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Preface

An evaluation of 4 years of effluent monitoring data for the 200 Area Treated Effluent Disposal
Fecility (TEDF) at the Hanford Site was conducted by Pacific Northwest National Laboratory (PNNL)
during fiscal year 1999. Findings of that evaluation were presented in a draft report (dated October

1999). The draft report was used by Washington State Department of Ecology as supporting information
to revise effluent monitoring requirements for the new TEDF permit that will become effective in April

2000. Thisreport isthe unabridged version of the draft report that served as technical basis for the
revised monitoring requirements.



Summary

This report updates the original effluent variability study for the 200 Area Treated Effluent Disposal
Facility (TEDF) and provides supporting justification for modifying the effluent monitoring portion of the
discharge permit (Ecology 1995). Four years of effluent monitoring data were evaluated and used to
satisticaly justify changes in permit effluent monitoring conditions. The permit modifications will be
used to regulate and monitor TEDF at a level appropriate to the environmental risk of the discharge.

Results of the statistical evaluation indicate the effluent is similar in composition to local drinking
water (Columbia River water) with a little chloroform from the chlorinating process and some added
chloride and iron (primarily particulate). Based on effluent data for four consecutive years, the proba-
bility of exceeding permit limits under normal operating conditions is less than one in a million, except
for iron. Maximum monthly average concentrations of iron were exceeded twice for total iron.

Random transient increases in total iron and chloride occurred during the evaluation period. The iron
transients are attributed to periodic flushing of rust particles from aging water and wastewater distribution
and collection piping. The random spikes of chloride were due to ion-exchange column regeneration at
the 200 Areas power plants that were shut down in 1998.

As aresult of the 4-year period of effluent monitoring and data evaluation, the TEDF effluent compo-
sition and variability of the effluent waste stream are now well defined. Accordingly, a modified effluent
monitoring program is proposed that is more tailored to contemporary 200 Area wastewater conditions.
The low detection frequency for several permit constituents, the small number of actual permit limit
exceedances and low exceedance probabilities for detected constituents indicate a significant reduction in
the number and/or type of routine measurements can be made with no risk to the environment. The
approach or strategy relies on (1) the use of gross apha and gross betain lieu of isotope specific analyses,
(2) elimination of analytes with a history of non-detects, and (3) reduction in frequency of sampling
where appropriate. |mplementation of the proposed changes to the discharge permit will result in a more
efficient and cost-effective effluent monitoring program.

Notice

This report is based on the effluent data that was available through June 28, 1999. However, high iron,
manganese, and chromium concentrations for a sample collected on June 21, 1999, were validated after
this report was completed. 1t was determined that these results may not adequately represent the typical
composition of the original sample due to the presence of particulate materid in the sample (i.e., non-
homogeneous and highly variable). The excursions were the subject of a non-compliance report sub-
mitted to Washington State Department of Ecology (Ecology) on September 20, 1999. Therefore, the
data set used for the statistical evaluation presented in this report did not include the anomaloudly high
iron, manganese, and chromium concentrations that occurred on June 21, 1999.
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1.0 Introduction

1.1 Background

The 200 Area Treated Effluent Disposal Facility (TEDF) consists of a pair of infiltration basins that
receive wastewater originating from the 200 West and 200 East Areas of the Hanford Site (Figure 1).
TEDF has been in operation since 1995 and is regulated by State Waste Discharge Permit ST 4502
(Ecology 1995) under the authority of Chapter 90.48 Revised Code of Washington (RCW) and
Washington Administrative Code (WAC) Chapter 173-216. The permit stipulates monitoring require-
ments for effluent (or end-of-pipe) discharges and groundwater monitoring for TEDF. Groundwater
monitoring began in 1992 prior to TEDF construction. Routine effluent monitoring in accordance with
the permit requirements began in late April 1995 when the facility began operations.

The State Waste Discharge Permit ST 4502 included a special permit condition (S.6). This condition
specified a statistical study of the variability of permitted constituents in the effluent from TEDF during
itsfirst year of operation. The study was designed to (1) demonstrate compliance with the waste dis-
charge permit; (2) determine the variability of al constituents in the effluent that have enforcement limits,
early warning values, and monitoring requirements (WHC 1995); and (3) determine if concentrations of
permitted constituents vary with season. Additiona and more frequent sampling was conducted for the
effluent variability study. Statistical evaluation results were provided in Chou and Johnson (1996). Parts
of the original first year sampling and analysis plan (WHC 1995) were continued with routine monitoring
required up to the present time.

1.2 Objectivesand Scope

This report updates the origina study of effluent variability (Chou and Johnson 1996) for TEDF. A
major objective of this document is to provide supporting justification for modifying permit ST4502,
Section S.9 regarding effluent monitoring and to propose a new monitoring regime in accordance with
Section S6. Thefirst 4 years of effluent monitoring data were evaluated and used to statistically justify
changes in permit effluent monitoring conditions. The permit modifications will be used to regulate and
monitor TEDF at alevel appropriate to the environmental risk of the discharge. Numerical and graphical
results of the updated statistical evaluation are provided in Appendix A and B. The results are sum-
marized and discussed in the following sections followed by recommendations for modifications to the
existing monitoring program.
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2.0 Detections

The sampling schedule and analyte list for the first year of TEDF operation (July 1995 through June
1996) are summarized in Table 1. More frequent sampling was conducted during this period to evaluate
variability in analyte concentrations over time and to determine facility operational factors that might
contribute to waste stream variability. At the conclusion of data collection for the variability analysis,
sampling no longer included the samples and analytes required solely for the variability study. In
subsequent years, only the routine monitoring indicated in Table 1 is required for permit compliance.

Continuous monitoring for pH, specific conductivity, and flow are also part of the overall monitoring
program. The continuous measurements allow genera water quality to be tracked on a day-to-day or
real-time basis and indicate magjor changes in the effluent.

Current analytical methods and detection levels for constituents of interest areshown in Table2. A
detection frequency summary of al results to date (listed by years) is provided in Table 3. The detection
limits improved for severa constituents during the four-year period (e.g., arsenic, cadmium, chromium,
lead, and radium-226) and account for the implied increase in detections. Even though the frequencies of
detection for these constituents increased numerically, natural levelsin river water account for most of the
detections, as discussed later (Section 5.4).

Supporting details of Table 3 (by seasons of the year) are presented in Appendix A (Table A-1). A
description of Table 3 (by constituent group) follows.

VolatileOrganics. Tota trihalomethane was the only significant volatile organic analyte (VOA)
detected. Chloroform was the dominant trihalomethane with only occasional detections of
bromodichloromethane. In addition, methylene chloride, a common laboratory contaminant, was reported
as a detected constituent in 6 of the 237 samples analyzed for VOASs during the 4-year period. Asnoted
in the previous variability study report (Chou and Johnson 1996), the trihalomethanes seem to be highest
during the spring and summer. This seasond factor is attributed to the increase in natura organicsin
river water that react with the chlorine to form the trihalomethanes. (Chlorine is added to river water
from the 100 B Area at the water treatment plant to produce sanitary and drinking water for use in the
200 Aress.)

Semi-Volatiles. Except for theinitia period of the variability study, phenol and bis (2-ethylhexyl)
phthalate were analyzed in only the composite samples (see Table 1). Phenol was not detected during the
4-year period. The highest detection frequency (17% in grab samples) for bis (2-ethylhexyl) phthalate
occurred during the first year of operation. The detection frequency for this constituent has declined in
subsequent yearsto only afew percent (e.g., 2% or 1 detection in atotal of 48 samples analyzed during
the period from July 1998 to June 1999).

21
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Table2. Analytica Method and Detection Level Summary for Detected Constituents Analyzed for
TEDF Effluent Variability Study

Detection
Parameter Analytical Method Level
Volatile Organic Compound:
Carbon tetrachloride (mo/L) SW-846 8260A 0.7
Methylene chloride (no/L) SW-846 8260A 1.1
1,1,2-trichloroethane (ng/L) SW-846 8260A 0.6
Total trihalomethanes: (ng/L) SW-846 8260A 1.2
Bromoform (ng/L) SW-846 8260A 1.9
Bromodichloromethane (ng/L) SW-846 8260A 1.2
SW-846 8260A 0.9
Chloroform (ngy/L) SN-846 BIBOA .
Dibromochloromethane (ng/L) 16
Semivolatile Organic Compound:
Bis(2-ethylhexyl)phthal ate (ng/L) SW-846 8270B 3.5
Phenol (ng/L) SW-846 8270B 2
Total Metals:
Arsenic (ng/L) EPA-600 200.8 0.4
Cadmium (my/L) EPA-600 200.8 0.21
Chromium (hg/L) EPA-600 200.8 0.6
Lead (ny/L) EPA-600 200.8 0.21
Mercury (ng/L) EPA-600 200.8 0.2
SW-846 6010A 6.6
ron (ny/L) SW-846 6010A 5
Manganese (ng/L) )
Anions:
Chloride (ng/L) EPA-600 300.0 420
Nitrate (as N) (ng/L) EPA-600 300.0 20
Sulfate (ng/L) EPA-600 300.0 500
Other Analyses:
Cyanide (ng/L) EPA-600 335.3 5
WTPH-G (ng/L) WTPH-G (WA) 50
Oil and grease (ng/L) SW-846 9070 5,000
Total dissolved solids (ng/L) EPA-600 160.1 1,000
Gross alpha (pCi/L) Laboratory Specific 1.8
Gross beta (pCi/L) Laboratory Specific 1.8
Total radium, Radium-226 and Laboratory Specific 5
Radium-228 (pCi/L)
Radium-226 (pCi/L) Laboratory Specific 1
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Table3. Detection Frequency Summary® for the Constituents Analyzed for the TEDF Effluent

Variability Study
July through June
Year 1 Year 2 Year 3 Year 4 Total
Parameter (95 - 96) (96 - 97) (97 - 98) (98 - 99) (95-99)
Volatile Organic Compound®
Carbon tetrachloride 0/86 0/52 0/50 0/49 0/237
Methylene chloride 0/86 0/52 1/50 5/49 6/237
1,1,1-trichloroethane 0/86 0/52 0/50 0/49 0/237
Total trihalomethanes: 86/86 35/52 24/50 39/49 184/237
Bromoform 0/86 0/52 0/50 0/49 0/237
Bromodichloromethane 19/86 /52 0/50 9/49 28/237
Chloroform 86/86 36/52 26/50 45/49 193/237
Dibromochloromethane 0/86 0/52 0/50 0/49 0/237
Semivolatile Organic Compound
Bis(2-ethylhexyl)phthal ate
Grab Sample 15/87 0/1 15/88
Composite Samples 5/50 3/52 2/50 1/48 11/200
Phenol
Grab Sample 0/87 o/1 0/88
Composite Sample 0/50 0/52 0/50 0/48 0/200
Total Metals
Arsenic
Crab Sample 3/87 11 4/88
Composite Sample 4/51 17/52 44/50 46/48 111/201
Cadmium
Grab Sample 0/87 o/1 0/88
Composite Sample 1/51 5/52 5/50 8/48 19/201
Chromium
Grab Sample 8/87 11 9/88
Composite Sample 2/51 11/52 17/50 21/48 51/201
Lead
Grab Sample 1187 11 12/88
Composite Sample 9/51 30/52 22/50 38/48 99/201
Mercury
Grab Sample 21/87 0/1 21/88
Composite Sample 8/51 11/52 3/50 4/48 26/201
Iron
Grab Sample 87/87 11 88/88
Composite Sample 51/51 54/54 50/50 48/48 203/203
Manganese
Grab Sample 50/87 11 51/88
Composite Sample 23/51 15/54 12/50 26/48 76/203
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Table3. (contd)

July through June
Year 1 Year 2 Year 3 Year 4 Total
Parameter (95 - 96) (96 - 97) (97 - 98) (98 - 99) (95 - 99)
Anions
Chloride
Grab Sample 87/87 11 88/88
Composite Sample 49/50 52/52 50/50 48/48 199/200
Nitrate (asN)
Grab Sample 83/87 11 84/88
Composite 49/50 51/52 50/50 46/48 196/200
Sulfate
Grab Sample 87/87 11 88/88
Composite 50/50 52/52 50/50 48/48 200/200
Other Analyses
Cyanide® 9/50 7/52 0/50 0/49 16/201
WTPH-GP 4/12 112 0/12 0/13 5/49
Oil and grease
Grab Sample 21/32 1/12 0/12 1/13 23/69
Composite Sample 27/43 27/43
Total dissolved solids
Grab Sample 8/8 11 9/9
Composite Sample 12/12 45/45© 50/50 48/48 155/155
Gross Alpha
Grab Sample 51/64 23/52 13/50 25/49 112/215
Composite Sample 26/39 26/39
Gross Beta
Grab Sample 61/64 23/52 7/50 21/49 112/215
Composite Sample 36/39 36/39
Total radiun® 0/12 0/12 0/12 0/13 0/49
Radium 226 112 6/12 7/12 5/13 19/49

(@) Obtained from Table A-1 (Appendix A). Numbersin the table denote detection frequency, i.e., the number of
times an analyte is detected over the total number of analyses performed during the period (e.g., from July 1995
through June 1996) where “---" indicates analysisis not required by the permit.

(b) Grab samplesonly.

(c) Monthly composite samples, rather than weekly samples, were analyzed during July and August 1996.

Metals. Metaswere analyzed in both grab and composite samples during the first year. Based on
theinitial findings, composites were deemed adequate for subsequent monitoring purposes. The most
commonly detected metals were iron, manganese and lead. Also, the detection frequencies of arsenic,
chromium and lead have increased. As noted previoudly, this apparent increase in detection frequencies
is attributed to the use of lower detection limits associated with a change in analytical methods from
GFAA to ICP/MS. While arsenic, chromium and lead detection frequencies increased, the levels are

comparable to concentrations reported for Columbia River water (see Section 5.4).
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Anions. Chloride, nitrate, and sulfate are consistently detected because these common anions are
found in the makeup water (Columbia River water). Likewise, total dissolved solids are always detected.
Nitrate and most of the sulfate can be accounted for by river water whereas chloride is higher than
average river water due to contributor inputs (see river water comparison in Section 5.4).

Other analyses (cyanide, WTPH-G, oil, and grease). Moderately frequent detections of these
constituents occurred during the first and second year (1995-96, 1997) and not at all during the most
recent two years (1998 and 1999).

Gross alpha and gross beta. These radionuclide indicators were frequently detected over the 4-year
period athough less so during the most recent two years. The detections are in part due to naturally
occurring radionuclides present in Columbia River and due to occasiona inputs from contributors.

Radium-226. No detections of total radium (the sum of radium-226 and radium-228) and only
occasiona detections of radium-226 were reported for the 4-year period. The detection frequency of
radium-226 has increased during the last 3 years. Thisis attributed to the dramatic lowering of the
detection limit from 1 pCi/L to less than 0.05 pCi/L after year one. Even though the detection frequency
increased after year one, the maximum radium-226 concentration reported was only 0.14 pCi/L (sample
date, October 8, 1997). Thisis consistent with previoudy reported radium-226 concentrationsin
Columbia River water (Table 5a).
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3.0 Elevated Concentrations

Elevated concentrations of afew constituents exceeded either drinking water standards or, in only two
cases, the permit limits. The effluent quality enforcement limits are based on maximum composite
sample monthly averages for the analytes of interest. There are aso daily maximum alowable limits for
chloride and nitrate as well as a maximum monthly average limit for these two anions. The monthly
average concentrations of permit required analyte measurements over the four-year period are tabulated in
Table A-2 (Appendix A). It should be noted in calculating these averages that measurements below the
practica quantification levels (PQL) were not replaced by zero as required for the Discharge Monitoring
Report (DMR). Exceedances and elevated concentrations are discussed in the following section.

31 Iron

The iron measurements are made on unfiltered (digested) samples. Thus thistotal iron result includes
both dissolved iron and particulate iron. Maximum monthly average concentrations were exceeded twice
for total iron (~890 ppb for April 1996 and 526 ppb for January 1997 as compared to the enforcement
limit of 258 ppb) (Figure 2a). The random transient increases in total iron (Figure 2b) are attributed to
periodic flushing of rust particles from aging water and wastewater piping. Although high tota iron
concentrations and two exceedances occurred during the 4-year period, it is also noteworthy that the
magnitude of the excursions in total iron concentration appears to have attenuated markedly since initial
operation of TEDF (see Figure 28). The contributors attribute this improvement to increased diligence
and attention to operationa factors. However, the iron transient occurrences are expected to continue to
be a recurring issue as piping systems age. There are no plans to replace aging pipes to mitigate the
sporadic release of particulate iron (presumably rust particles).

3.2 GrossAlpha

The permit sets no limit for grossapha The highest monthly average gross a pha concentration of
24.4 pCi/L occurred in January 1999. (Note: It was reported as 23.5 pCi/L in the DMR because in calcu-
lating the averages and variability, values below the PQL are not replaced by zeros.) This occurrence was
attributed to breakthrough from an effluent treatment filter bed at the Plutonium Finishing Plant (PFP).

3.3 Chloride

In the 24-hour composite samples, the daily maximum concentration of chloride had no exceedances.
While not a permit limit exceedance, one grab sample did have a concentration higher than the permit
limit (Figure 33). Mogt of the chloride excursions or spikes were due to ion-exchange column regenera-
tion for the 200 Area Power House boilers. These sources have been eliminated and thus chloride
concentrations have been reduced. The latter change is readily evident in a plot of the weekly chloride
results over the 4-year period (see Figure 3a). Both the magnitude and frequency of concentration
excursions have declined signif icantly since mid-1998 (Figures 3aand 3b).
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Figure 2b. TEDF Effluent Variability - Iron Grab and Composite Sample Results

3.4 Filtered versus Unfiltered Metals

The periodic iron spikes are most likely due to a particulate phase which isinsoluble at pH 2 (acidity
of preserved sample). For example, based on both filtered and unfiltered results for composite samples
collected on April 7, 1996, and January 1, 1997 (dates when total or unfiltered iron was 3,100 and
1,780 ny/L, respectively), nearly all (>97%) of the iron was particulate (iron that passed through an
0.45 micron filter was 101 and 36 ng/L, respectively). The particulates in the unfiltered samples had to
be “digested” in strong acid prior to analysis for total iron. Rust particles from old distribution lines that
are periodically flushed are suspected to be the primary source for the particulate iron.
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40 Trends

Time series trend plots of detected congtituents are included in Appendix B. These plots indicate
three genera patterns:

- cyclic or seasona variations
random spike occurrences
- continuous or non-varying concentrations.

41 Seasonal Variation

Total trihalomethane and chloroform exhibit concentration maxima during the spring and summer
months. This trend was noted in the initia effluent variability report (Chou and Johnson 1996). The
cause was attributed to treatment of raw water from the Columbia River with chlorine in the water
treatment plant. The chlorine reacts with natural dissolved organic matter in the river water to produce
chloroform as a byproduct of the chlorination process. During the spring and summer dissolved organic
meatter typically increases along with increased phytoplankton densities. This produces increased
amounts of chloroform. As noted in Chou and Johnson (1996), chloroform production is well known in
municipal drinking water supplies where the raw water is drawn from lakes or rivers. It is noteworthy
that higher concentrations of chloroform occur in drinking water supplies (nationally as well as at
Hanford) than were observed in the TEDF effluent.

Nitrate also seems to exhibit a seasonal trend. For example, concentrations appear to be lower in
summer and fall. The decrease in nitrate could be related to increased phytoplankton production (i.e.,
depletion of nitrate due to increased phytoplankton growth), as suggested in Chou and Johnson (1996).

4.2 Random Spikes

Iron, manganese, and lead exhibit random concentration spikes that seem to occur at the same time.
Arsenic also exhibits random concentration spikes, but these do not coincide with iron, manganese and
lead. Chromium exhibits a random spike pattern that does not seem to coincide with any of the other
metals. As previoudy noted (Chou and Johnson 1996), the iron excursions probably occur as primarily
particul ate phases (rust particles). It isnot known if the other metals that seem to coincide with iron
spikes (e.g., manganese and lead) are also primarily particulate in nature.

Chloride aso exhibits random spike occurrences. This feature was previoudy noted in the initial
variability study (Chou and Johnson 1996) and was attributed to regeneration of water softener resin
columns. However, the total amount of chloride discharged decreased considerably after mid-1998 (see
Figures 3a and 3b) because the aging 200 Areas power plants were shut down and replaced with five
high-efficiency “package’ boilers. Thus chloride concentrationsin TEDF effluent should be greatly
diminished in the future.
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Also, beginning in late 1997, the effluent flow rate shifted from a somewhat steady rate to more or
less random fluctuations that approach or exceed 3,000 gpm for afew days or aweek or two in duration
for each event (Figure 4). These occurrences do nhot seem to coincide with either random increasesin
average metal or chloride concentrations discussed above. The dramatic change in effluent flow rate
reflects operation of the 242-A Evaporator for short campaigns. Thiswill be a common operational event
for years into the future as Hanford Site cleanup continues. The primary effect of the periodic high-flow
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periods will be to produce an effluent that is essentially Columbia River water (i.e., condenser cooling
water consisting of untreated Columbia River water from the 242-A Evaporator).

4.3 Steady or Stable Concentrations

Except for a short-term spike in gross betain 1995, and one for gross apha (which included some
gross beta) in 1999, these two indicators exhibit relatively constant concentrations over time (see
Appendix B) and are both similar to (but dightly higher) than gross alpha and gross beta concentrations
reported for Columbia River water (see Section 5.4).

The average concentration of sulfate is somewhat higher than reported for the Columbia River (1998
annual average of ~9 mg/L in river water versus 16 mg/L in effluent, see Section 5.4). There does not
seem to be a significant contribution of sulfate from operations over the 4-year period, athough
concentrations did reach as high as 25 mg/L in April 1999 and then declined. The small addition of
sulfate is due to the use of sulfuric acid to neutralize wastewater from 222-S prior to discharge.
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50 Summary of Statistical Results

A complete listing of results from the statistical evaluation and updates are provided in Appendix A
and B. Statistical methods used are described in detail in the effluent variability study report (Chou and
Johnson 1996). A summary of the salient features and findings of the statistical evaluation follows.

51 Standard Summary Statistics

The mean, standard deviation, 95% upper confidence limit (UCL) on mean concentration and 95%
upper tolerance limit for detected analytes are provided (by season and by year) in the Appendix A
(Table A-3). Thevariability is expressed as the coefficient of variation (CV) by season over the 4-year
period is summarized in Table 4.

Chloride and iron have the largest variahility of the detected analytes, as noted in the initia variability
study. The high iron variability is attributed to random occurrences of particulate iron flushed from rust-
ing cast iron pipe. The high chloride variability is due to the random disposa of ion exchange column
regenerant. These transients were significantly reduced with closure of the 200 Area power plant
facilities.

Sulfate exhibits the lowest CV. Except for two short-term releases previoudly discussed, gross beta
and gross alpha exhibit relatively low variability.

5.2 Box and Whisker Plots

Box and whisker plots (Appendix B) of all detected analyte data for the 4-year period, segregated by
season, provide a graphical indication of possible seasona influences. Table 4 aso provides a numerical
summary of the same information.

Chloroform, nitrate and iron appear to vary seasonally. Chloroform concentration is highest in spring
and summer (nitrate is highest in spring and winter), as previoudly discussed, and iron is highest in winter
and spring. Gross alpha aso appears to have a dight seasonal component with highest concentrations
occurring in the spring and summer. No cause and effect relationship for the latter is evident at this time.

5.3 Exceedance Probability

The probability of exceeding a permit limit under normal operating conditions was calculated for
each detected congtituent. Results indicate there is avery low probability of exceeding any of the permit
limits for the detected constituents of interest (see Table A-4, Appendix A). Except for iron, the exceed-

ance probabilities were all less than one in one million. Iron had an exceedance probability of four in one
thousand.
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Table4. Seasona Effect and Variability Summary (July 1995 through June 1999) for TEDF Detected

Condtituents
Season
Parameter Summer® Fall® Winter® Spring@ Overal|®
Volatile Organic Compounds. Grab Sample Results
Total trihalomethanes
Number of samples 38 35 48 67 178
Mean (ppb) 5.9 2.6 2.4 4.6 4.0
CV (%) 67 75 2 82 79
Chloroform
Number of samples 70 33 67 67 237
Mean (ppb) 8.1 3.8 31 4.5 5.1
CV (%) 54 75 76 86 73
Total Metals: Composite Sample Results
Iron®
Number of samples 51 A 51 65 201
Mean (ppb) 96.3 835 110.0 137.1 110.8
CV (%) 102 89 71 7 85
Manganese”
Number of samples 51 A 51 65 201
Mean (ppb) 6.4 6.1 5.8 7.1 6.4
CV (%) 71 7 44 111 76
Arsenic®
Number of samples 33 25 33 49 150
Mean (ppb) 15 0.8 0.7 0.7 0.9
CV (%) 89 45 80 62 69
Anions: Composite Sample Results
Chloride
Number of samples 49 A 50 66 199
Mean (ppm) 6.0 9.8 6.6 6.6 7.0
CV (%) 103 160 201 144 152
Nitrate (as N)
Number of samples 50 A 50 66 200
Mean (ppb) 167.6 147.9 178.0 201.4 178.1
CV (%) 62 44 29 47 46
Sulfate
Number of samples 50 A 50 66 200
Mean (ppm) 13.6 135 131 17.9 14.9
CV (%) 27 27 44 46 36
Other Analyses: Composite Sample Results
Total Dissolved Solids
Number of samples A 27 41 53 155
Mean (ppm) 80.9 85.2 783 90.5 84.2
CV (%) 31 25 44 30 3
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Table4. (contd)

Season
Parameter Summer® Fall® Winter®© Spring@ Overal®
Other Analyses: Composite Sample Results
Total Dissolved Solids
Number of samples A 27 41 53 155
Mean (ppm) 80.9 85.2 783 90.5 84.2
CV (%) 31 25 44 30 33
Radionuclides: Grab Sample Results
Gross Al pha(h)
Number of samples a7 3 63 67 210
Mean (pCi/L) 134 1.06 0.84 2.05 137
CV (%) 68 79 58 127 83
Gross Betal
Number of samples 38 31 68 57 194
Mean (ppb) 1.30 158 1.38 154 1.45
CV (%) 40 67 85 54 62

(@) Summer = July, August, and September of 1995, 1996, 1997, and 1998.
(b) Fall = October and November of 1995, 1996, 1997, and 1998.
(c) Winter = December, January, and February of 1995, 1996, 1997, and 1998.
(d) Spring = March, April, May, and June of 1996, 1997, 1998, and 1999.

(e) Overal = July 1995 through June 1999.
(f) Excluded data associated with iron excursions (April 7, 1996 and January 12, 1997).
(g) Dataprior to July 1, 1996 were not used (mostly not detected).

(h) Excluded data collected between January 12, 1999 and February 17, 1999 due to PFP release.

(i) Excluded data collected prior to October 23, 1995 due to PUREX release.

54 Comparison of Effluent with River Water

The mean +2 times the standard error of the mean of available constituents of interest in Columbia

River water below Priest Rapids Dam and at the Richland pump house were compared with effluent data
for calendar year (CY) 1998 (Tables 5aand 5b). The river water data were collected quarterly in connec-
tion with the Hanford Site Environmental Surveillance Program. Datafor CY 1998 were selected for the
primary comparison because analytical detection limits used for effluent and river water were the most
comparable for most constituents during 1998. An important difference, however, is that gross alphaand
gross beta detection limits were the most comparable for the earlier years (gross alpha and beta detection
limits for effluent measurements increased in 1998 and 1999). Therefore, a comparison of radiological
data for the years prior to 1998 is provided in Table 5c.

Tables 5a and 5b illustrate that concentrations of congtituents of interest in river water account for
most of the observed concentrations of these constituentsin effluent. For example, natural levelsin river
water account for nearly all of the arsenic, nitrate, chromium, radium-226, uranium, gross alpha and gross
betain effluent. Deviations from this generdization are discussed as follows.
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Table5a. Concentrations of Sdected Radionuclide Concentrations Measured in Columbia River
Water Compared to Concentrations Measured in the 200 Area TEDF Effluent

Calendar Y ear 1998
Number of
Parameter Samples Maximum Average®

Gross Alpha (pCi/L)

Columbia River Water at Priest Rapid Dam® 12 1.6 0.49+ 0.26

Columbia River Water at Richland Pumphouséb) 12 0.86 0.47+0.12

200 Area TEDF Effluent 48 4.8 142+ 0.24
Gross Beta (pCi/L)

Columbia River Water at Priest Rapid Dam® 12 2.3 1.1+0.36

Columbia River Water at Richland Pumphousé® 12 2.2 0.68+ 0.50

200 Area TEDF Effluent 48 3.6 145+ 0.14
Total Uranium (pCi/L)

Columbia River Water at Priest Rapid Dam® 12 0.71 0.48 + 0.056

Columbia River Water at Richland Pumphousé® 2 0.68 0.53+ 0.040

200 Area TEDF Effluent© 48 0.41 0.24 + 0.025
Radium-226 (pCi/L)

Columbia River Water at Upstream of 300 Area TEDF® 1 <0.05 <0.05

Columbia River Water at Downstream of 300 Area TEDF? 1 <0.01 <0.01

200 Area TEDF Effluent 12 0.11 0.06 + 0.016
Radium-228 (pCi/L)

Columbia River Water at Upstream of 300 Area TEDF? 1 ND ND

ColumbiaRiver Water at Downstream of 300 Area TEDF? 1 ND ND

200 Area TEDF Effluent 12 ND ND

(@) Averages are reported as mean concentration + 2 standard error of the calculated mean.

(b) Obtained from Hanford Site Environmental Report for Calendar Y ear 1998 (Dirkes et al. 1999).

(c) Convertedfrom ng/L to pCi/L by multiplying values reported by 0.68 pCi/ng (40 CFR 141, Val. 56, No. 138,
July 18, 1991, page 33068).

(d) Obtained from the 300 Area Treated Effluent Disposal Facility, Department of Natural Resources Land Lease
Monitoring Report - September 1998 (WMH 1998).

Gross dphaand gross betafor CY 1998 (see Table 53) appear to be dightly higher in effluent than in
Columbia River water. However, for prior years there is no statistical difference between the mean values
in effluent and river water (see Table 5¢). The apparent higher effluent values for 1998 (see Table 5a) are
an artifact of the higher detection limits used in 1998 for the effluent measurements. The mean of
cadmium and lead was higher in effluent than in river water (see Table 5b). Thisis believed to be a result
of higher detection limits for effluent (e.g., 0.01 ng/L for river water and 0.2 ng/L for effluent). The
effluent detection limit for lead was higher for effluent than for river water (0.21 ng/L versus 0.01 ng/L),
which contributed to the mean being higher for effluent than for the Columbia River water.
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Table5b. Concentrations of Sdected Chemical Constituent Concentrations Measured in Columbia River
Water Compared to Concentrations Measured in the 200 Area TEDF Effluent

Calendar Year 1998
Number of
Parameter Samples Maximum Average®

Chloride (ppm)

Columbia River Water at Priest Rapid Dam® 15 1.09 0.925+ 0.052

Columbia River Water at Richland Pumphousé® 40 2.06 1.053 + 0.098

200 Area TEDF Effluent (all CY 1998 data) 48 66.48 6.389 + 3.041

200 Area TEDF Effluent (spikes removed)© 44 7.11© 3.965 + 0.489°
Nitrate (as N) (ppm)

ColumbiaRiver Water at Priest Rapid Dam® 15 0.161 0.096 + 0.026

Columbia River Water at Richland Pumphouse” 40 0.494 0.124 + 0.032

200 Area TEDF Effluent 48 0.443 0.177 + 0.024
Sulfate (ppm)

Columbia River Water at Priest Rapid Dam® 15 10.3 8.67 + 0.63

Columbia River Water at Richland Pumphousé® 40 132 9.13+ 0.48

200 Area TEDF Effluent 48 22.89 15.84 + 1.24
Total Arsenic (ppb)

Columbia River Water at Priest Rapid Dam® 17 0.96 0.709 + 0.077

Columbia River Water at Richland Pumphousé” a2 1.102 0.721 + 0.044

200 Area TEDF Effluent 48 591 1.029 + 0.252
Total Cadmium (ppb)

Columbia River Water at Priest Rapid Dam® 17 0.0698 0.027 + 0.008

Columbia River Water at Richland Pumphousé® 42 0.0591 0.027 + 0.004

200 Area TEDF Effluent’ 48 0.61 0.208 + 0.020
Total Chromium (ppb)

Columbia River Water at Priest Rapid Dam® 17 8.112 0.838 + 0.926

Columbia River Water at Richland Pumphousé” a2 1.016 0.324 + 0.068

200 Area TEDF Effluent 48 24 0.976 + 0.113
Total Lead (ppb)

Columbia River Water at Priest Rapid Dam® 17 0.1672 0.100 + 0.018

Columbia River Water at Richland Pumphousé® 42 0.2355 0.132 + 0.015

200 Area TEDF Effluent 48 34 0.542 + 0.170
Total Iron (ppb)

Columbia River Water at Priest Rapids Dan{® 10 24 <10

Columbia River Water at Richland Pumphouse? 4 <10 <10

200 Area TEDF Effluent 48 590 139+ 34

200 Area TEDF Effluent (spikes removed)®© 46© 3139 122 + 250

(@) Averages are reported as mean concentration +2 standard error of the calculated mean.

(b) Obtained from Hanford Site Environmental Report for Calendar Y ear 1998 (Dirkes et al. 1999).

(c) Remove unrepresentative random spikes (chloride concentration >10 ppm).

(d) Obtained from Hanford Site Environmental Report for Calendar Y ear 1998 (Dirkes et al. 1999) based on USGS
data (Table A.4).

(e) Remove unrepresentative random spikes (iron concentration >320 ppb).

(f) 42 samples analyzed during CY 1998 were non-detects.
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Table5c. Concentrations of Gross Alpha and Gross Beta Concentrations Measured in Columbia River
Water Compared to Concentrations Measured in the 200 Area TEDF Effluent for Calendar

Years 1995 to 1997
Number of
Parameter Samples Maximum Average®
Calendar Year 1995
Gross Alpha (pCi/L)
Columbia River Water at Priest Rapid Dam® 12 0.800 0.346 + 0.158
Columbia River Water at Richland Pumphousé® 4 1.49 105+ 0.30
200 Area TEDF Effluent (grab and composite combined) 12 2.9 072+ 0.18
Gross Beta (pCi/L)
Columbia River Water at Priest Rapid Dam® 12 3.36 146+ 0.42
Columbia River Water a )Richland Pumphouse” 4 363 1.95+ 1.42
o ) )
200 Area TEDF Effluent™ (grab and composite combined) 26 210 0.85+ 0.15
Calendar Year 1996
Gross Alpha (pCi/L)
Columbia River Water at Priest Rapid Dam® 13 1.1 0.38+0.21
Columbia River Water at Richland Pumphouséd) 13 1.7 0.43+0.24
200 Area TEDF Effluent (grab and composite combined) 83 4.6 0.86+ 0.14
Gross Beta (pCi/L)
Columbia River Water at Priest Rapid Dam® 13 3.0 0.99 + 0.47
Columbia River Water at Richland Pumphousé? 13 2.8 1.1+ 0.49
200 Area TEDF Effluent (grab and composite combined) 88 3.4 1.23+ 0.16
Calendar Year 1997
Gross Alpha (pCi/L)
ColumbiaRiver Water at Priest Rapid Dam® 12 0.82 0.35+ 0.076
Columbia River Water at Richland Pumphous€e® 12 2.2 0.58+ 0.16
200 Area TEDF Effluent (grab only) 51 2.8 1.33+0.12
Gross Beta (pCi/L)
ColumbiaRiver Water at Priest Rapid Dam® 12 3.2 0.36+ 0.40
Columbia River Water at Richland Pumphousé® 12 2.6 1.2+0.21
200 Area TEDF Effluent (grab only) 51 5.3 165+ 027

(@) Averages are reported as mean concentration +2 standard error of the cal culated mean.
(b) Obtained from Hanford Site 1995 Environmental Report (Dirkes and Hanf 1996).

(c) Excluded excursions fromPUREX release (i.e., prior to October 23, 1995 data were removed).

(d) Obtained from Hanford Site 1996 Environmental Report (Dirkes and Hanf 1997).
(e) Obtained from Hanford Site 1997 Environmental Report (Dirkes and Hanf 1998).
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Chloride and iron are higher in effluent than in Columbia River water for reasons previoudly
discussed. The chloride concentration in effluent should approach the natural level in river water in the
future. Iron spikes appear to be declining aswell. It is also noteworthy that the maximum nitrate
concentration observed for Columbia River water (0.49 mg/L) is close to the permit limit, suggesting that
the permit limit should be raised.

In summary, the comparisons shown in Tables 5a and b indicate the current TEDF effluent is very

similar to Columbia River water with alittle added chloroform from the chlorinating process and some
added chloride and iron (primarily particulate).
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6.0 Justification for Permit Modification

The low detection frequency for several permit constituents, the small number of actua permit limit
exceedances (i.e., two iron exceedances over the 4-year period) and low exceedance probabilities for
detected constituents indicate that a significant reduction in the number and/or type of routine measure-
ments can be made with no risk to the environment. The approach or strategy relies on (1) the use of
gross alpha and gross beta in lieu of isotope specific analyses, (2) eimination of analytes with a history of
non-detects, and (3) reduction in frequency of sampling where appropriate. The rationae for modifying
the permit requirements by eliminating selected analytes and changing sampling frequenciesis as follows.

6.1 Analyte Deletions

6.1.1 Radioisotopes

Gross alpha (and gross beta) measurements can account for the total radionuclide content of a sample.
These totd activity measurements can thus be used in lieu of routine isotopic analyses until an appropriate
threshold level is exceeded.

The monitoring results for total radium (radium-226 + radium-228) and radium-226 for the 4-year
period indicate that both were consistently less than 5 pCi/L and 1 pCi/L, respectively. (The detection
limit for radium-226 is lower than for total radium.) The observed radium-226 in effluent is attributed to
natural background sources that contribute to Columbia River water (see Table 5a) from upstream (e.g.,
uranium mining activities in the Spokane area). For the foregoing reasons, there is little to be gained by
continuing routine total radium or radium-226 measurements. Aslong as gross alpha measurements are
made, these i sotope specific measurements can be eliminated from further routine monitoring.

The primary beta emitting radionuclides of concern are the moderately long-lived fission products,
cesum-137 and strontium-90. The gross beta method can easily detect both of these radionuclides. The
gross beta method is especially responsive for strontium-90 because two beta emissions occur for each
strontium-90 disintegration. Thus gross beta activity or concentration should be double the strontium-90
concentration.

The mean gross beta for Columbia River water (CY 1998) is about 1 pCi/L (see Table 53). Aswith
the gross apha, the gross beta of the effluent stream is very low, similar to the low natural background of
Columbia River water (see Table 53). The overall mean of the effluent data over 4-yearsis 1.45 pCi/L
(see Table 4). Thisoveral mean value includes a few elevated gross beta va ues due to strontium-90 that
occurred during the 4-year period. The consistently low values, other than these short-term excursions,
can be seen in the time series plots (Appendix B). The low and consistent background concentration
indicates that gross beta should be a good indicator of any beta emitting radionuclides added to the waste
stream at concentrations of regulatory concern. Thus strontium-90 and cesium- 137 (gamma energy
analysis) can be eliminated from the routine monitoring list.
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6.1.2 WTPH-G/Oil and Grease

Petroleum products (hydrocarbons) are detected with the WTPH-G determination (light fraction or
gasoline only). There were only 1 and 2 detected measurements out of atotal of 37 analyses for
WTPH-G and oil and grease, respectively, after June 1996 (see Table 3). The oil and grease method,
which also involves a group determination of carbon compounds, was designed for biological lipids and
mineral oils (APHA 1985, p. 496). These constituents are not likely to originate in Hanford facilities.
Thus the oil and grease, as well asthe WTPH-G analysis, can be removed from the analyte list.

6.1.3 Semivolatile Organic Analytes (Semi-VOA)

The semi-VOA group, phenol and bis(2-ethylhexyl) phthalate, can likewise be eliminated. Phenol
was not detected in any of the samples analyzed during the study and bis(2-ethylhexyl)phthal ate was
detected only in 11 out of 200 composite sampling events in the 4-year period (see Table 3).
Bis(2-ethylhexyl)phthalate is also ubiquitous (industrially) in plastics and is not associated with any
past or current process or activity at Hanford.

6.1.4 Volatile Organic Analytes (VOAS)

Except for afew detections (6 out of atotal 237 analyses or <3% for methylene chloride, acommon
laboratory contaminant), the only VOAS consistently detected in the TEDF wastestream are the
trihalomethanes. As previoudly noted, these compounds, especially chloroform, are associated with the
chlorination of raw water. The concentrations in TEDF discharges are lower than the national median
concentrations for drinking water supplies. Thus detailed VOA analyses can also be deleted from routine
monitoring because the source of the only significant detections (chloroform) is identified as acommon
disinfectant process (chlorination) used to sanitize potable water supplies. The resulting concentrations
are a levels that poses no threat to groundwater.

6.1.5 Cyanide

Cyanide was detected in only 16 out of atotal of 201 samples analyzed (see Table 3). The highest
observed concentration was 27.2 ppb on May 12, 1997. This maximum value is only about haf of the
early warning value in effluent (50 ppb). It is aso noteworthy that cyanide has not been detected since
July 1997. Also, cyanide does not occur in any waste stream linked to TEDF. The only cyanide at
Hanford is stored in single-shell tanks. However, the cyanide-containing waste from these tanks follows
an entirely separate pathway, which is isolated from the TEDF waste streams. For the above reasons,
cyanide can be diminated from further routine monitoring.
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6.2 Sampling Frequency and Type
6.2.1 Frequency

Results of the statistical evaluation indicated that an adequate effluent monitoring program could be
achieved with fewer sampling events for the following reasons:

- adggnificant decline in the number and magnitude of spike concentrations of constituents that
previoudy approached or exceeded permit limits (e.g., iron)

- elimination of the 200 Areas power plants as waste stream contributors of chloride and iron

- abi-weekly sampling frequency at the PFP wastewater treatment plant (self monitoring), the most
significant remaining contributor source

- dtatistical evaluation results (e.g., variability and exceedance probabilities) for the routine sampling
phase (Appendix A and B) versus the more intensive sampling during the initial variability study (i.e.,
July 1995 through June 1996; Chou and Johnson 1996) are comparable. This suggests the less
frequent sampling regime provided adequate temporal coverage.

The TEDF effluent monitoring program should now be viewed as an audit or periodic check on the
efficacy of the contributor’s effluent monitoring and control procedures. The audit function can therefore
be accomplished with less frequent sample collections. Also, the origina permit specified monthly rather
than weekly grab sampling. Monthly is now deemed appropriate based on the 4-year period of observa-
tion and for the other reasons noted above.

6.2.2 SampleType

Monthly results could be averaged over a quarter and the enforcement limits set on that basis rather
than monthly averages of weekly grab samples or composite samples. The statistical evaluation also
indicates there is little difference in observed (detected) analyte concentrations between a grab sample and
a 24-hour composite sample. Thus a simple grab sample should provide the same temporal coverage as a
composite run for only 24 hours where the objective is an overall monthly or quarterly average value.
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7.0 Conclusionsand Recommendations

Based on the updated statistical evaluation of effluent monitoring data for June 1995 through June
1999, it is concluded that the probability of exceeding permit limits under normal operating conditionsis
less than one in amillion for al permitted constituents other than iron. The probability for the latter is
four in one thousand. Except for iron (and two short-term releases of apha and beta emitters), the current
effluent is similar in composition to local drinking water (i.e., chlorinated Columbia River water).

Results of the present study support the genera findings and conclusions of the initia variability study
(Chou and Johnson 1996).

Asaresult of the 4-year period of effluent monitoring and data evaluation, the TEDF effluent compo-
sition and variability of the effluent waste stream is now well defined. Accordingly, arevised or updated
monitoring program that is specifically tailored to Hanford, and with fewer routine measurements, is
deemed justified and appropriate.

Findings from the updated statistical evauation of effluent monitoring data for TEDF lead to the
following recommendations for a more efficient effluent monitoring program:

Use gross alpha and gross beta in lieu of specific isotopic analyses (radium, cesum-137, and
strontium-90) for routine monitoring. If the drinking water standards for gross alpha (15 pCi/L) or
gross beta (50 pCi/L) are exceeded, then isotope specific measurements and an investigation of the
exceedance can be conducted. Sufficient sample volume should be collected and archived to alow a
later rerun if the gross count standards are exceeded.

Eliminate unnecessary measurements. For example, VOAS, phenols and bis(2-ethylhexyl)phthal ate,
WTPH-G, ail and grease, and cyanide have been essentialy undetected and are also unlikely based on
process knowledge. Also, chloroform, the only VOA with significant or consistent detections, is a
byproduct of a common water trestment process used in drinking water systems.

Revise the nitrate limit to be consistent with groundwater protection standards (i.e., drinking water
standard of 10 mg/L as nitrogen). The existing standard is too close to the background concentrations
of nitrate in Columbia River water from agricultura activities.

Use aroughing pre-filter or fine mesh screen to remove large particul ates from the effluent samples
collected for metal analyses. Rust particles are an inevitable consequence of the aging piping system.
However, it isthe colloida and solute fractions that are of importance for groundwater protection
purposes and not the flakes or rust particles that can be filtered out by the soil column. Thusit is not
gppropriate to include the large particlesin the analysis of total iron (or other metas) by dissolving
the large particulates for a“total” analysis. A more redistic effluent water sample is one that has
been passed through a pre-filter or fine mesh screen prior to acidification and analysis. This modifi-
cation in the sample collection procedure will more closely assess the potential impact on ground-
water quality than the current procedure (digestion or dissolution of al particulates).
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Eliminate the 24-hour composite and use only monthly grab samples to calculate a quarterly average
for permit compliance purposes.

- Add low level tritium (once per year) as an effluent tracer to detect the presence of effluent in the
TEDF groundwater monitoring network wells (additional details are discussed in the groundwater

monitoring plan for TEDF).

The recommended modifications noted above are shown in Table 6a together with the current
program and the original permit-specified conditions. Table 6b summarizes the detection frequencies,
variability and exceedance probabilities.

Implementation of the proposed changes (see Table 6a) will result in a more site-specific monitoring
program and will improve the overall efficiency and cost effectiveness of TEDF monitoring activities.
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Table 6a. Current and Proposed Effluent Monitoring Plan for the 200 Area TEDF

Permit Current Sampling Proposed Effluent
Parameter Requirement Program Monitoring Plan
Volatile Organic Compounds

Carbon tetrachloride
Methylene chloride
1,1,1,-Trichloroethane
Total trihalomethanes Grab 4/month Grab 4/month Eliminate

Bromoform

Bromodichloromethane

Chloroform

Dibromochloromethane

Semivolatile Organic Compounds
Bis(2-ethylhexyl)phthalate Composite 4/month | Composite 4/month Eliminate
Phenol
Metals
Arsenic
Cadmium Unfiltered, Unfiltered, Filtered,
Chromium Composite 4/month | Composite 4/month Grab 1/month
Lead
Mercury
Iron Unfiltered, Unfiltered, Filtered,
Manganese Composite 1/month | Composite 4/month Grab 1/month
Anions
Chloride
Nitrate Composite 1/month | Composite 4/month Grab 1/month
Sulfate
Other Analyses
Cyanide Grab 4/month Grab 4/month Eliminate
WTPH-G Grab 1/month Grab 1/month Eliminate
Oil and grease Grab 1/month Grab 1/month Eliminate
Total dissolved solids Composite 1/month | Composite 4/month Grab 1/month
Other Analyses
Gross a pha Grab 1/month Grab 4/month Grab 1/month
Gross beta Grab 1/month Grab 4/month Grab 1/month
Total radium (Radium226 and Radium228) Grab 1/month Grab 1/month Eliminate
Radium — 226 Grab 1/month Grab 1/month Eliminate
Tritium (Low-level) Not required Grab l/year
In-Line Monitoring

Flow
Specific conductivity Continuous Continuous Continuous
pH
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Appendix A

Statistical Data Tables

This appendix contains the results of statistical computations performed on the raw effluent monitoring
data collected from July 1995 through June 1999. A description of statistical methods used and definitions
of termsis available in the precursor to this report (Chou and Johnson 1996).

The statistical data tables contained herein are updated versions of tables presented in the initial vari-
ability study report (Chou and Johnson 1996) and are designed to be stand-alone tables. For example,
footnotes are provided at either the bottom of the page or at the end of each table and provide additiona
clarification or references to other sources and explain how anomalous data were handled. The monthly
average concentrations of permit required analyte measurements over the 4-year period are tabulated in
Table A-2. It should be noted in calculating these averages that measurements below the practical
quantification levels were not replaced by zero as required for the Discharge Monitoring Report.

The data are arranged by year, sample type (grab versus composite) and by season (Fall, Winter, Spring
or Summer). Thisformat is a continuation of the format used for the variability study report referenced
above. The origina intent was to identify variations that might be attributable to either sample type or
season of theyear. Theindividual years are shown separately since changes in analytical methods and
operations that occurred during the 4-year period of data collection could influence the observed variability.

It should aso be noted that both grab and 24-hour composites were collected and a more intensive
sampling frequency was performed only during the first year for the effluent variability study. Thereafter
sampling no longer included the samples and analytes required solely for the variability study. After June
1995 only routine monitoring to demonstrate compliance with the discharge limits was required. Accord-
ingly, only one sample type was collected, depending on the analyte group involved. For example, grab
samples are no longer collected for metals and anions.
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Table A-4. Probability of Exceeding Average Monthly Concentration for TEDF Detected Constituents
Under Norma Operating Conditions

Parameter Summer Fall Winter Spring Overall
Chloroform: Grab Sample Results (ppb)
Permit limit® 66 66 66 66 66
Number of Observations 12 8 12 16 48
Average 7.1 3.75 257 454 4.56
Standard Deviation 3.87 2.67 2.02 325 341
Minimum 0.95 0.9 0 1.05 0
Maximum 14 8.25 5.6 125 14
Exceedance Probability® @o @o @o @o @o
Total Trihalomethanes: Grab Sample Results (ppb)
Permit limit 66 66 66 66 66
Number of Observations 9 6 10 16 41
Average 5.93 258 224 4.66 4,05
Standard Deviation 343 156 194 3.18 3.06
Minimum 0.95 0.9 0 154 0
Maximum 13 455 5.4 125 13
Exceedance Probability® @o @o @o @o @o
Iron: Composite Sample Results (ppb)
Permit limit 258 258 258 258 258
Number of Observations 12 8 12 16 48
Average 95.9 83.21 1124 137.51 111.78
Standard Deviation 66.76 50.5 43.85 48.24 55.18
Minimum 25.6 33.75 41.8 705 25.6
Maximum 224.68 194.25 205 254 254
Exceedance Probability 0.0076 0.0003 0.0004 0.0063 0.004
Manganesd?: Composite Sample Results (ppb)
Permit limit 50 50 50 50 50
Number of Observations 12 8 12 16 48
Average 6.4 6.06 5.74 7.18 6.44
Standard Deviation 2.44 2.25 1.39 4.86 3.24
Minimum 4 4 455 4.4 4
Maximum 11.58 11 9.26 239 239
Exceedance Probability® @o @o @o @o @o
Arsenic®: Composite Sample Results (ppb)

Permit limit 15 15 15 15 15
Number of Observations 9 6 9 15 39
Average 144 0.77 0.72 0.81 0.93
Standard Deviation 1.00 0.19 0.27 0.34 0.60
Minimum 0.56 0.43 0.4 0.4 04
Maximum 3.63 1 123 15 3.63
Exceedance Probability® @o @o @o @o @o
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TableA-4. (contd)

Parameter Summer Fall Winter Spring Overall
Lead®: Composite Sample Results (ppb)
Permit limit® 10 10 10 10 10
Number of Observations 9 6 9 15 39
Average 0.61 0.36 0.45 0.66 0.56
Standard Deviation 0.36 0.20 0.25 0.49 0.39
Minimum 0.2 0.2 0.23 0.2 0.2
Maximum 135 0.74 1.03 1.88 1.88
Exceedance Probability® @o @o @o @o @o
Chloride: Composite Sample Results (ppm)
Permit limit 58 58 58 58 58
Number of Observations 12 8 12 16 48
Average 5.95 9.42 6.44 6.55 6.85
Standard Deviation 3.85 10.12 512 5.30 594
Minimum 2.07 153 1.46 2.06 1.46
Maximum 14.96 28.93 18.75 21.69 28.93
Exceedance Probability® @o 0.000001 @o @o @o
Nitrate (asN): Composite Sample Results (ppb)
Permit limit 620 620 620 620 620
Number of Observations 12 8 12 16 48
Average 165.78 146.38 178.8 201.2 177.61
Standard Deviation 76.56 44,54 26.58 76.62 64.01
Minimum 57 93 140 105.5 57
Maximum 322.8 242.4 236 392.5 3925
Exceedance Probability® @o @o @o @o @o
Sulfate®: Composite Sample Results (ppm)
Drinking Water Standard® 250 250 250 250 250
Number of Observations 12 8 12 16 48
Average 13.61 13.56 13.18 17.46 14.78
Standard Deviation 2,57 3.82 5.50 5.43 4.89
Minimum 9.24 8.98 8.63 11.32 8.63
Maximum 18.17 20.48 23.55 25.49 25.49
Exceedance Probability® @o @o @o @o @o
Total Dissolved Solids: Composite Sample Results (ppb)

Permit limit® 250 250 250 250 250
Number of Observations 12 8 12 16 48
Average 80.95 90.88 77.01 93.29 85.73
Standard Deviation 20.67 17.61 20.34 19.43 20.32
Minimum 38 64 49.8 64.2 33
Maximum 115 125 131.5 127 131.5
Exceedance Probability® @o @o @o @o @o
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Table A-4.(contd)

Parameter Summer Fall Winter Spring Overall
GrossAlpha?: Grab Sample Results (pCi/L)
Drinking Water Standard® 15 15 15 15 15
Number of Observations 12 8 12 16 43
Average 122 1.07 1.28 2.09 1.50
Standard Deviation 0.62 0.57 0.98 1.99 134
Minimum 0.34 0.26 0.37 0.94 0.26
M aximum 253 1.98 4.07 745 745
Exceedance Probability® @o @o @o @o @o
GrossBeta™: Grab Sample Results (pCi/L)
Drinking Water Standard® 50 50 50 50 50
Number of Observations 9 8 12 16 45
Average 1.30 157 1.56 1.50 1.49
Standard Deviation 0.33 0.53 0.97 0.39 0.60
Minimum 0.68 0.79 0.5 0.92 0.50
Maximum 173 2.26 4.33 231 4.33
Exceedance Probability® @o @o @o @o @o

(@) Early warning valuein effluent for total trihalomethanesis used.

(b) Exceedance probability @0 means <10° (or less than 1 in one million).
(c) Excluded April 7, 1996 and January 12, 1997 excursions for iron and manganese; excluded April 7, 1996

excursion for sulfate.

(d) Datafrom April 21, 1996 and later (prior to April 21, 1996 arsenic and |ead data are essentially not detected).
(e) Early warning valuein effluent of 10 ppb is used.

() No applicable permit limit, the limit used is based on WAC 173-200 groundwater quality standard.

(g9) Excluded anomalous data collected between January 22, 1999 to February 10, 1999 due to release from PFP.

(h) Excluded anomalous data collected prior to October 22, 1995 due to a one time release from PUREX.
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Appendix B

Graphical Display of Effluent Monitoring Data

This appendix includes time series plots and box and whisker plots of effluent monitoring data for the
detected constituents. The figures are intended to stand alone. However, explanatory notes are added
where appropriate. The main text can also be used for additional discussion that may clarify the graphical
displays and indicate cavests of the data presented.

Continuous monitoring data (flow rate, specific conductivity, and pH) are presented first (Figures B-1
through B-3). Time versus concentration plots for detected constituents based on individual grab and/or
composite samples are present next (Figures B-4 through B-12) followed by the monthly averages
(Figures B-13 through B-21). The presence of tempora cycles (seasondity) was examined visualy by
using multiple box and whisker plots (Figures B-22 through B-30) where the distribution of effluent
concentrations (for a particular constituent) over different seasonsis displayed. Similarly, it was used to
examine the effect of sample types (grab versus composite) on effluent concentrations (Figure B-31
through B-38).

In abox and whisker plot, the upper (Qs) and lower (Q,) quarters of the data are shown by the top and
bottom of a box and the median (Q,) isindicated by aline segment within the box. The box coversthe
middle 50 percent of the data values. The ‘whiskers extend out to the extremes (minimum and maximum
observations). When extremely large or small values occur, these values are plotted as individual points.
The whiskers extend only to those points that are within 1.5 times the interquartile range, IQR (Qs - Qy).
The median and IQR are analogous to the more common mean and standard deviation of adata set. The
median is a measure of ‘centra tendency’ or ‘location,” whereas the IQR is ameasure of ‘variability.’
Any data point that fals outside the whisker could be classified as a suspected outlier (Ostle and Maone
1988).

It should be noted that within each data display category, volatile organic compound is shown firgt,
followed by metas, anions, other analysis, and radionuclides. Also, anomalous data that correlated to
excursions (e.g., iron exceedances observed on April 7, 1996 and January 12, 1997) were not used in the
multiple box and whisker plots depicting seasonal effects. Their inclusion would make the range covered
by the vertical concentration scale so large that the seasond effects would not be discernable. Addition-
aly, only individua grab and composites samples collected for the variability study (from July 1995
through June 1996) are used to generate the box and whisker plots depicting possible sample type effects
(Figures B-31 through B-38). Thisis because after June 1996 only one type of samples was collected and
andyzed for the constituent of interest. Finally, the specific conductivity and pH data are subject to a
flow rate limitation. When the flow rate drops below 50 gpm, water from the effluent stream can no
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longer flow through the measurement cell. Thus during very low flow periods, the values recorded are
for stagnant water in the cell and do not reflect ambient conditions in the effluent stream. Thisisa
problem that is under study.

Explanatory notes and a brief discussion of the salient features of the concentration versus time plots
and the box and whisker plots are as follows.

FigureB-1

The marked change in flow conditions after 1997 is due to evaporator campaigns that last for afew
daysto aweek or two. The high flow rates are required to cool the evaporator condensers. The specific
conductance of effluent during the high flow periods is similar to Columbia River water (~140 n&/cm).

FigureB-2

Most of the large peaks are due to calibration problems. Also, during low flow (<50 gpm) the
conductivity and pH probes are immersed in stagnant water. This is because the monitoring system
requires at least 50 gpm to ensure water flows through the measurement cell. Most of the readings shown
cluster around the average or typical river water value of 140 n&/cm.

FigureB-3

The same caveats concerning low flow conditions apply to pH as well as conductivity. The most
common or most frequent values are in the range of typical river water.

FigureB-4

The origina variability study (Chou and Johnson 1996) indicated that the minima during the winter
and fall and maxima during spring and summer are readily recognizable as illustrated in the box and
whisker plotsin Figure B-22. However, there a so appears to be an overall trend of declining chloroform
concentrations during the 4-year period of record.

FigureB-5

The random spike occurrences of iron are readily apparent. The genera trend, however, appears to be
for spikes or excursions that are smaller in magnitude during 1998 and 1999 than in previous years. Grab
samples and composite samples are shown together for comparison. In most cases, the grab samples and
24-hour composite samples are comparable.

FigureB-6

Manganese is not detected much of the time as indicated by aline corresponding to the method
detection limit (~4.4 ppb). Manganese, a co-variate with iron, exhibits the same spike occurrences asiron
and probably has a similar origin (rusting carbon steel pipe). The grabs and 24-hour composites are
comparable.



FigureB-7

The short term or spike occurrences for chloride have clearly been attenuated since 1998. Thisis due
to elimination of the water softeners associated with the old 200 Areas Power Plants that were shut down
in 1998. The grab samples and composite samples both reflected the excursion that occurred February 6,
1996.

FigureB-8

In generd, the grab samples and composite samples are comparable for this constituent. Aswith
several other detected constituents, nitrate appears to have declined since 1998. The cyclic nature of the
concentrations is also evident in this plot. The highest concentrations shown are far below the drinking
water standard (10,000 ppb as N) even though the daily maximum limit is only 1,240 ppb.

FigureB-9

Grab samples and composite samples seem to be generally comparable. Overall there appearsto be a
gradual upward trend over the last two years. Nevertheless, the average concentrations are not much
higher than the average Columbia River water of 11 mg/L and are well below either the drinking water
standard or the permit limits.

FigureB-10

Total dissolved solids (TDS) is equivaent to conductivity. The overal pattern is similar to chloride
that has been a dominant contributor to TDS in the past. Grab samples and 24-hour composite samples
also seem to track each other fairly closely.

FigureB-11

Grab sample results for gross aphatrack well with composite samples. Except for the excursion
January 22, 1999, and for a short period thereefter, gross alphais consistently close to the natural back-
ground for Columbia River water. The excursion in 1999 was attributed to breakthrough of treatment
columns at the Plutonium Finishing Plant (PFP) water treatment plant.

FigureB-12

As noted for gross alpha, grab and composite samples for gross beta yield similar results. Except for
an early excursion due to strontium-90, gross beta is consistently near the natural background level of
river water. The consistent and low background levels for both gross alpha and gross beta make these
constituents good overall indicators for apha and beta emitters.



FigureB-13

The monthly average for chloroform reflects the same genera trend as the grab samples except the
variability is greatly attenuated. The average is well below the early warning value in effluent (set for
total trihalomethanes).

FigureB-14

The highest allowable monthly average of 258 ppb was exceeded twice during the 4-year monitoring
period (July 1995 through June 1996). The monthly averaging process also greatly smoothes the
individual data for total iron asillustrated by comparing this plot with Figure B-5. Thereisaclose
correspondence between the grab and composite sample data.

FigureB-15

The averaging process has the same effect on manganese as on iron and chloroform. Likewise, the
grabs and composite averages are in good agreement.

FigureB-16

The monthly averaging process a so attenuates the chloride concentrations (see Figure B-7). How-
ever, the monthly averages of grab and composite samples appear to be out of phase with each other
during the first year of operation. This may be a result of frequent spike occurrences that were “ captured”
by the 24-hour composite sample but not by the grab samples. Also, the effect of reduced input of

chloride beginning in 1998 (200 Areas Power Plant shutdown) is clearly evident in comparison to the
previous three years.

FigureB-17

The cyclic nature of nitrate is clearly evident in the monthly average data as shown in thisplot. Grab
samples and composite samples are aso in good agreement.

FigureB-18
In contrast to chloride, the monthly averages of grab and composite sample results are in close agree-

ment for sulfate. Aswith the other congtituents, averaging smoothes the data and makes the cyclic trends
more recognizable.

FigureB-19

The monthly averaging process smoothed the TDS results as with the other congtituents. Grab and
composite sample data are in agreement as noted for sulfate.
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FigureB-20

The monthly averaging process did not alter gross alpha very much because the individual weekly
samples did not exhibit much variability.

FigureB-21

As with gross apha, the monthly averaging of individual weekly data for this constituent did not have
much of an effect because it was so consistent (excluding the initial excursion).

FigureB-22

The box plots for the complete 4-year data set, segregated by season, indicate there are lower concen
trations in fall and winter and higher concentrations in spring and summer. This has been attributed to
enhanced chlorination of organics produced by phytoplankton during the annual maximain their growth
cycle. The spread in the data (range of concentrations) isin part due to the overall decline in concentra-
tions during 1998 and 1999.

FigureB-23

The anomaloudly high iron values that exceeded the permit standard are shown as +s. The median
concentrations are dightly higher in winter and spring. Also, variability islarger in the winter and spring
Seasons.

FigureB-24

In contrast to iron, the manganese box plots suggest there is a high concentration group co-mingled
with alow concentration group that has a very narrow range (flattened boxes). The low concentration
group represents data that were near and/or at the detection limit (see Figure B-6). The higher concen
tration could be a result of the hypothesized occurrence of particulate rel eases from rusting cast iron pipe.

FigureB-25

Chloride exhibits a bimodal population as noted in theinitial variability study report (Chou and
Johnson 1996). There appears to be two chloride populations: (1) alarge group of typically low concen
trations (172 out of total 200 analyses) that occur over arather narrow range (<10 ppm) with most
samples (134 sample) between 1 to 5 ppm; and (2) a smaller group consisting of much higher concentra-
tions scattered over awide range (up to 85.2 ppm). The higher concentration group (3 10 ppm) is
attributed to periodic (random) regeneration of resin beds for water softeners at the old power plants. The
low concentration population is close to the natural background of river water.



FigureB-26

The seasona variation (highest median concentrations in winter and spring) is evident for nitrate.
This pattern is shifted from the chloroform maxima that occur in spring and summer.

FigureB-27

The most noticeable feature for sulfate is the apparent larger variability and higher concentration in
composite samples collected during the spring season. The “+s’ shown outside the box plot for winter
correspond to samples collected during January and February of 1999 (see Figure B-9)
FigureB-28

Tota dissolved solids tend to follow the same seasonal pattern as sulfate, with lowest concentration
median occurring in winter and higher median concentration in spring.

FigureB-29
There appears to be a seasonal effect for the gross a pha data with lower concentration in winter and
higher concentration in spring. The narrow widths of the boxes for gross alpha indicate a relatively low

variability over al seasons. The outliers (+s) shown for spring are due to a treatment column operationa
problem at the PFP that occurred only in 1999.

FigureB-30

There does not appear to be a seasonal component in the gross beta data. The outliers (+s) shown
outside of the box plot for winter could be related to the PFP release that occurred during January 1999.

FigureB-31
The grab and composite samples yield similar results. The highest concentration shown as + in the

composite (3,100 ppb) as well as grab sample (1,850 ppb) corresponded to the event occurred on April 7,
1996 where permit limit was exceeded.

FigureB-32

Manganese in the 24-hour composite and grab samples are similar. Both indicate alow concentration
group (boxes) which are comprised primarily of non-detects, and a population of higher concentrations
that occur as random spikes (co-variate with iron).

FigureB-33

Both grab samples and composite samples for chloride exhibit similar distributions (bimodal, see
discussion in Figure B-25).
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FigureB-34

Both grab and composite samples for nitrate yield similar results (smilar in median concentration and
variability).

FigureB-35

Both grab and composite samples for sulfate yield similar results (Smilar in median concentration
and variability).

FigureB-36

Both grab and composite samples for total dissolved solids yield similar results. Larger variability as
shown for the grab samples were due to fewer data (8 observations) points.

FigureB-37

Both grab and composite samples for gross aphayield smilar results (Smilar in median concen
tration and variability).

FigureB-38

Both grab samples and composite samples yield similar results for gross beta. The outliers (shown as
+s outside of the boxes) were excursion due to strontium-90 of one time release from PUREX.
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Time Versus Concentration Plots - Weekly Grab and/or Composite Sample Results
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Time versus Concentration Plots- Average Monthly Data
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FigureB-14. TEDF Effluent Monitoring Result - Iron Monthly Averages
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FigureB-15. TEDF Effluent Monitoring Result - Manganese Monthly Averages

f T T | T |
Jan-58 Jul-25 Feb-99

Composite Sample Results

Aug-99

7]
[ ]
|
T

58 ppm

m
[}
|
T

i
[}
|
1

[wh]
o
|
1

jun]

Concentration (ppm)
=
|

s
]
|
T

Apr-S5

o

AL

Dct-55 Mlay-96 Dec-96

Jun-97

Time

—=— Grab Sample Results
—— Highest Allowable Monthly Average

Jan-53 Jul-=s Feb-84

Zomposite Sample Results

FigureB-16. TEDF Effluent Monitoring Result - Chloride Monthly Averages
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FigureB-17. TEDF Effluent Monitoring Result - Nitrate (as N) Monthly Averages
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FigureB-18. TEDF Effluent Monitoring Result - Sulfate Monthly Averages
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FigureB-19. TEDF Effluent Monitoring Result - Total Dissolved Solids (TDS) Monthly Averages
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FigureB-20. TEDF Effluent Monitoring Result - Gross Alpha Monthly Averages
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FigureB-21. TEDF Effluent Monitoring Result - Gross Beta Monthly Averages
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Multiple Box and Whiskers Plots- Seasonal Effects
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FigureB-22. Chloroform Grab Sample Results Shown by Season
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FigureB-23. Iron Composite Sample Results Shown by Season
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Multiple Box-and-Whisker Plot
Manganese Composite Samples (7/95-6/99)
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FigureB-24. Manganese Composite Sample Results Shown by Season
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FigureB-25. Chloride Composite Sample Results Shown by Season
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Multiple Box-and-Whisker Plot
Nitrate Composite Samples (7/95 - 6/99)
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FigureB-26. Nitrate (as N) Composite Sample Results Shown by Season

Multiple Box-and-Whisker Plot
Sulfate Composite Samples (7/95 - 6/99)

T T T T
e0r ]
I + ]
. ]
— o -
g aor .
Z ]
c i
e T
" 30 1
- j :
5 20f i i
O L i 1
10f %l 1
o ) 1

| | | |

Summer Fal Winter Spring
Season

FigureB-27. Sulfate Composite Sample Results Shown by Season

B.22



Multiple Box-and-Whisker Plot
TDS Composite Samples (7/95 - 6/99)
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FigureB-28. Tota Dissolved Solids Composite Sample Results Shown by Season

Multiple Box-and-Whisker Plot
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FigureB-29. Gross Alpha Grab Sample Results Shown by Season
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M ultiple Box-and-Whisker Plot
Gross Beta Grab Samples (10/95 - 6/99)
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FigureB-30. Gross Beta Grab Sample Results Shown by Season
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Multiple Box and Whisker Plots - Sample Type Effects
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FigureB-31. Multiple Box and Whisker Plot - Iron (Composite versus Grab Sample Results)
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FigureB-32. Multiple Box and Whisker Plots - Manganese (Composite versus Grab Sample Results)
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Multiple Box-and-Whisker Plot
Chloride (Composite vs Grab, 7/95-6/96)
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FigureB-33. Multiple Box and Whisker Plots - Chloride (Composite versus Grab Sample Results)
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FigureB-34. Multiple Box and Whisker Plots - Nitrate (Composite versus Grab Sample Results)
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Multiple Box-and-Whisker Plot
Sulfate (Composite vs Grab, 7/95 - 6/96)
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FigureB-35. Multiple Box and Whisker Plots - Sulfate (Composite versus Grab Sample Results)
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Multiple Box-and-Whisker Plot
Gross Alpha(Composite vs Grab,7/95-6/96)
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FigureB-37. Multiple Box and Whisker Plots - Gross Alpha (Composite versus Grab Sample Results)
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FigureB-38. Multiple Box and Whisker Plots - Gross Beta (Composite versus Grab Sample Results)
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