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URS

AN INTERNATIONAL PROFESSIONAL SERVICES ORGANIZATION

August 31, 1994 URS CONSULTANTS, INC. /T

282 DELAWARE AVENUE BUFFALO
BUFFALO, NEW YORK 14202-1805  GLEVELAND
(716) 856-5636  SonuMBUS

FAX: (716) 856-2545  NEW YORK

M‘r..Joe Yavondetti, Project Manager- - RARAMUS, NI
Division of Hazardous Waste Remediation SAN aTESC
New York State Department of Environmental Conservation VIRGINA BEACH
50 Wolf Road WASHINGTON, D.C.

Albany, New York 12233-7010

RE:

RAMAPO LANDFILL REMEDIATION
RESULTS OF SECOND QUARTER MONITORING FOR 1994

Dear Ms. McCue:

Attached are two (2) copies the results of the second quarter monitoring event for 1994. This sampling
is the second round of sampling included as part of the Remedial Action phase of the Ramapo Landfill
Remediation Project. This document provides the validated analytical data for the second of eight
sampling rounds included during this phase of the project and historical analytical data tables for the four
target compounds, i.e., benzene, chromium, iron and manganese. Locations sampled are shown in Figure
1. The samples for this monitoring event, which was conducted the week of June 20, 1994, were
analyzed for routine and site-related parameters.

In addition to the usual sampling, a tap water sample from the faucet in the Torne Brook Farm office
(identified as PW-3) was analyzed to determine the Langlier Corrosivity Index of the water. The Langlier
Index for PW-3 was found to be -2.8, indicating that the water is corrosive.

As you know, the third quarter monitoring event for 1994 is planned for the week of September 19.
Please feel free to call if you have any questions or if you wish to discuss.

Sincerely,
URS CONSULTANTS, INC.

’7 e

ames Lanzo f/
Project Manager :
cc: Supervisor Reisman - Town of Ramapo J} ; 1994
Mr. Gene Ostertag - Town of Ramapo ‘ U StP 6
Mr. Alan Simon - Town of Ramapo TG
Mr. Robert Nunes - USEPA CONST?%%N SERVICES
Mr. Thomas Micelli - Rockland County Department of Health

Ms.
Mr.
Ms.
Mr.
Mr.
Mr,
Mr,
Mr.

Judy Hunderfund - Rockland County Department of Health

John Olm - NYSDOH

Arlene Lapidos - Ramapo Land Company, Inc.

George Demas - Torne Brook Farm

Raymond Cywinski - Hackensack Water Company

Tanyo Parashkevov - Hackensack Water Company

Michael Barnes, Director of Operations - Spring Valley Water Company
Craig Flanagan

File: 35314 (VI-C and XII-C) N35314\WP\COR\8-31-04M.KMClyg
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TABLE 3
RAMAPO LANDFILL
GROUNDWATER AND SURFACE WATER
MONITORING DATA
COMPOUND: Benzene
Sample ID Date of Sampling Event

1/90 9/90 1/93 4/93 9/93 12/93 3/94 6/94
10/S ND ND ND ND ND
1R ND ND ND ND ND
2 0/S ND ND ND ND ND
2R ND ND ND ND ND
3 0/S/1 ND ND ND ND ND
3R ND ND ND ND ND
4 O/S ND ND ND ND ND
4R 0.7 ND ND ND ND
51 NA NA ND ND ND
50/8 ND NA NA NA ND
5R ND ND ND ND ND
61 ND ND ND ND ND
6R ND ND ND ND ND
7 O/S ND ND ND ND ND
7R ND ND ND ND ND
81 ND ND ND ND ND
8 O/S ND ND ND ND
SR 9 ND ND ND ND
91 NA NA N. NA NA ND ND
9 O/S NA ND ND ND NA ND ND
9R NA ND ND ND NA ND ND
PW-1 NA ND ND ND NA ND ND
PW-2 NA NA * ND ND ND NA NA NA
PW-3 NA NA NA NA NA NA NA ND
BP-1 NA NA ND NA NA NA NA NA
BB-1 NA NA ND ND ND NA ND ND
RVWF-1 NA NA ND ND ND NA ND ND
SVWC-93 NA NA ND ND NA NA ND ND
SVWC-94 NA NA ND ND NA NA ND ND
SVWC-95 NA NA ND ND ND NA ND ND
SVWC-96 NA NA ND ND NA NA ND ND

Surface Water Date of Sampling Event
Sample ID 10/89 7/90 1/93 4/93 9/93 12/93 3/94 6/94
SW-1 ND NA ND ND ND ND ND ND
SW-5 ND ND ND ND ND ND ND ND
SW-6 NA ND ND ND ND ND ND ND
SW-8 NA ND ND ND ND ND ND ND

Notes: Concentration reported in pg/L (ppb).
ND - Not detected
NA - Not applicable (e.g. well not installed by this date or if installed, not sampled)
* NYSDOH results from 3/92 sampling.

Exceeded ARAR value of 0.7 ppb for groundwater.
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TABLE 4
RAMAPO LANDFILL
GROUNDWATER AND SURFACE WATER
MONITORING DATA
COMPOUND: Chromium
Sample ID Date of Sampling Event
1/93 4/93
10/8 8 ND
1R ND ND
2 O/S NA ND
2R NA ND
3 O/S/T 40.4
3R ND
4 O/S ND
4R 13.1 ND 8.8
51 NA NA NA
50/S 35.6 48.8 ND
5R 27.4 29.3 6.8 ND
61 NA 28.7 ND ND
6R NA 31.1 24 34.8
7 O/8 33.5 40.1 24.2 13.0
7R 16.8 ND ND
81 32.5 NA ND
8 O/S 34.8 16.7 ND ND 28.7
S8R 20 23.1 9.9 ND . 17.0
91 NA 8.1 NA NA NA ND
9 O/S NA 6.8 ND ND ND ND 22.9 27.1
9R NA 8.8 3.9 16.4 16.7 11.6 354 48.2
PW-1 NA ND ND ND ND ND ND ND
PW-2 NA ND * ND ND ND 4.9 NA ND
PW-3 NA NA NA NA NA NA NA ND
BP-1 NA NA ND NA NA NA NA NA
BB-1 NA NA ND ND ND ND ND ND
RVWF-1 NA NA 25.2 14.7 13.2 20.5 8.4 ND
SVWC-93 NA NA ND ND NA ND ND ND
SVWC-94 NA NA ND ND NA NA ND ND
SVWC-95 NA NA ND ND ND NA ND ND
SVWC-96 NA NA ND ND NA ND ND ND
Surface Water Date of Sampling Event
Sample ID 10/89 7/90 1/93 4/93 9/93 12/93 3/94 6/94
SW-1 ND NA ND ND ND ND ND ND
SW-5 ND ND ND ND ND ND ND ND
SW-6 NA ND ND ND ND 5.1 ND ND
SW-8 NA ND ND ND ND ND ND ND
Notes: Concentration reported in pg/L (ppb).
ND - Not detected
NA - Not applicable (e.g. well not installed by this date or if installed, not sampled)
* NYSDOH results from 3/92 sampling.

Exceeded ARAR value of 50 ppb for groundwater.
% s Exceeded ARAR value of 50 ppb for surface water.
The ARAR for SW-1 (Class A water body) is 50 ppb.
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TABLE 5
RAMAPO LANDFILL
GROUNDWATER AND SURFACE WATER
MONITORING DATA
COMPOUND: Iron
Sample ID Date of Sampling Event
190 | 9/90 1/93 4/93 9/93 12/93 | 3/94 6/94
10/S 834 12200
1R
20/
2R
30/8
3R
4 0/S
4R
51
50/8
5R
61
6R
7 0/S
7R
81
TR e e BT BT
8R
91
9 0/S
R A Tm
PW-1 130
PW-2 NA 11 * 41.8 49.5 ND NA ND
PW-3 NA NA NA NA NA NA 6.4
BP-1 NA NA 274 NA NA NA NA
BB-1 NA NA 297 247 225 263 282
RVWF-1 NA NA 207 202 294 221 ND
SVWC-93 NA NA 32.6 10.6 NA 179 ND
SVWC-94 NA NA 40.3 19.1 NA NA 49.4 ND
SVWC-95 NA NA 51.7 74.4 ND NA 45.5 ND
SVWC-96 NA NA 22.3 17.3 NA 22.6 14.9 ND
Surface Water Date of Sampling Event
Sample ID 10/89 | 7/90 1/93 4/93 | 9/93 12/93 6/94
SW-1 NA 141 170 119 287
SW-5 163 194 204 168 71.7 41.9 291
SW-6 177 82.5 245 76.7 55.2 55 159
SW-8 50 109 ND 26.7 66.2 187

Notes: Concentration reported in pg/L (ppb).
ND - Not detected
NA - Not applicable (e.g. well not installed by this date or if installed, not sampled)
* NYSDOH results from 3/92 sampling.

Exceeded ARAR value of 300 ppb for groundwater.

Exceeded ARAR value of 300 ppb for surface water.
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TABLE 6
RAMAPO LANDFILL
GROUNDWATER AND SURFACE WATER
MONITORING DATA
COMPOUND: Manganese
Sample ID Date of Sampling Event
1/93 4/93 9/9 12/93
10/8 50
1R 144
20/8 298 L IEE adab S B :
2R
3 O/8
3R
4 O/S
4R
I
50/8
5R
61
6R
70/8
TR
81
8 O/S
S8R
91
9 0/8S
IR 2320 2280
PW-1 NA ND 1.2 1.8 3.6 5.4
PW-2 NA ND * 4.7 7.5 6.6 NA
PW-3 NA NA NA NA NA
BP-1 NA NA NA NA NA
BB-1 NA NA 11.7 10.3 8.9
RVWEF-1 NA NA 40.2 111 46.5
SVWC-93 NA NA 1.7 NA 72.2 ND
SVWC-94 NA NA 7.3 ND NA NA 6.3 ND
SVWC-95 NA NA 56.4 1.8 ND NA 91.6 108
SVWC-96 NA NA ND ND NA ND ND ND
Surface Water Date of Sampling Event
Sample ID 9/90 1/93 4/93 9/93 12/93 3/94 6/94
SW-1 I NA 16.6 107 50.4 29.6 63 83.8
SW-5 19.5 44.5 19.3 27.9 70.8 20.5 23 50.3
SW-6 NA 31.9 14.5 23.9 14.4 16.9 19.6 23.5
SwW-8 NA 153 10.9 28.5 8.6 9.9 17.6 64.3
Notes: Concentration reported in pg/L (ppb).
ND - Not detected
NA - Not applicable (e.g. well not installed by this date or if installed, not sampled)

results from 3/92 sampling,
- Exceeded ARAR value of 300 ppb for groundwater.
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45"9 Designation: D 3739 - 88

Standard Practice for

Calculation and Adjustment of the Langelier Saturation Index

for Reverse Osmosis'

This standard is issued under the fixed designation D 3739; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision.

superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This practice covers the calculation and adjustment of
the Langelier saturation index for the concentrate stream of a
reverse osmosis device. This index is used to determine the
need for caicium carbonate scale control in the operation
and design of reverse osmosis installations. This practice is
applicable for concentrate streams containing up to 10 000
mg/L of total dissolved solids.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: .

D 511 Test Methods for Calcium and Magnesium in
Water?

D 1067 Test Methods for Acidity or Alkalinity of Water?

D 1129 Definitions of Terms Relating to Water?

D 1293 Test Method for pH of Water?>

D 1888 Test Methods for Particulate and Dissolved Matter
in Water?

D 4194 Test Methods for Operating Characteristics of
Reverse Osmosis Devices?

3. Terminology

3.1 For definitions of terms used in this practice, refer to
Definitions D 1129.

3.2 Descriptions of Terms Specific to This Standard:

3.2.1 For descriptions of terms relating to reverse osmosis,
refer to Test Methods D 4194, )

3.2.2 Tangelier saturaiion index—an 1index calculated
from total dissolved solids, calcium concentration, total
| alkalinity, pH, and solution temperature that shows the
‘ tendency of a water solution to precipitate or dissolve
calcium carbonate.

il S,

4. Summary of Practice
4.1 This practice consists of calculating the Langelier
saturation index for a reverse osmosis concentrate stream

! This practice is under the jurisdiction of ASTM Committee D-19 on Water
and is the direct responsibility of Subcommittee D19.08 on Water Treatment
Materials.

Current edition approved Sept. 30, 1988. Published November 1988. Originally
published as D 3739 - 78. Last previous edition D 3739 - 83.

2 Annual Book of ASTM Standards, Vol 11.01.
3 Annual Book of ASTM Standards, Vol 11.02.
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NOTE 1-
reverse OsI
considered
. i This assum
A number in parentheses indicates the year of last reapproval. A
7.2 Ca
concentr:
from the total dissolved solids, calcium ion content, total solution,
alkalinity, pH, and temperature of the feed solution, and the passage ¢
recovery of the reverse osmosis system.
4.2 This practice also presents techniques to lower the
Langelier saturation index by decreasing the recovery, by here:
decreasing the calcium content of the feedwater, or by ¥DS .
changing the ratio of total alkalinity to free carbon dioxide in N
the feedwater. DS,
5. Significance and Use
5.1 In the design and operation of reverse osmosis instal-
lations, it is important to predict the calcium carbonate SP -
scaling properties of the concentrate stream. Because of the TDS
increase in total dissolved solids in the concentrate stream i
and the difference in passages for calcium ion, bicarbonate NotE ‘
ion, and free CO,, the calcium carbonate scaling properties gﬁﬁeegs“
of the concentrate stream will generally be quite different
from those of the feed solution. This practice permits the
calculation of the Langelier saturation index for the concen- The error
trate stream from the feed water analyses and the reverse 73 C
0smosis operating parameters. from th
. positive Langelier saturation index indicates the reverse «
tendency to form a calcium carbonate scale, which can be
damaging to reverse osmosis performance. This practice
gives various procedures for the adjustment of the Langelier
saturation index. where:
. o Alk_
6. Procedure Alk,
6.1 Determine the calcium concentration in the feed Y
solution in accordance with Test Methods D 511 and express
as CaCO,. SP,
6.2 Determine the total dissolved solids of the feed Nore
solution using Test Methods D 1888. ) value sh
6.3 Determine the total alkalinity of the feed solution Osmosis
using Test Methods D 1067, and express as CaCO,. 7.4 (
6.4 Measure the pH of the feed solution using Test concen
Method D 1293. in the «
6.5 Measure the temperature of the feed solution. feed: C

7. Calculation

7.1 Calculate the calcium concentration in the conced:
trate stream from the calcium concentration in the f
solution, the recovery of the reverse osmosis system, and the
calcium ion passage as follows:

o o L TSP "

1-Y

where: TR
Ca, = calcium concentration in concentrate, as CaCO%

mg/L,



G @5 ’94 14:0 LQBS- NG P.aa
75 Broad Ho)low Road, Melvil’» N.Y. 11747
'/f ‘l l ‘ o (S8R N LAB NO: 9419853

U.R.§5. CONSULTANTS,INC. TYPE...... GROUND WATER
292 DELAWARE AVE. SPECIAL
BUFFALO, NY 14202

DATE COLLECTED., 06/21/94 POINT NO:

DATE RECEIVED.. 06/22/94 LOCATION: PW-3

COLLECTED BY... CL99

PROJEQCT NO..... 35314 RFMARKS: RAMAPO LANDFILL
PARAMBTER (3) RESULTS UNITS
CHLORIDE 12 mg/1
Cop <15.0 mg/l
TOTAL HARDNESS 32.0 ng/l
LANGLIER SATURATION INDEX -2.8
AMMONIA (AS N) <0.02 mg/l
NITRATE (AS N) 0.4 ng/l
YOPAL PHENOLS <1 ug/}l
SULFATE 7.5 wmg/l
TOTAL ALKALINLTY 22.4 og/l
TOTAL DISSOLVED SOLIDS 31 mg/1
POTAL ORGANIC CARBON(TOC) 1.0 mg/l
TURBIDITY <1 units

COPIES TO: DATE ISSUED 07/21/94

W ECIOR
ORIGINAL



THE FOLLOWING FIVE (5) PAGES FROM HACH CO. LITERATURE
WERE PROVIDED BY H2M LABORATORY



LANGELIER SATURATION INDEX

The Langclicr Saturation Index (LI), 2 measure of @ solutions ability to dissolve or deposit calcium
carbonate, often is used as an indicator of the corrosivity of water. The index is not related directly 10
corrosion, but s related o the deposition of a calcium carbonate fllm or scale which can insulate pipes,
boilers and other components of a system from contact with water. When no protective scale is formed

wa idered to be aggressive, 9_0_9;@9@ can occur it preventauve measures are nottaken. Oatae
other hand, an excess of scale can damage water systems, necessitating repair or replacement.

In developing the L1, Langelier derived an equation for the pH at which water is saturated with
" calcium carbonate (pH,), This equation is based on the equilibrium expressions {or calcium carbonate
solubility and bicarbonate disasscciation. To approximate actual conditions more closely, pH, calculations
were modified to include the effects of temperature and ionic strength.

The Langelier Index is defined as the difference between actuai pH (measured) and calculated pH,. The
magnitude and sign of the L1 valuc show a water’s tendency to form or dissolve scalc and thus inhibit or
encourage corrosion.

Although Information obtained from the L1 is not quantiiative, it can be useful in estimatng waicr
treatment requirements for low pressure boilers, cooling towers and watar treatment plants—as well as
serving as a general indicator of the corrosivity of water.

Parameter Measurement

The Langelier Saturation index can be calculated easily by using Hach products to determine the pH
of calcium carbonate saruration (pH,) and the acrual pH of a solurion. Using a simple formuls, the pHy is
derived from the values for calcium hardness, totai alkalinity, temperature and total filterable residue (total
dissoived solids).

Total alkalinity: Total alkalinity is determined by titrating a water samplic with siandard acid to 2 brom
cresolmethyl red end point. The value is expressed in mg/L CaCO;.

Calcium hardness: An EDTA (ethylenediamir stetraacetic acid) titration with an appropriate indicator
is used for the calcium hardness measurement. The value is expressed in mg/L C2CO;.

Temperature: Temperature can be measured in degrees centigrade with a laboratory thermometsr
(Cat. No. 2C959). If only a Faiwrenheit thermometer is availabie, conversion to degrees Centigrade wiil
be necessary. Refer to the anpendix for 2 Fahrenheit to Cenrigrade conversion formula

Total filterable residue: Toual filirable residue (toal dissoived solids) refers to the amount of dissolved
solids present in 2 sampie. It is determined gravimetrically or can be estimated by using 2 conductivity
meter (see apoendix) and expressed in mg/L.

pH: The pH (referred to &8 pHyquay can be measured by using Hachs Mini pH Mueter (Cat
No. 17200-10), Digital pH Meter (Cat. No. 19000-0Q) with automatic temperature compensation, or
one of Hach’s other pH instruments.

"Hace p (o¢ (e ¢ inciused W 1ae L) ex- Thésa 7 @ aise be (0ued in (s Water Analysia Handboak,

SHach Co.. 1981 All rights reserved. 3073 %8l PRINTED IN U.§- 4.
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Parameter Messuremant®

Total alkaiinity: Total alkalinity is determined by titrating 2 water sample with standard acddtoa brom
cresol-methyl red end point. The value is expressed in mg/L CaCO;

Y

Calcium hardness: An EDTA (ethylenediaminetetraacetic acid) rieration with an appropriate indicator
is used for the calcium hardness measurement. The value is expressed in mg/L CaCOs

pH: The pH (referred to as pHacral) can be measured by using Hach's Mini pH Meter (Cat.
No. 17200-10), The Hach Digital pH Meter (Cat. No. 19000-00) witk: aUl0MALIC termperature compen-

sation or one of Hach's other pH instruments.
*Hack p far thme 2ty inalaget i e L| packags. These provod an ass b (ound is Uhe Waw Asaiyss Haedboek.

Calculstion

After obtaining the pH, total alkalinity, and calcium hardness, use the following formula to calcuiate
the Al.

Al = pHuquu * C+ D

Value C is obtained by using the measured vaiue [or vaiue D is obtained by using the meusured vaiuc fus tutal
calcium hardness in mg/L CaCQj; and reflerming to alkaiinity in mg/ L CaCO;and referring (o Table 4.
Table 3.

Interpretation
As with LI, the Al ls not a quantitative measure of corrusion but is a general indicator of the tendency
for corrosion 0 occur and should be used with proper reservation. An Al of 12 or above indicates
C non-aggressive (not corrosive) water; Al values below 10 indicate extremely aggressive (corrosive) condi-
tions. Values of 10-11.9 suggest that the water is moderately aggressive. Corrosivity characteristics of water
as indicated by the LI and Al are compared in Tabie 3.

APPENDIX

Estimation of Dissolved Solids
Conductivity measurements can be used to estimate the amount of total dissolved solids (TDS) in a
water sampie using the following procedure.

I. Add four drops of phenolphthaisin solwion (Cat.No. 1897-36) 10 2 50 mi sample. if 3 pink color develops, add gallic
acia solution (Cat. No. 14423.26) grop-wise umil ihe color disappears.
- 2, Using a Hach Mini Conductivity Meter (Car. No. 17250-00), a Hach Portaoie Conductivity Meter (Cat. No. 16300-00)
or an squivalent inttrument, measure the conductivity of the sample in micramnes/em.
3. Multiply the sample conductivity by 0.9 (TDS/conductivity ratio) to obtair: the approximate TDS inmg/L. Forstsam
condensates, multiply the conductivity by 0.5 1o (.6 for the approximate PS8 in mg/ L.

Notes: Addition of gatlic acid in the first step ehumingees interisrence by hydroxide ions which have 3 high conductance
relative 1o other common ions normally in water sampies. An excess of gailic acid will not contribute siguiicantly w0 the
congdustivity.

The raiio of the dissolved solids (o conguativity is dependent on the type of substances that are in the sample and
therctore differs with each plant or waler system (3he Q.9 anad 0.3 TDS, CONGUCLIVilY Fatius 3rC 4pwi UALMALIONS Dascd o the
average of many samples).

Cor more accurate results. the reiationship between conduetivity and TDS should be established lor cagh plaat of
system individually. This reiationship i determined by measuring the conductivity and TD$S {using the gravimetric mateod;
for a series of 10 representglive samples. The average of the TDS, conductivity ratios for these sampics then can be
substituted for the coastamts .9 or 0.5 in estimating tae TDS. [f crastic changes in waler composition oceur, ine
TDS, conductivity ratio should be redetermined.

Fahrenheit To Centigrade Conversion: Degrees Centigrade = 5/9 x (Degrees Fahrenneit - 32)

Page 3 of 5
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Calculation
After the preceding parameters have been dctermined, caleulate the pH  from the following formuia: _
pH,=A+B-C-D 'S

Coastant A, which taes into account ihe effect of em-
perature, is found by selecting the value from Tabic 1 that
correspands to the meagursd temperature in degress
centigrade.

Constan B heips compsnsate ior the ionic strength of the
sample. It is located in Table 2 by taking the value that
correspands to the measured total filtrable residue or the
sstimated TDS.

Vaine C is obtained by using ne caléium hariness (in

Vaiue D iy ubtainex by using ¢ (o1al alkalinity (in mg/ L

CaCO0y) of the sampie and referring to Tabie 4

| mg/L CaCOy of the sampie and referring 10 Table 3.

The Langelier Sawuration lndex i the diffcrence between the pHagua of the solution and the pH,
calcuiated above.
pHagua - PH = L1

Interpretation _
The L1 is 2 gauge of whether a water wili precipitate or dissolve caicium carbonate. If the pH, is equal to
the actual pH, the water is considered “balanced.” “This means that caicium carbonate will not be dissolved
or precipitated. If the pH, is less than the actual pH (the LI is a positive number), the water will tend to
deposit calcium carbonate and is scale-forming (nonaggressive). If the pH; is greater than the actual pH (the
Ll is a negative number), the water i« not saturared and will dissolve calcium carbonate.
In summary:
pH, = pHaqya, water i balanced
pH, < pHyaua, Water is scaie forming (nonaggressive) C
pHy > PHagruat, water is not scale forwing (aggressive)

1t is important to remember that the L1 value i not a quantizative measure of calcium carbonate
saturation of corrosion.

Because the protective scale formation is dependent on pH, bicarbonate ion, calcium carbonate,
dissolved solids and temperature, cach may affect the water’s corrosive tendencies independently. Soft, low
aikalinity waters with cither low or excessively high pH arc corrosive ¢ven though this may not be predicted
by the LI This is because insufficient amounts of calcium carbenate and alkalinity are available to form a
protective scale.

Waters having high pH values and sufficient hardness and aikalinity also may be corrosive even if the
L1 predicts the opposite. This is the resuit of calcium and magnesium compiexes that can not actively
participate in the scale forming process. Analytical procedures do not distinguish between these complexes
and available caicium and magnesium, and so the LI value is not accurate in such situations.

Corrosive tendencies may be exhibited also by water containing sulfate, chioride and other ions in
excess of 150 mg; L. These ions interfere with uniform carbonsate {ilm formation.

As a result of thesc and other proolems, the LI is useful only for determining the corresivity of waters
containing more than 40 mg; L of alkaliniy, sufficient caicium ion concertration and ranging between
pH 5.5 and 9.5.

AGGRESSIYE INDEX
The Aggressive Index (Al), onginally deveioped for monitoring water 1o 0¢ transported through
asbestos pipe, is sometimes substituted for the Langehier [ndex as an indicator of cocrasivity in water. The
Al is derived from the actua! pH, calc:um hardness and total alkalinity. Where it is appiicable. it is simper -
and more convenient than the L1 Since the Al does not inctude tas effects of temperature or dissoived
solids, it is less accurate as an anaiytical tooi than the L1
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2
Table for Constant A Table for Constant B
ater 1emp X Yotay Dissolved solids 8
0 2.60 0 mg/liter 9.70
4 .50 100 9,77
8 2.40 200 9.83
12 2.30 400 9.86
16 2.20 800 9.89
20 2.10 1000 9.90
Table for log (Ca*’) and log (alkalinity)
CaH or Alkalinity expressed
as mg/1iter of €al03 : log
10 A 1.00
20 1.30
30 : 1.48
42 1.60
50 1.70
60 1.78
7Q 1.84
30 1.90
100 2.00
200 2.30
300 2.48
400 2.60
. 500 2,70
o 600 2.78
700 2.84
800 ’ 290
3Q0 2.95¢ 'J
1000 3,00 T
Example: pH = 7.03 water Temperature = 20 C: Total Dissolved Solids = 400
mg/1iter; Calcium as CaC03 = 300 mg/liter and Alkatinity = 100
mg/liter
Langelier's Index = 7.0 - (2.10 + 9.86 - 2.48 - 2.00)
s 7.0 - (7.48) = -0.48
WS e
486/787 .
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