th TABLE 4 .

Month mrem/week mrem/h pei Treatment plant operating costs
November 1986 386 0.230 106.5 X 105 Cost of Water
December 1986 13.0 0.077 132.1x 108 Treated—
January 1987 33.6 0.200 155.1 x 10¢ It /1,000 gal
February 1987 40.4 0.240 185.1 x 10¢ el $71,000¢a
March 1987 48.2 0.287 239.0 x 108 Plant chemicals, e.g., a!um_

April 1987 67.9 0.404 300.5 x 106 permanganate, chlerine 0.137
May 1987 89.8 0.535 307.8 x 108 Salt 0.475
June 1987 62.0 0.369 315.1 x 1(¢ Energy costs 0.206
July 1987 36.5 0217 NDt RSC resin disposal

August 1987 46.3 0.276 ND {(includes new resin) 0.088
October 1987 41.3 0.245 ND Total 0.906*
Nov.-Dec. 1987 95.2 0.567 ND . -

Jan,-Mar. 1988 833 0.496 ND Operator cost not included

Apr.-jun. 1988 89.0 0.530 ND

July-Sept. 1988 1365 0.813 ND

*Location of radiation monitor is 3 in. from tank surface at mid-depth of RSC resin in tank.

tND—not determined
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complexer reaches about 3.080 uCi (3,080
% 109 pCi). The 4 cu ft of RSC resin will
be placed in a 55-gal drum, 3.35 cu ft of
concrete will be added, and the entire
drum will be transported to the disposal
site for final and permanent disposal.
This method of handling the radium
waste ensures that the total radium
content of the container to be buried will
not exceed 10 nCi/g (10,000 pCi/g).

Environmental radiation. Beginning in
November 1986, environmental radiation
monitoring near the RSC tank was con-
ducted to determine potential exposure
levels. Table 3 presents the resuits of the
monitoring from November 1986 through
September 1988. The estimated radium
concentrations in the RSC resin during
each month are also presented in Table
3. The data in Table 3 are conservative
in relation to the potential exposure to
plant workers because the radiation
monitor was located within 3 in. of the
tank surface; it is expected, therefore,
that the potential exposure to a plant
worker would be less than is indicated in
Table 3.

If it is assumed that a plant worker
spends 3.5 hours per week for an entire
vear near the RSC tank (i.e., within 3in.
of the tank) when the average radiation
is 0.813 mrem/h (i.e., average radiation
for July-September 1988 from Table 3),
then the total radiation received would
approximate the average background
radiation level of 150 mrem/year that
the average person living in Colorado
receives In one year.

Operating costs. Plant operating costs
have been estimated (Table 4). These
costs are for an annual production of
5.475 mil gal of potable water at the
Redhill Forest treatment piant. Thecosts
do not include the energy costs for
transporting water from the deep wells
to the treatment plant nor do they include
operator costs. A more detailed descrip-
tion of costs is given by Mangelsonetal.!
The costs for a system that eliminates
the ion exchange process completely and
in which the radium is removed by
directly passing the raw water through
the RSC resin bed have not been esti-
mated. This type of system would not
have worked in treating the raw water
available in this study because of the
high concentrations of iron in the well
water. For some well waters, this one-
process approach might be feasible and
economical.

Conclusions

Studies have shown that conventional
cation exchange resins in the sodium
form are effective in removing radium
from drinking water supplies. Other
recent studies have shown that RSC
resinis very effective in removing radium
from drinking water supplies and has a
high .adsorption capacity for radium.
Based on the 21-month study of the
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operation of a full-scale radium removal
system that uses both cation resins and
the RSC resin, the following conciusions
were made:

e Consistent removal of radium in
well water can be accomplished at a
reasonable cost by small systems by
means of the ion exchange process using
standard cation resins. '

e The RSC resin is very efficient for
removing radium from the regenerate
brine from the conventional cation ex-
change process. Radium removal exceeds
99 percent for radium concentrations as
high as 2,000 pCi/L in the brine waste-
water. The average rate for radium
removal exceeded 99 percent for the
entire study period.

o The use of the RSC resin for ulti-
mate radium adsorption provides a
workable and reasonable-cost solution
to the waste disposal probiem.

¢ Gamma radiation buildup in the
RSC does not appear to be a health
concern.
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Radium removal using preformed
hydrous manganese oxides

This article summarizes the results of a recent project
conducted by Richard L. Valentine, associate profas-
sor of civil and environmental engineering at the
University of lowa. The project was supported by the
lowa State Water Resources Research Institute and
the AWWA Research Foundation. Copies of the
compiste final report will be available in early 1951
from the AWWA Research Foundation, 6666 W.
Quincy Ave., Denver, CO 80235; (303) 794-7711.

Radiym in drinking water is of concern because
it is a suspected carcinogen. Radium typically is
found in groundwater in two isotopes—Ra 226 and
Ra228. The current federal regulatory stangard limits
total radium (Ra 226 and Ra 228) 10 5 pCivLin drinking
water. The US Environmental Prctection Agency
{USEPA) is expected 10 proposa new drinking water
standards for radionuclides in January 1991; separate
standards for Ra 226 and Ra 228 will be proposed
along with standards for natural uranium, radon,
gross alpha, and gross beta and photon emitters.

Mast notable occurrences of radium in drinking
water have been in midwestern states and in the
Appalachian region. Systems with radium contami-
nation have been faced with the need for either
acquisition of alternative supplies or impiermentation
of treatment systems 1o remove radium in order to
comply with the standard. in most cases, removal
efticiencies ranging fram 50 to 75 percent are ade-
quate to bring systems into compliance.’

Conventional technologies costly

Conventipnatradium-removal technologies inciude lime-
soda softening, ionexchange, andreverse osmosis. How-
ever, suchtechnologies can be unatiordablefor many
smallercommurities, particularly with respectto initial
capitat outlays. Small water systems need a simpie,
inexpensive, and raliable methad for radium remeval.

Recentbatch and pilot-scaie studies have shown
that addition of preformed hydrous manganese oxides
(HMOs) at a dosage of 1.0 mg/L as Mn prior to sand
filtration can significantly lower radium levels.2* Atthis
dosage, the cost of treatment has been estimatad at
$0.05/1.000 gal with little investment in equipment or
plant modifications. All that is required is a conven-
tional metering pump and a mixing tank,

Full-scale testing at two srnall water systems in
lowa showed that HMO addition achieved significant
radium removals at costs estimated tobe in the range
of $0.01-0.05/1,000 gal. Because of the low cost and
ease of implementing such a treatment process, its
use should be evaluated whenever possible before
maore costly options are scught.

Study sites and methods

The two full-scale studies of HMO addition were con-
ducted at the lowa communities of West Liberty and
Forest City, both of which rely on groundwater sup-
plies. The West Liberty water system treats 0.3 mad on
average over a 12-hr period. Forest City’s plant pro-
duces 0.5 mgd on average with a maximum observed
flow af 1.0 mgd. Radium levels at Wast Liberty average
about 3.0 pCi/l. of Ra 226 and about 1.0 pCi/t. of Ra
228. Radium levels at Forest City average 6 pCi/L of
Ra 226 and less than 1.0 pCilL of Ra 228.

Total hardness of West Liberty water was ap-
proximately 325mg/t as calcium carbonate, and iron
content was 0.5-1.0 mg/L. The temperature ang pH
of plant effluant averaged 19°C and 7.6, respectively.

West Liberty pumps raw water to a forced-draft
aerator iocated on top of a large datention tank. Pres-

Small water systems need a
simple, inexpensive, and
reliable method for radium
removal.

sure filters comprise about 2 ft of sand. The plantwas
modified to allow dosing of HMOs either to the raw
water priorto aeration or to the contents of the aerated
detention tank immediately prior to filtration.

The Forest City treatment plant uses a treatment
train comprising pressure aeration of raw water fol-
lowedimmediately by sand filtration, For this Study an
8-ft-diamester pressure filter was isclated and modi-
fied to allow HMO dosing; HMOs were pumped into
the pressure-aerated waterimmediately ahead of the
filter.

Total hardness of Forest City water was approxi-
mately 400 mg/L as calcium carbonate, and won
content was 0.5-1.0 mg/L. Water temperature and
pH were 10°C and 7.2, respactively.

Influent and effluent sampies were taken for
radium, iron, and manganese analysis. Backwash
samples were taken so that radium mass balances
could be performed. Filter madium was analyzed for
radium, iron, and manganese content. Only Ra 226
removal was studied because it behaves chemically
in an identical manner as Ra 228,

Studies at Wast Liberty utilized HMO dosages of
0.2-1.0 mg/L as Mn whereas an HMO dosage of 1.0
mg/L was utilized at Forest City.

Effect of filter conditions

In the course of the study it becarme clear that the filter
medium at Forest City was very old with a large
amount of deposits. Although the ptant was perform-
ing acceptably with respect to iron remaval, approxi-
mately half the medium was much larger than original
specificatiocns and medium depth was about double
what specifications called for. Chemicai analysis
showed that about half the medium waight was acid
dissolvable and therafore not filter sand. fron and
manganese concentrations were found to be high,
and it appeared that deposits also consisted of other
materials such as calcium carbonate. The filter me-
dium at West Liberty was normal, with only 1-2
percent being acid dissolvable.

Radiumcontentin Forest City's fitter medium was
astimated 1o be about 50-150 pCi/g, which was very
high compared with West Liberty’s reading of ap-
proximately & pCi/g. Forest City’s high radium content
in its fiter medium is likely anributabie to the poor
condition of the medium. in contrast, HMO dosing at
West Liberty reduced filter medium radium content to
about 5 pCifg.

Radium removal

At West Liberty, HMO doses of 0.2, 0.5, and 1.0
mg/L as Mnresulted in radium rermovals of 75, 80, and
85 parcent, respectively. However, steady-state ra-
dium removals did not occur immadiately following
HMO dosing but continued to increase for four weeks
as shown in Figure 1. Additionally, significant ragium
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removals cantinued for lour weeks atter HMO dosing
was stopped.

At Forest City, radium removal averaged 50
percent based on an HMO dosage of 1.0 mg/L as Mn
as shown in Figure 2; this vaiue is both less than the
expected value of about 75 percent and lower than
the radium removal at West Liberty. As at West
Liberty, radium removal al Forest City continued iong
after HMO dosing ceased.

Evaluation of effluent manganese concentrations
showed no significant increase at West Liberty, indi-
cating that all added HMOs were being removed.
However, effluentmanganese was elevated at Forest
City to approximately 0.25 mg/L as Mn when HMO
dosing at 1.0 mg/L was practiced, a resultthat is likely
attnbutable to the poor filter condition.

As expected, radium ievels in backwash waters
~ere elavated when influent water was dosed with
HMOs; levels at both iocations ranged betwean 150
and 200 pCi/L when HMO dosing was practiced.

At West Liberty, ail removed radium appeared to
be recovered in backwash water once steady-state
removals were observed. On termination of HMO
dosing, radium recoveries in backwash feli far below

emaovals until the filter mediom established equilib-
wumwith the raw water, as indicated by lack of radium
emoval across the filter.

Radium recovered n Forest City backwash greatly
exceaded the amount removed frem the influent
when HMO dosing was practiced. Excessive recover-
1es were also observed at West Liberty prior to
achieving steady-state conditions

Conclusions

Addition of HMOs to radium-contaminated water prior
to sand fiitration can achieve signiticant removals at
a cost of between one and five cents per thousand
gallons. Full-scate tests indicate that theoretical re-
movals should be obtainable under optimum condi-
tions. Because of the low costs and ease of imple-
mentation of the technoiogy. it should be evaluated
betore more costly and complex treatment options.
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Low-cost technology initiative o
re:
ises help for small wat
promises help for s water systems %
De
By David Schnare. National Low-Cost Small Systems Technology Initiative coordinator, Office of Drinking Water, US Environmental T
Protection Agency (USEPA), Washington, D.C. OSI
i
gro
in 1988 agroup of opinion teaders representing public r ::l
and private sectors of the US drinking water industry Table 1. List of initial small systems demonstration sites selected o participate sta
met to disguss industry issues of the 1990s. These in the Low-Cost Small Systems Technology Initiative
leaders believed there would be no meaningful imple- t
mentation of the Safe Drinking Water Act amend- Filtration gg
ments of 1986 without significantly increased state
budgets for drinking water programs and the approval . ;l:r:?:r:mr::r:_mls system uses a surface water supply and experiences recurring baaena and protozoa gjl’
and use of low-cost water treatment technologies for
small water systems. e Amsbury, Pa~—This system serves 25 residences; average flowis 6,000 gpd. Its sourca is an uncoverad concrete ecc
A second group of industry and government ;;?:&nﬂl;c: I;{;arg:umamatreamfadby!hrae springs. Tha only treatment is with hypochlorits and there is no and
leaders met in December 1988 10 explore further the
issue of low-cost technology; it was at this meeting * SarntaRosa, Calil. (F'BBSWHBWHWSYS'B"!"HTWS is @ very smali system that "BQU"BSUS@'J’WHSMGDG water ate
that the National Low-Cost Small Systems Technal- and groundwater sources. Two separats distiibution systerns serve 16 and 30 connections, respectively. fror
ogy Initiative was born. Radionuclides ;:’:
. + Livonia, Ga. (Brittany Harbar Subdivleon)—Thls system cumrently serves about 100 homes with water from nine
Committees established waells, one of which has radium leveis rannmg from 30 t0 40 pCiL. me
By the end of January 1989 an overall steering :

: " © s Laslie, Ark.—Serving 265 nonlnduutrial connections, this system has two well sources, each averagmg wel
f;éﬂg::g?mai:s o’:’;;::g;g ::é‘l’:]’:i‘eisr S‘g’ﬁ;eng 20 pCilL of radium as wall as fluorida lgvels exceeding 2 mg/l. and serious sulfide contamination, firr
identified for sach. The missian of ther?nitiatlve was » Spicewgod, Te’r"as (Quail Cfleek Subdivision)—This system, with a smgls well source, currenﬂy serves 14 the
defined as identifying, marketing, appraving, and connections with tha potential tusorve 55. It cannot grow until-radium contamination is controlied,” :e:
applying simple, inexpensive drinking water treatment Fluoride o a:;
1echnq(ogies fgr use by small systems'to _reach full * Circla, Mont.—This groundwalor sysiem has fluoride Isvals exesedlng req.llalory standards . cor
com;i:) "‘?"CQ with state and federal drinking water o Valley View Water Association, Mont—This system has 1luonde problems ard was selected hecause of its seli
regulations. ) o potantial for application of pombal«use or paint-ot-entry tachnology. Stale approval of this damanstration site has rev

The steering committee was charged with iden- been temporarily delayed. im
titying areas in which specific action agendas could F
be developed, prormating involvement of appropriate Nisrate sel
individuals and organizations, reviewing progress, . 30““" Siagﬂﬂogmﬂfd'"? (ﬁaf:' ~—This B'OU';UV::;BT Systlfm has both nitrate and DBCP contamination; the initial —
and enhancing application of innovative technologies lemonstration project will focus on a nitrate-laden we
developed under the initiative. Program committees » Pleasant Valley, Chio—This nitrats-contaminatsd system replaces West Milton, Chio, as a demonstralion site.
were established to evaluate the following five topics:

technology development, technical plan review,
marketdefintticn, financing, and alternative solutions.

Consensus to breach barriers

The public/private partnership convened agamn in
March 1889 1o review action plans developed by each
pragram committee. Frem the meeting emergad a
clear consensus that inttiative participants would work
to breach all barriers to approval and use of low-cost
technologies for small systems.

A major element of the meeting was the presen-
tation by the Technology Development Subcommit-
tee, chaired by Donald Manistedt, retired vice presi-
dent of Culligan International Inc., of a plan to
implement several full-scate, year-long demonstra-
tion projects of low-cost technalogies. The intent of
the plan was 10 allow selected small systems an
opportunity to attempt to mitigate their specific water
quality problems using innovative, low-cest treatment

systems supplied at no costto the utility by equipment
manufacturers. Participating utilities would be re-
sponsible for systems operation and maintenance
costs after completion of demonstration projects.
Targeted contaminants and compliance param-
eters for the demonstration projects included nitrates,
volatile organic contaminants (VOCs), surtace water
treatment, radon, corrosion control, and disinfection.
Treatmenttechrologres for such projects were to cost
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ASDWA, has distributed a questionnaire to state
officials s@eking data on how state review raquire-
ments can better accommodate more economical
and efficient small systems.

Solution outlined

The work of the Low-Cost Small Systems Technology
Initiative will be done when a small water system need
make onty one phone call to initiate & process that
resuits inthe installation of a reasonably priced water
treatment system that ensures regulatory compli-
ance. Therg are three principal objectives that must
be achieved before this can happen.

First, states must adapt to changing times, Pro-
gressive states are now aevalualing water treatment
proposals in the context of engineering efficacy rather
than through application of hard technical process
critaria. These states are requiring their state engi-
neers to seek parformance agreemsants on technolo-
gies with which they are unfamiliar. When states give
low-cost technologies a chance to work, the problem
of small systems noncompliance will be one-thirg
solved.

Secondly, only when there is a standing body of
infermation on the applicabiiity of low-cost small sys-
tern technologies available to states, engineers, wa-
ter system owners and managers, and the pubiic will
there be a basis for confidence in these technical
solutions. Ease of access through human and elec-
tronic means that are available to all who need the
informaticn will ensure identification of technical so-
lutions in a timely and effective manner. Developing
such adata base and making suchinformation readily
available wil! solve another third of the problem

Thirdly, the small systems compliance problem
will be fully sclved when there is a comprehensive
network ailowing sharing of resources and through
which states, engineers, squipment manufacturers
and distributors, water suppty operators, and the
pubiic successfully cooperate toidentify, acquire, and
install technical and management solutions appropri-
ate to and affordable by small systems_It can happen
within five years.

CITY YENTING
PROTECTION
FFICIENCY

COMBINATION
AR VALVES

Future considerations

Solving the small system noncompliance problem
can be likened to hammering a large nailthrough hard
mapie—i takes many hammer blows, each of which
advances the nail bit by bit. Several years ago the
AWWA Research Foundation funded a study on the
barriers to impiementation of innovative technolo-
gies. At that time it was recognized that states wouid
have to alter thair institutions before routine approval
of low-cast technologies would be realized.

Circi 127 on Reager Service Caed
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More lately, the near-term regulatory pressure to
approve filtration devices for small surface water
systems is leading states such as New York o change
significantly their approach to these technologies.
Even with the completion of the study on states’
current processes for reviewing and approving treat-
ment plans, there remains a great distance to gc
belore approval of established low-cost technologies
for small systems wiill be seen.

There will likely have to be pilot projects in every
state before all states change their routines. Impie-
menting such pilot projects will improve understand-
ing of which adjustments in state review processes
will work best. After three o five years, ehough
information will be on hand to allow states to select
alternatives that best meet their needs.

These pilat projects will have to show how cost
efficiencies can result as well as which appiication
forms, data-sharing activities, and accesses 1o data
networks are most effective. (ndustry volunteers and
equipment manutacturers and suppliers are needed
to pioneer this new territory.

For example, the procurement practices of small
systems need attention. The costof atypical procure-
ment is greater than the cost of the engineering
solutich under current practices. Privately held water
companies have a great deal of experience in effective
praocurement, and the United States can learn from
European and Asian procurement practices.

The data base of technological successes must
grow as well. The initial low-cost technology dem-
onstration projects will form only a small part of the
eventual data base. These projects could result in
dozens or perhaps hundrads of case studias docu-
menting the applicability of these technologies. All
such studies will have to be readily accessible and
understandable, Development of storage andretrieval
systems, with adequate protection of confidential
business information, must be piloted immediately.

Approaches to ensuring appropriate or adequate
quality contrel over data will have to be examined and
tested. Alternative approaches using electronic bulle-
tin boards, hard-copy files, facsirmile transmission,
and mail must be evaluated for efficacy, cost effi-
ciency, and financial viability.

Finally, a vigorous, self-sustaining community
partnership must be established. Data sharing, joint
preblem salving, testing of new technologies, and
recording each success story is the only way the
watar supply community can realize a potential thatis
greater than the sum of its parts. Establishing such a
cooperativa enhances the marketplace's ability to pro-
vide solutions to water systems in need of them. B
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Radium-Removal Efficiencies in
Water-Treatment Processes

William L. Brinck, R.J. Schliekelman, Dorothy L.
Bennett, Charles R. Bell, and Ira M. Markwood

Studies of radium removal by varloiu treatment processes indicate that the means
do exist to meet the 5-pCi/l limit for radium In drinking water.

Naturally occuring radium-226 is
found in numerous well waters. The EPA
published interim regulations on Jul. 9,
1976, that limit the concentration of
radionuclides in public water systems.!
Methods for removing radium had to be
identified so that drinking-water treat-
ment plants could be designed to meet
the limit of 5 pCi/I for combined radium-
226 and radium-228.

Studies were performed by two state
agencies, under EPA contracts, at four-
teen cities in Iowa and illincis to deter-
mine the radium-removal efficiency of
four water-treatment processes—reverse
osmosis, aeration and iron removal,
sodium cation exchange, and lime-soda-
ash softening.** This work was supple-
mented by a study at the water-treatment
pilot plant located in the EPA’s Cincin-
nati laboratory.

Description of Study

Water supplies were selected for the
study on the basis of (1) high raw water
gross alpha or radium-266 content {thir-
teen of the fourteen supplies had radium-
266 concentrations greater than § pCi/l
in raw water), {2) a variety of water-
treatment processes, (3} availability for
continuous operation during the study,
and (4) a range of municipal populations
served. A list of the cities included in the
study and some pertinent characteristics
are shown in Table 1.

Samples were collected from raw
water supply wells and from points
where treated water entered the distribu-
tion system. [n addition, treatment
systems in Iowa and at Herscher, IIl,
were sampled at various points through-

_out the treatment processes to determine

changes and removals of radium and
other pertinent chemical parameters.
Flows and other data were obtained to
determine whether plants were meeting
design rates and to provide data for
determining a material balance of
radium-226 removals. ‘

A significant difference between the
two states’ efforts was that, in lowa, each
treatment system was sampled over the
course of an operating cycle with
numerous samples taken throughout the
process, whereas in Illinois each system
was sampled on each of three separate
occasions at approximately one-week
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intervals. Thus, the results from [owa
give a detailed picture of system opera-
tion, while the results from Illinois give
an indication of the variation of oper-
ating characteristics over a period of
three weeks. Samples of well water
generally were collected near the begin-
ning of a pumping period and following
longer pumping times to determine any
time-related variability i» radium, hard-
ness, and other chemical parameters
during pumping.

Radium-226 analyses were performed
in Jowa at the lowa State Hygienic Lab.
using coprecipitation with mixed barium
and lead sulfates in accordance with
Standard Method ASTM D 2460-70. Hli-
nois radium-226 analyses were per-
formed by the Argonne Natl. Lab. using

the radon-emanation method. Some sam- -

ples were collected in duplicate for
intralaboratory collaborative testing to
check the accuracy of the radium-266
analysis. Typical overall precision of the
radium analyses was approximately +10
per cent above 1.0 pCi/l and +0.1 pCi/]
below 1.0 pCi/l for the lowa analyses.
The standard deviation of the Illinois
analyses was less than 10 per cent at all
concentrations.

The pilot plant in Cincinnati was used
to investigate the removal of radium-226
under ideal conditions of lime softening
at two different pH levels, 9.5 and 10.6.
The raw water was brought to Cincinnati
by truck from the Slade Ave. plant in
Elgin, I1l. Collected were samples of raw
water, treated water, and water at two
points in the treatment process: these
were analyzed using the radon-emana-
tion precedure by EPA in Cincinnati.

Results

Reverse osmosis. In the reverse osmosis
demineralizing process, high hardness
waler is pressurized and piped into a
reverse osmosis unit where relatively
pure water diffuses through the semi-
permeable membrane and becomes the
product water, leaving a concentrated
reject water. The much greater rejection
of divalent ions, such as calcium, magne-
sium, radium, and sulfate, than of the
monovalent jons, sodium and chlorine, is
characteristic of essentially all reverse
osmosis membranes.

The usual water supply for Greenfield,

0003-150X/78/0100-0031 $01.00
© 1978 Amerncan Water Works Association

lIowa, is an impoundment of surface
water. A reserve source of water from a
deep well is used during periods of
drought. The brackish well water, with a
total solids content of more than 2200
mg/], is treated in a reverse osmosis unit
installed in 1971. A description of the
plant and discussion of operating results
was published in 1972.* Raw, product,
and reject water samples were collected
and analyzed for radium-226 and other
chemical constituents; the results are
shown in Table 2. The average radium-
226 concentration in the reject water was
43 pCi/l, where 31 per cent of the
influent water was rejected and 69 per
cent was converted to low hardness
product water.

Iron and manganese removal. The pre-
sence of iron and manganese in drinking
water is objectionable primarily because
of taste, and the precipitation of these
metals turns the water a- turbid yellow-
brown color. The treatment processes
employed in the removal or control of
iron and manganese include:

1. Precipitation and filtration by aera-
tion. detention (or sedimentation). and
filtration or by oxidation by potassium
permanganate, chlorine, or chlorine
dioxide

2. Ion exchange with a continuously
regenerated permanganate greensand fil-
ter

Iron and manganese removal is uti-
lized in some form of pretreatment at
five ion-exchange softening plants and
as the only removal process at two other
plants selected for study (Table 3).

A tabulation of radium removal, iron
removal, manganese removal, and pH
(Table 4) suggests that radium-226 is
being removed on the manganese, just as
manganese-impregnated fibers have
been reported to remove radium.* There
are radium-226 removals of 46-56 per
cent when there is a significant manga-
nese removal. Fair et al.* note that “Hy-
drous oxides of Fe (III) and Mn (IV} have
high sorption capacities for bivalent
metal ions....Sorption capacities for
Mn-- at pH 8 are on the order of 1.0 and
0.3 mole of Mn (1) sorbed per mole of
MnO, and Fe(OH), respectively.” Al-
though this may explain the removal of
radium at these plants, further studies
are required to confirm this theory.
Radium concentrations in the iron filter-
backwash water were as high as 250 pCi/
L
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TABLE 1 TABLE 2 ;
Cities Included in Radium-Removal Studies Radium-226 and Hardness Removais .
at Greenfield, lowa, Reverse Osmosis
‘ Plant Ra-226 Water-Treatment Plant :
- Type of Population Capacity Raw Water -
City Treatmeni Served m*/day pGist Remarks l
Ra-228 Hardnesa
Greenfield. lowa reverse 0Imosis 2212 570 14
Adair. lowa iron removal 750 3600 13 ion and conti 1y - Amount
regenerated greensand Amount in Sampie
filters Sampling | in Sample | Removal | mg/i as | Removal
Stuart. lowa iron removai 1354 530 16 seration and pressure iron- Point pGisl per cent CaCo, per cent l
. removsl! filtration
Dwight C ionsl ion exchang 25 110 13 Well supply|. 14 - 810 -

Centet. 111, Plant 1] ] -] ] 5
Eldon, lowa ion exchange 1319 380 " eMuent .
Estherville, [owa ion exchange 8108 3300 5.7 '
Grinnell, lowa ion axchange B 402 1790 87 ' -
Herscher. 1L ion exchange 1000 380 143
Holstein, lowa ion exchange 1445 590 13 100 B
Lynwood. Il ion exchange 4 600 a0 1.7 = o N
Elgin, 1. lime-sodu-ash 25000 18 000 5.8 s °

softening £
Peru. 1l lime-soda-ash 12 400 6830 8.0 1 °
soltening g = ;
Webster City. lows lime-soda-ash LR ] 3000 7.8 E
softening . - [ o §
‘West Des Moines, lowa lime-sode-ssh 16 441 9730 93 3 -
softening ° -
& i )
©
1] 10 L]
Process oM

Fig. 1. Radium Removal vs Softening pH

- A,

TABLE 3
Radium-226 and Iron Removals at Water-Treatment Plants Using Iron- and Manganese-
Removal Processes

Ra-226 Iron
Amount Amount N
in Sample | Removai | in Sample | Removal
City Process Filter Type Sampling Point pCisl per cent mg/l per cent
Adair. lowa iron and manganese greensand well 13 - 11 -
removal fitter afMluent 8 38 0.02 98
Stuart, [owa iron and manganese coal filter well 16 - D04 -
removal media filter eflluent 12 25 0.03 L 14
Eldon. lowa ion-exchange coal filter weil 49 - 20 -
pretreatment maedia filter effluent 43 12 0.3 s
Estherville. lowa { ion-exchange coal fiiter well 57 - 20 -
pretreatment media filter effiuent 5.1 1" 0.67 ]
Grinnell, iowa ion-exchange none well 6.7 - 0.71 -
pretrestment detention efflluent 5.7 15 of 42
Heracher. 11!, ion-exchange coal fllter well 14.4 - 0.1 -
pretreatment media filter effluent 8.7 53 0o -
Holstein. lowa ion-exchange coal filter well 1 - 18 - l
pretreatment media filter effluent 7.2 [t 0.0% 97 E
Conventional treatment is suitable for radium
removal. '
TABLE 4
Radium-226, Iron, and Manganese Removals by Iron- and Manganese-Removal Processes
Re-228 lron . Manganese .
Raw Treated Raw Treated Raw Treated
Raw Water Water water Removal Water Water Removal Water Water Removal
City pH pCist pCis! per cent mg/| mg/l per cent mg/f mg/l per cent
Adair. [owa 8.7-89 13 a8 3 11 a0 o 0.01 am -
Eldon. lowa 7.8 48 4 12 10 03 85 an ao -
Estherviile, lowa 77 57 5.1 un 10 87 o8 24 a7 -
Grinnell. lowa 78 87 57 15 o7 041 2 [T 0.01 -
Herscher, 1Li. T8-83 49 a8 56 a2 g - 0.47 0.02 L]
7.6-83 1.5 X ) L] 04 Q - 041 am ]
7.6-8.3 14.9 6.9 54 01 0 - 0ss 001 98
7.6-8.3 142 [.X ] 52 o1 0 - K] 1] 100
78-83 14.0 6.9 5 0.1 0 - 0435 1) 100
76-83 1.9 6.0 51 01 ] - 0.63 [} 100
7883 1349 7.3 47 a2 a1 - 044 0.13 70
78-83 141 83 55 01 Q - 053 00z ]
7.8-4.3 14.3 8.5 55 01 L] - 050 [+] 100
Holstein. lowa 74-78 13 7 46 1.8 0.09 s 0.15 on €2
Stuart. lowa 78-7.8 16 2 25 0.94 om 7 0.01 001 -
<
e _ l
32  WATER TECHNOLOGY /QUALITY JOURNAL AWWA l




4 ™~ be the controlling factor in the amount of
. blending that would be permitted in
. TABLE 5 . order to meet the radium limit in
Radium-226 and Hardness Removals at Water-Treatment Plants Using lon-Exchange drinking water.
Processes The results of the measurements at
ion-exchange-process water-treatment
Re22s Hlardness plants are shown in Table 5. The data
_Amount _Amount shown from the plants in Illinois were
in Sample Removal in Sample Removal B
City Soltener Type Sampling Point pCi/l per ceni mg/! per cent the averages -of nine separate data
D! Gorrectional p— -~ iz - 0 - points. Ranges in the per cent reduction
Center, 11l softener efluent 0.38 . @ s of radium-226 through softeners at the
Eldon. Tows ceiite g;:::::m:z:tlem ‘gﬂ - 3:; - three cities were 70.7-98.3 at Dwight,
" softener efluent 19 o 10 s 68.4-93.9 at Herscher and, 94.7-98.2 at
distribution system 88 - 136 - LanOOd.
Estherville, lowa zeolite sofiener influent i - o8 - It was determined that the removals
distribution system 04 - ) - vary somewhat during a softener cycle
Grinnell. lowa weolite softener (s fluent b ot » - between regenerations. Radium-226 re-
distribution system 14 - 120 Z moval usually continues for a short
Herscher, 11 zeolite softener influent 8.7 ~ 404 - period after hardness breakthrough
softener effluent 1.3 81 83 78 .
distribution system 24 - 19 " occurs. If the cycle continues for a longer
Holstein. lowa zeolite softener influent 7.2 - sas - period after hardness breakthrough,
Eisciboatean yaferm o b — s however, radium-226 removal drops rap-
Lynwood. Il zeolite well 4.7 - 848 - ld]y
;'_’“‘::i';f:l:f:“’;‘:m 0 8 . - Samples (_)f softener b_rine and rinse
effluent during regeneration were taken
at various times during the regeneration
TABLE 6 cycle. Regeneration normally reguires
Radium-226 and Hardness Removals at Water-Treatment Plants Using Lime-Soda-Ash 1-2 _hr. It was f_ound that the major
Softening portion of the Fad1um-226 leaves the ion-
exchange media over a rather short peri-
Re.226 Hardmess 0d—-10-30 min. Maximum radium-226
. concentrations in the softener brine and
Ao | Removal | in Sumte | Removal | g of rinse effluents ranged from 320 to 3500
City Sampling Point pCisl per cent mg/lr per cent process pCi/l,
Eigin. 11l well 56 _ 237 _ _ Lime-soda-ash softening. This process
flter effiuent . 08 8 102 57 - of softening depends on the use of lime
Peru. ill. el uent bt " sz " - and soda ash to change the soluble
Webster City. lowa well 81 - %07 - - calcium and magnesium compounds into
(Aug. 1974) clerifier 1 effluent 19 - 3313 - 0.0 nearly insoluble compounds that are
clarifier 2 effluent 26 - 282 - 10.1 .
Flter efluent op 8s 262 "~ 93 flocculated, settled, and filtered. Condi-
Webster City. lowa well 7.8 - 482 - - tions for carrying out the precipitation of
(Feb. 1075) Clanfier effluent pod o by ot e calcium and magnesium vary because
West Des Moines, lowa well 23 - 376 - - different pH levels are needed for
g"’t’:';':‘m‘:’:l'“m““’ 26 ot - - oait | each—-about pH 9.5 for maximum precip-
itation of calcium carbonate and pH 10.5
for maxium precipitation of magnesium
\_ J hydroxide. Thus, if the magnesium

concentration is low, treatment to a pH
of 9.5 will be sufficient. If the magnesium

It was noted at several supplies that
there was significant reduction in ra-
dium-226 content after aeration and
detention alone before the water was
filtered. Further studies are required to
fully understand this phenomenon.

Sodium cation exchange. Water soft-
ening by the sodium-cation-exchange
(zeolite) process depends upon the abili-
ty of certain substances to exchange
cations with other calions dissclved in
water. When hard water is passed
through a sodium cation exchanger, the
calcium and magnesium in the hard
water replace the sodium on the
exchange medium. Because the reaction
is reversible, after all of the readily
replaceable sodium has been exchanged,
the cation exchange medium can be
regenerated with a solution of sodium
chloride. In the regeneration process, the
calcium and magnesium on the ex-
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hausted cation exchanger are replaced
with a fresh supply of sodium frem the
regenerating brine solution. Then, after
washing to free it from the calcium and
magnesium cations and excess salt. the
regenerated exchanger is ready to soften
a new supply of hard water. The ion-
exchange media studied included both
naturally occurring greensand and syn-
thetic polystyrene resins (zeolite).
lon-exchange softening removes near-
ly 100 per cent of the hardness from the
treated water. Consequently. unsoftened
water is blended with the ion-exchange-
softener effluent to provide sufficient
calcium carbonate for deposition of a
protective coating on the water mains
and to reduce treatment costs. Thus, the
water entering the distribution system
usually has a greater radium concentra-
tion than that leaving the softener. The
radium concentration in raw water could

concentration is high, excess lime, to
produce a pH of 10.5, can be used. A
more economical treatment is to raise the
pH to 10.5 to precipitate the magnesium
in a primary basin, then recarbonate
with carbon diexide to pH 9.6 to precip-
itate excess calcium in a secondary
basin.

Normally, sodza ash is added as needed
to precipitate noncarbonate hardness,
but because of a soda ash shortage. the
West Des Moines plant was using only a
small quantity. The Webster City plant
was using lime only during the Aug. 1974
measurements but was using soda ash
during 