
ti ., a *

WM- 10
PR t
(Return to W)A, 623-SS

'9

I/ g~.r ~
iOwo -AY7

. jolzt~C"

An Evaluation of-the Report "Geochemical
Interpretations of Groundwater Flow Systems in the

Central Columbia Plateau" by Lehman and Quinn

Site Department

Basalt Waste Isolation Project

,to-
-0

PDMR 1WA"4 SDTE

- (F) (R)

,L //D O•7 7

. <.60s; 7



INTRODUCTION

This evaluation of the report "Geochemical Interpretations of Ground-

water Flow Systems in the Central Columbia Plateau" by L. L. Lehman and

E. J. Quinn of the Nuclear Regulatory Commission (NRC) was completed by

staff members of the Site Department, Basalt Waste Isolation Project (BWIP).

We were first made aware of this report and its filing in the public

reading room of the NRC during the March 1982 mid-year review held at

Department of Energy Headquarters, Washington, D.C. As reflected in subse-

quent comments, the 8WIP staff did not have an opportunity to review the

report before its release. Such a review would have helped produce a much

better report.

The premise of the Lehman and Quinn report is that a factor analysis

of hydrochemical data supports the existance of a hydrochemical anomaly

occurring near the Columbia River. This apparent anomaly was interpreted

to result from deep groundwaters, possibly originating from an underlying

sedimentary rock source, upwelling near the river and mixing with shallower

groundwaters, Such vertical groundwater movement and associated mixing

.was attributed to previously undetected structural features (faults, dikes,

or a graben) which could control the drainage pattern of the Columbia River.

Figure 20 of the report portrays the conceptual model :proposed.

In direct terms, the report contains many technical errors. The

principal problem regarding hydrologic interpretation results from grouping
widely different basalt formational groundwaters for use in a factor analysis.

For example, our Figure 1 shows selected chemical quality (Stiff) diagrams for

both shallow and deep groundwaters within the Pasco Basin. In the report,

Lehman and Quinn directly compared, as equtivalent hydrostratigraphic units,

the shallow Na-HCO3 chemical type waters characteristic of the Saddle

Mountains or some upper Wanapum Basalts, to deep Na-Cl Grande Ronde ground-

waters such as displayed in Figure l'at boreholes DC-6, 7/8, 12, 14, 15

and DB-15. Specifically, the authors directly compared deep Na-Cl Grande.

Ronde groundwater just west of the Columbia River at boreholes DC-6, 14 and

15 to the shallow Na-HCO3 groundwaters of the lower Saddle Mountains Basalt
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on the river's east side. Since these chemical types are different,

Lehman and Quinn concluded that a major structure must exist beneath the

Columbia River which allows mineralized waters to "upwell". However, the

authors did not recognize that distinct groundwater chemical types exist

with depth and, as shown in our comments, there is absolutely no break in

chemical quality or in fluoride and chloride concentrations across the

Columbia River for equivalent hydrostratigraphic units.

With regard to geology, there is no stratigraphic, geophysical or

structural data suggesting structural control of the Columbia River along

the east and northeast side of the Hanford Site.- The gravity data used
to support the NRC's premise did not appear to be corrected for terrain effects

and, therefore, simply reflects areas in the Pasco Basin displaying steep

-topographic relief. One such area is White Bluffs, an erosional (not

structural) feature bordering the Columbia River. Many additional geology

comments concerning geologic interpretations are offered on later pages.

In summary, the conceptual model of Lehman and Quinn for structural control

of the Columbia River and upwelling of deep groundwaters around this feature

is not supported by any geologic or hydrologic evidence.

The following pages contain responses to specific sections of the Lehman

and Quinn report.
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Page 2 FACTOR ANALYSIS

Statement:

This chapter outlines the factor analysis approach used to evaluate

groundwater flow patterns.

General Response:

Perhaps a "Q" mode factor analysis should have been tried rather than

an "R" mode. An "R" mode looks at relationships among variables (chemical

analyses in this instance) whereas the "Q" mode examines relationships

between objects (wells). Although an "R" mode provides a method of des-

cribing inter-object relationships, it is not usually based on a suitable

measure of inter-object similarity (Joreskog and others, 1976). The

`Q` mode will more reliably and directly show interrelationships among

objects. Therefore, since this document primarily addresses similarities

between objects (i.e., wells), based upon "end members", the "Q" mode would

represent a better approach. An excellent example illustrating this point

which is analogous to the Lehman and Quinn report is given by Joreskog

and others (1976, page 87).

Page 2 First Paragraph under FACTOR ANALYSIS, Last Sentence

Response to Referenced Sentence:

\ It should be noted that when Ms. L. L. Lehman was given selected

unpublished examples of the BWIP's hydrochemical data base, she assured us

that these data would not be published or disseminated. This assurance

was sought to help avoid misuse of data as occurred in this report and as

later explained, confusion regarding silicon versus silicon dioxide con-

centrations or attempts to directly correlate groundwater analyses between

completely different flow systems.

-4-



Page 2 Second Paragraph Under FACTOR ANALYSIS, Second Sentence

Response to Referenced Sentence:

Factor Analysis is not a noise filtering process. Factor analysis

does not remove "noise' introduced by local hydrologic conditions, sampling

or analytical errors.

In drawing hydrologic conclusions from a factor analysis study

of hydrochemical data, one should evaluate results against the known

geohydrologic setting of an area. As will be evident from our comments,

this review process was apparently not carried out, and therefore, erroneous

conclusions were drawn regarding structural control of and groundwater

discharge to the Columbia River.

Page 2 Last Paragraph, Last Sentence

Response to Referenced Sentence:

The report needs an expanded explanation as to the factoring method

used. The statement "The final method used was the PAl, or principal factoring

with no interations and the final factor solution was the orthogonal,

Varimax rotated factor solution with Kaiser normalization" requires

referencing and interpretation.

Page 4 First Paragraph

Response to Referenced Paragraph:

This paragraph lists the 16 variables used in the factor analysis.

We have not reviewed each chemical analysis listed in the 27 pages of

Appendix A, but one error immediately seen was confusion regarding silicon

(Si) versus silicon dioxide (SiO2) values. "Silica" is noted on page 4 as one

of the important variables used in the factor analysis. However, in Appendix

A, the authors directly compared silicon (Si) with silicon dioxide (SM2)
values. The hydrochemical analyses given to Ms. Lehman by BWIP listed Si

dv
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values along with the required multiplication factor necessary to convert
Si to SiO2:

7

S1o2 =

60 (formula weight of SiO2)

28 (formula weight of Si)
(measured Si value)

The conversion of Si to SiO2 is critical because the regional

hydrochemical data from PNL and the USGS used by the NRC is actually SiO2.

Therefore, to compare data bases, all values must be either Si or SiOa.

This conversion was not done. Rather, the authors mixed Si (BWIP data)

with SiO2 (PNL and USGS data) values. For example, from page 24 of Appendix

A, we take the following examples:

Wel 1
Si Value Reported

by NRC

81

82

83

84

85

86

DC14M1

DC14GR
DC6GR

DC15GR

DC15LI

DCl4EM

26.1

48.5

50.0

39.34

25.5

i 27.8

SiO2 value that
should have been

used by NRC

55.8

103.8

107

84.2

54.6

59.5

Page 4 Second Paragraph

Statement:

This paragraph notes that "On the basis of low communality, HC0Oj

was eliminated from the analysis. This variable contributes little or no

hydrogeologic information in this factor analysis program since the

distribution pattern in the study area either varies randomly or is uniform".

Response to Referenced Paraaraph:

Then why was C03 used as a parameter? It would be far better to
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usle total inorganic carbon or alkalinity as a parameter than to use only

one of the carbonate species. The concentrations of HCO3 and CO3 are

strongly pH dependent, e.g., below pH '8.3 alkalinity is principally due

to HCQ3 while above pH -11 C0O predominates. Therefore, it is quite natural

for CO- and pH to have a high communality as shown on Table 3 of the NRC

report. The manner in which COP, HCO and pH are used gives little insight

to carbon characteristics of groundwater types or depth groupings. Following

the same logic as given in the authors' statements above,C03 should also

be eliminated from the analysis because its areal distribution is also

uniform in equivalent hydrostratigraphic units.

Also notice that in Appendix A, CO3 is listed as "zero concentration"

in all but 19 of the 86 well sites referenced. Bicarbonate (HCO) values

are listed for all well sites. Clearly the principal contributor to

alkalinity is HC0 for most well sites.

Refer to our responses on page 6 (single paragraph plus Table 3 on

page 7 of NRC report) regarding errors in. data groupings and interrelationships.

Page 5 Table 1 and Paragraph Below this Table

Response to Page:

Why was an eigenvalue cutoff of 1.5 used? A fourth factor would

explain more than eight percent additional variance. Furthermore, factors

with low percentages of accounted for variation may still have significant

geohydrologic implications.

Page 6 Table 2 and Paragraph Below Table

Response to Table and Paragraph:

As noted in comments from page 4 of the NRC report, the first variable

listed on Table 2'should be SiO2, not Si. If a correct comparison were made

regarding silica (Si versus Si or SiO2 versus SiO2) and the other 14

variables, silica would most likely fall in the Factor 1 grouping rather

than Factor 2.
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Page 6 Single Paragraph Plus Table 3 on Pa')e 7

Response:

- The correlations drawn from Table 3 of the NRC report do not agree

with available hydrochemical data. For example, Table 1 of our comments

is from the BWIP Site Characterization Report. It gives the range and mean

values for the major cations and anions present in groundwater samples in

and around the Hanford Site. These data show a strong correlation between

increasing depth and increases in concentrations of CO`, Cl-, S0U, F-, silica

(given as H3SiO4 and H4Si04), Na4, total dissolved solids, pH and temperature.

Yet depth is not considered a significant factor in regard to other variables

in Table 3 of the NRC report. In fact, for one or both of Factors 2 and 3,

depth is inversely proportional to concentrations of SiO2, CO3, SO4, Cl-,

F-, specific conductance, pH and temperature. This does not fit field

data. Also notice that in Factor 2 that depth and temperature are inversely

proportional to each other. In other words, as depth increases, temperature

decreases. This is not possible.

Thus, these groupings of variables and factor divisions appear very

arbitrary and are not tempered by known data.

Page 7 Bottom Paragraph (Continued On Page 8)

Response:

We believe that the major reason for confusion in attempting to

correlate Table 3 results of the NRC report with actual field data lies

in grouping widely different chemical types. This problem focuses in the

last two sentences of the referenced paragraph when the authors state "the

variables have been plotted by arbitrarily dividing deep, intermediate, and

shallow wells. The 600-foot depth was chosen as the boundary between shallow

and intermediate and the 1000-foot depth was chosen as the boundary between

intermediate and deep wells". Lehman and Quinn note that this division

was carried out for "a more exact interpretation" but in essence, this

division only confuses interpretation. For example, notice in our Table 2
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TABLE 1. Range in Concentration and Mean Composition of Major Chemical Constituents
for Columbia River Basalt Group Groundwaters Within and Near

the Hanford Site (Sheet 1 of 2)

Concentration (mg/L)

Constituent Saddle Mountains Basalt Wanapum Basalt Grande Ronde Basalt

Range Mean Range Mean Range Mean

Anions

HC03- 104 - 298 180 100 - 192 128 16 - 102 57

C03 2 10.8 - 23 4.2 1.8 - 26 18 3.5 - 55 21

C1- 3.4 - 63 12 4.6 - 117 43 96 - 197 169

S04-2 <0.05 - 107 15 0.05 - 26 11 4.2 - 199 125

N03- <0.5 - 7.6 c.0.5 <0.5 <0.5 <0.505

F- 0.03 -8.0 1.3 0.6 - 24 8.0 13 - 42 30

H3S104- 0.5 -22 4.0 1.7 - 55 28 9.1-140 74

Cations

Nat 17 -122 58 .61'- 171 96 161 - 360 257

K+ 6.2 -15 11 10 - 21 14 0.34 - 24 6.5

Ca'2 * 0.5 -42 14 1.0 - 18 3.4 0.80 - 7.8 2.4

Mg+2 0.1 -16 4.2 0.3 - 10 0.8 <0.005 - 0.2 0.04

(Tab') continued on. next page)
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Table 1. (Continued)

Concentration (mg/L)

Constituent Saddle Mountains Basalt Wanapum Basalt Grande Ronde Basalt.

Range Mean Range Mean Range Mean

1H4S504 50 - 140 97 6.2 - 152 71 39 - 132 101

Total dissolved
solids 313 - 522 395 327 - 667 461 626 - 1,210 843

Eh (V) -0.086 - +0.056 -0.010 -0.18 - +0.12 +0.02 -0.217 - +0.210 -0.100

pH 7.6 - 9.4 8.4 8.2 - 9.6 9.3 8.8.- 10.6 9.7

Fluid
temperature (0C) 16.3 - 26.8 21.8 19.5 - 40.8 .30.5 46.2 - 55.3 52.0
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how this division mixes completely different chemical systems and strati-

graphic sequences.

In this analysis, Lehman and Quinn combines groundwaters of wide

hydrochemical (and isotopic) types which have unique chemical signatures.

For example, the "deep" flow system division groups groundwaters from across

a few thousand vertical feet which encompass Na-HCO3 Saddle Mountains waters

(total dissolved solids of 313 to 522 mg/l) with Na-Cl Grande Ronde waters

(total dissolved solids from 626 to 1210 mg/l). With the division of flow

systems given in the NRC report, it is impossible to search out real

communalities between factors or variables. But perhaps most importantly,

wherever deep groundwater chemical types are compared to shallow groundwaters,

then the deep waters will automatically appear "anomalous". Refer back to

our Figure 1 to notice the difference in chemical types between shallow and

deep groundwaters.

In this analysis, the NRC repeatedly states that hydrochemical data

from boreholes located along the western side of the Columbia River are

anomalous. However, there is nothing anomalous about the deep Hanford

boreholes - they only penetrate deeper into the basalts and sample waters

of another chemical type compared to shallower boreholes typical of most

of the Pasco Basin. Our Figure 2 shows the depth of several of the NRC's

"deep wells". As seen, the:deepest boreholes in the Pasco Basin penetrating

the Grande Ronde Basalt are along the Columbia River (DC-6, 14 and 15) or

further west on the Hanford Site (DC-1/2). Therefore, these deep boreholes

will mark areas which are hydrochemically different from shallow groundwaters.

Everywhere a deep groundwater sample occurs from the Grande Ronde Basalt,

the NRC identifies a hydrochemical anomaly.

If the NRC had also included examples of Grande Ronde groundwaters

from other BWIP boreholes, e.g., DC-7/8 and 12 located more centrally on

the Hanford Site, then it would have been concluded that "anomalous"

hydrochemical conditions exist in each of these areas as well. Of course,

that conclusion would be false.

-11-
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TABLE 2. Division of Groundwater Flow Systems.

Flow Systems and Basalt Formations
Included in the NRC Divison

Principal Groundwater Chemical Types
Included in NRC Flow System DivisionNRC Flow System Division

.7

Shallow
Flow System

Intermediate
Flow System

Deep
Flow System

0 to 600 feet
deep

600 to 1000 feet
deep

>1000 feet deep
deep

Unconfined aquifer to confined
aquifers of the Saddle Mountains
Basalt

Unconfined aquifer to confined
aquifers in lower Saddle Mountains
to upper Wanapum Basalts

Confined aquifers in lower Saddle
Mountains to lower Grande Ronde
Basalt

Ca-HCO3, So4 to Na-HCO3

Ca-HCO3 , So4 to Na - HCO3 and Na-Cl .Ii

Na-HCO3 to Na-Cl

1?
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DEEPEST BOREH LES LISTED IN TREPORT.

LEGEND

* -BOREHOLE LOCATION
(103S FEETI-GROUNDWATER SAMPLE.DEPTH GIVEN IN NRC REPORT
IWANAPUM)-STRATIGRAPHIC INTERVAL FOR SAMPLED DEPTH



The lesson to be learned here is simply that in o rer to perform an
evaluation of hydrochemical data, one must first understand the source and

nature of the data being used.

Page 8 First Paragraph, Second Through Fourth Sentence

Statement:

"The chemical constituents are atypical of water in equilibrium with
basalt (Atlantic Richfield, 1976) and are thought to originate either from

a sedimentary sequence which is thought to underlie the basalts or possibly
from an acidic lava which predates the more mafic flood basalts. ARCO found

this sodium chloride type of water in deep well DC-1. Newcomb (1972),

recognized a water type similar to this and attributed it to a sedimentary

origin".

Response:

The groundwater sampled from the basalts are very typical of waters in

equilibrium with its basalt matrix (White and others (1963), Garrels (1976),

Gephart and others (1979), and Smith and others (1980)]. As stated on page

93 of the Atlantic Richfield report (Staff, 1976), most basalt groundwaters

were thought to come from sedimentary interbeds sandwiched between basalt

units as opposed to basalt flow tops. However, investigations over the

last several years has proven this statement to be in error. Nevertheless,

the Atlantic Richfield report did not imply that groundwater is derived from

a sedimentary sequence under the basalts as implied in the NRC report.

In the use of the word "atypical", we believe that the NRC report

does not recognize that groundwater compositions in a flow system are

dynamic, i.e., they change from recharge to discharge. For example, a
Na-Cl water that is typical of Grande Ronde waters now deep beneath the

Hanford Site would have been a Ca, Mg-HCO3 chemical type at the time of

recharge thousands of years earlier.
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This mixed cation-bicarbonate chemical type is locally seen in springs and

in shallow basalt wells close to natural recharge areas in the Pasco

Basin (Gephart and others, 1979). However, with distance from areas of

recharge, the chemical type and content of groundwater changes due to

cation exchange (e.g., Ca+ and Mg+ decrease and Na+ increases) and other

mineral/water interactions. Such change is the basis of traditional

hydrologic studies for delineation of groundwater flow patterns. Chemical

types and compositions are not static but dynamic. One must therefore

understand the basic geology of an area and compare equivalent hydrostra-

tigraphic units in order to reasonable understand groundwater flow and the

possible influence of geologic structures in this movement.

The NRC report notes that Na-Cl water was found in borehole DC-1.

This is not unique. Na-Cl waters are typical of all groundwaters so far

analyzed in the Grande Ronde Basalt (and sometimes the Wanapum Basalt)

regardless if the borehole is located near the Columbia River (DC-6, 14

and 15) or miles from the River (DC-1/2, 7/8, 12 and DB-15).

It should be noted that the Newcomb's (1972) comment regarding a

"sedimentary origin" refers to water samples collected from wells west

of the Cascade Mountains as opposed to wells sampling groundwaters in the

central Columbia Plateau.

Page 8 (First complete paragraph starting with fifth sentence)

Statement

"The distribution of Factor 1 (Figures 2 to 4 of NRC report) indicates

the greatest concentration at wells DC-6 and DC-14, located near the horn

of the Columbia River. These two wells are flowing, from depths greater

than 1700 ft below the surface, (Fenix & Scisson, 1970). The Factor 1

scores in the deep wells drop off markedly to negative values on the east

side of the river indicating a different water type. While there is a

fairly large difference in well depth, in the deep wells, from one side of

the river to the other, (1400 ft, on the east as opposed to 3100 ft on the

west), the general trend is still quite strong in the intermediate depth

-l 5-



wells (Figure 3 of NRC report): Factor 1 scores of 1.75 still appear in

this depth range (600-1000 ft below the surface). One could infer a mixing

of water types as the water migrates from depth toward the surface."

Response

Again, Lehman and-Quinn are comparing shallow Na-HCO3 waters of the

Saddle Mountains Basalt on the east side of the Columbia River to deep

Grande Ronde Na-Cl, more mineralized, waters on the west side of the river.

The report recognizes, though quickly dismisses, the importance of 2000 feet

difference in sampling depths; however this difference is the exact reason

for the chemical "anomalies".

: In order to examine whether the Columbia River marks a hydrochemical

boundary of some sort, one must compare equivalent hydrostratigraphic

intervals. Our Figure 3 does this using borehole DC-14 (located along the

horn of the Columbia River where the NRC states that the greatest deep

discharge and groundwater mixing occurs) and the NRC's well #45 (located

just east of the Columbia River opposite of borehole DC-14).

Notice that the hydrochemistry of groundwater in the lower Saddle

Mountains and upper Wanapum Basalt in DC-14 is identical to that of well

#45. There is no chemical difference between the two sides of the Columbia

River. Again, the only difference arises when one compares the Na-HCO3
waters of well #45 with the deep Grande Ronde Na-Cl waters of borehole DC-14

displayed in the lower portion of our Figure 3. In other words, no

hydrochemical anomaly exists along the horn of the Columbia River and there

is no evidence for significant mixing of water types. Also refer to our

Figure 1 which clearly demonstrates that for equivalent hydrostratigraphic

units (shallow groundwater in Saddle Mountains and upper Wanapum Basalts)

there is hydrochemical continuity across the Columbia River - not hydro-

chemical breaks.

It should be noted that the presence of artesian flowing: wells are

quite common for confined aquifers where penetrated by wells in locations

of low topographic elevation. Since DC-6 and DC-14 are located near

-16-
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BOREHOLE: DC-14

43kOUND SURFACE ELEVATION
i19m ABOVE VXL

WELL: 45
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DEPTH (m)
GROUNDWATER
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DEPTH (im)
GROUNDWATER
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INTERVAL
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I
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f-- --The NRC should have used
these two groundwater samples
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The NRC compared these two
oroundwater samples.
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Ca2 1,, i

0
... 11

5
i ! i+

HCO; + Co~z

Na +K + hi III I t :i I I I ,111 1 I I Ct' + F

M92+ 2 1 111 1 111 I I 1 : ! so~z
(meq/1)

CHEMICAL SCALE

SAMPLING INTERVAL DEPTHS ARE SHOWN
IN METERS BELOW LAND SURFACE.
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the Columbia River and have low ground surface eleva tons (i.e. approximately
402 and 389 feet above mean sea level, respectively) groundwater naturally
occurs under artesian flowing conditions. If for example this low surface
elevation could be extended throughout the Pasco Basin, nearly all confined
basait aquifers would exhibit flowing conditions, no matter if they were
located near the river or along the margins of the basin.

- In like manner, distinct hydrochemical breaks occur in borehole DC-15
located adjacent to the Columbia River near the southern border of the
Hanford Site. Again, the shallow basalt waters are very similar on both
sides of the Columbia River. No anomaly exists.

It is unknown as to what the Fenix and Scisson (1970) report
-refers to since this report predates borehole DC-6 which was completed in
1978 and borehole DC-14 completed in 1981.

Page 12 First Complete Paragraph

Statement

As in the previous paragraph for Factor 1, this paragraph deals with
Factor 2 variables and the NRC report notes that Factor 2 variables are
Uevenly distributed across the study area except for deep wells near the
Columbia and near the horn". Near the river "highest factor scores occur
immediately adjacent to the river on the east side, while the lowest scores
occur immediately adjacent to the river on the west side, indicating a type
boundary at the river".

Response

The same problem holds true for this paragraph as the previous one on
Factor 1 conclusions. The authors are trying to compare different ground-
water chemical-types from different hydrostratigraphic units and are then
concluding that a structural boundary exists beneath the Columbia River
when the two chemical types don't match. Again, available data indicate
that there is continuity in hydrochemical types on both sides of the river.
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No boundary exists. Additional confusion also enters the authors' comments

from their mixing Si versus SiO2 values as noted in earlier comments.

Page 12 Last Paragraph - Continued on Page 19

Statement

This paragraph evaluates the Factor 3 variables indicating that the

hydrochemistry of those shallow waters are strongly influenced by irrigation

in the area of the Columbia Basin Irrigation Project. It goes on to state

that "certain factor scores and'geochemical plots of chloride and fluoride

also drop off sharply to the east of the river indicating that discharge is

fairly localized within the basin and especially along the river. The

previously suspected discharge area for the basalts has been the Wallula

Gap area, a deeper system has not previously been identified. The apparent

discharge area for parts of the deeper system and probably some of the

basalt system is the Columbia River based on geochemistry".

Response

We agree with Lehman. and Quinn that artificial recharge influences the

shallow water's chemistry. We have observed that these waters can sub-

stantially increase Ca+, Mg., S04, C1- and NOI contributions (Gephart and

others, (1979).

However, in regard to this paragraph, the principal errors are

introduced by the authors trying to compare fluoride and chloride con-

centrations on the east and west sides of the Columbia River by again

indiscriminately mixing chemical data from both shallow and deep boreholes.

To illustrate this point, we have revised the authors' original Figures 11

through 14 using fluoride and chloride concentrations principally equivalent to thE

lower Saddle Mountains Basalt (Figures 4 and 5) and the Wanapum and Grande

Ronde Basalt (Figures 6 and 7). The following comments are offered.

o Figure 4. Since this figure shows fluoride concentrations for only

an equivalent hydrostratigraphic unit (the lower Saddle Mountains

Basalt), fluoride concentrations for deeper groundwaters are

-19-



FLUORIDE CONCENTRATIONS IN GRQjNDWATERS OF
rTHE LOWER SADDLE MOUNTAINS BASALT 2

(MABTON INTERBED).

(FLUORIDE CONCENTRATIONS IN mg/I)

THIS FIGURE IS MODIFIED FROM FIGURE 14 OF THE NRC REPORT.

LEGEND

* BOREHOLE LOCATioN
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CHLORIDE CON(JNTRATIONS IN C-OUNDWATERS
,OF THE LOWER SADDLE MOUNTAINS BASALT ro

(MABTON INTERBED).
(CHLORIDE CONCENTRATIONS IN mg/I)

THIS FIGURE IS MODIFIED FROM FIGURE 12 OF THE NRC REPORT.
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- Figure 6
.UORIDE CONCENT-ATIONS OF DEEP-ROUNDWATERS.

(FLUORIDE CONCENTRATIONS IN mg/1)

THIS FIGURE IS MODIFIED FROM FIGURE 14 OF THE NRC REPORT.

ILEGENDI - BOREHOLE LOCATION
(1035 FEET)- GROUNDWATER SAMPLE DEPTH GIVEN IN NRC REPORT
(WANAPUM)- STRATI GRAPHIC INTERVAL FOR SAMPLED DEPTH
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HLORMDE CONCEN RATIONS OF DEEUGROUNDWATERS.
( C

(CHLORIDE CONaCENTRATIONS IN mg/1I) z~f

THIS FIGURE IS MODIFIED FROM FIGURE 12 OF THE NRC REPORT.

LEGEND

0 - BOREHOLE LOCATION
(1035 FEETI- GROUNDWATER SAMPLE DEPTH GIVEN IN NRC REPORT
(WANAPUM)- STRATIGRAPHIC INTERVAL FOR SAMPLED DEPTH
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crossed out and fluoride values for the lower Saddle Mountains are

substituted. Notice that there is no difference in fluoride values

from the east to west side of the Columbia River. Also note that in the

horn of the Columbia River, the fluoride values are 1.2 and 1.6 mg/i

in well 145 and DC-14 on the east and west sides of the river, respectively.

There is certainly no major difference in fluoride as would be required

if the Columbia River formed a major discharge boundary separating the

two sides of the river.

o Figure 5. This map shows chloride concentrations for only an equivalent

hydrostratigraphic unit (the lower Saddle Mountains Basalt). Chloride

concentrations for the deeper groundwaters are crossed out and

chloride values for the lower Saddle Mountains Basalt are substituted.

Again, notice that there is little difference in chloride concentrations

from the east to west sides of the Columbia River. In fact, near

borehole DC-14 and well #45 located along the horn of the river where Lehman

and Quinn place their major argument for "deep upwelling", the chloride

values are 11.8 versus 12 mg/l. No difference exists.

o Figure 6. This figure was slightly modified from the NRC's Figure 14.

It now shows fluoride concentrations and the associated stratigraphic

units for 10 deep well sites used by the authors. Again the authors

are trying to compare fluoride concentrations in relatively shallow

wells on the east side of the Columbia River to deep groundwaters on

the west side of the Columbia. However, using only a simple depth

division based upon the stratigraphic interval sampled for groundwaters,

the following groupings, as shown on the next page, emerge from Figure 6.
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Stratigraphic V Fluoride
Depth (feet) Interval Concentrations (mg/l)

1029 Lower Saddle Mountains 2.2

*1035 Wanapum 0.3

1092 Wanapum 0.6

1100 Wanapum 1.7

1203 Wanapum 0.5

1371 Lower Saddle Mountains 1.2

2253 Grande Ronde 21

2992 Grande Ronde 42

3180 Grande Ronde 47

3301 Grande Ronde 23

As can be seen, the only division in fluoride concentrations are

between shallow (X1,370 feet) groundwaters wherethe fluoride concen-

trations range between 0.3 and 2.2 mg/l and deep (X2,250 feet) ground-

waters where the fluoride concentrations range between 21 and 47 mg/l.

These data do not support the existance of a fluoride variation occurring

near the Columbia River.

o Figure 7. This figure was modified from the NRC's Figure 12. It now

shows chloride concentrations and associated stratigraphic units for

10 deep well sites used by Lehman and Quinn. Using a simple depth

division based upon stratigraphic interval sampled, the following

groupings, as shown on the next page, emerge from Figure 7.
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Stratigraphic Chloride
Depth (Feet) Interval Concentrations (mo/1)

,1029 Lower Saddle Mountains 14

1035 Wanapum 1.2

1092 Wanapum 5.4

1100 Wanapum 11

1203 Wanapum 4.8

1371 Lower Saddle Mountains 12

2253 Grande Ronde 95

2993 Grande Ronde 166

3180 Grande Ronde 238

* 3301 Grande Ronde 210

Again, the only division in chloride concentrations are between

shallow (<1,370 feet) and deep (,2,250 feet) groundwaters: fluoride

concentrations vary between 1.2 and 14.mg/l for shallow waters and
95 to 238 mg/l for deeper groundwaters. These concentrations do not

support the existance of a chloride variation between the east and

west sides of the Columbia River.

In addition to the above noted errors, we have very quickly examined

some of the cation and anion values listed in Appendix A that the

authors used to support their Figures 11 through 14. Examples of what

we found are: (1) the cation and anion balance for the well #25

(borehole DC-2) groundwaters is off by som'e 50%, i.e., cations equal
'.11.8 milliequivalents/liter while the antons equal %6.2 milliequivalents/

liter. This discrepancy in mass balance makes the well #25 values

unusable for a comparative analysis. "(2) In Appendix A, the fluoride

concentrations for well #25 (DC-2) is listed at 21.0 mg/I. However in'the

NRC's Figure 14, the fluoride concentration is listed as 10.0 Mqg/. In

referring back to Apps and others (1979) for hydrochemical data in

borehole DC-2 and LaSala and Doty (1971) for borehole DC-I, the correct

value appears to be 21 mg/i. (3) The Na+, HCOj, K+, C0, SO=, and

Cl- values for wells 51 through 63 are missing from Appendix A...
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Page 19 Second Paragraph

Statement

It is stated in this paragraph that previous groundwater studies

of the central Columbia Plateau region did not consider the effects of

structural features on the discharge patterns of flow systems.

Response

In regard to the importance of structures on groundwater flow, the

authors should consider LaSala and others (1973), Staff (1976), Apps and

others (1979), Gephart and others (1979) Dove and others (1981), plus

numerous reports by Newcomb such as Newcomb 1961 and 1969. Each of

these reports addresses, in various levels of detail, possible structural

influences on groundwater flow patterns, discharge, etc. An especially

detailed discussion is found in Gephart and others (1979). The importance

of structural influence on groundwater movement has been recognized for

many years.

Page 19 Last Paragraph and Continued on Page 24 (First and Second Paragraphs)

Statement

These paragraphs are written to support the analogy that some

water drainage patterns in the Columbia Plateau (e.g., Figure 15 of the

NRC report) are structurally controlled and that the Columbia River in the

Pasco Basin demonstrates the same behavioral pattern.

Response

However, the comparison between the Clearwater embayment (which

includes the Lewiston Basin) and Pasco Basin is not applicable. Although

both are part of the Columbia Plateau, the geologic terrains and structures

are very different. The Pasco Basin is in the Yakima fold belt, yet the

Clearwater embayment is part of the high plateau-deep canyon country.

Rivers in the Clearwater embayment flow directly on basalt (13 million
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years or older) or basement bedrock; the Columbia River in the Pasco Basin

flows generally on a thick deposit of sedimentary materials (less than

6 million years old). Structures in the basalt and basement do affect the

rivers and streams in the Clearwater embaymnnt because the structures are

responsible for the topography which controls the drainages. Topographic

control of rivers is much less important in the Pasco Basin.

The present course of the Columbia River developed over a long period

of time (14.5 million years ago to recent). This fact is summarized by

Fecht and others (1982). The course of the Columbia River within the Pasco

Basin is a product of events controlled by a westward tilting paleoslope,

a subsiding Pasco Basin since the Miocene, growth of Yakima fold structures,

infilling of the Pasco Basin with sediments, control of surface drainage by

numerous basalt flows, and surface water flooding during the Pleistocene.

To argue that groundwater (where present) in the Clearwater embayment

is controlled by structures that might also control surface drainage is

correct. However, to argue that groundwater is controlled by the same

processes that-control surface drainage of the Columbia River in the Pasco

Basin must be demonstrated independent of other areas with dissimilar

geologic conditions.

The Columbia River does not demonstrate a pattern similar to that

summarized by Hooper and Camp (1981) for the Clearwater embayment. For

the reason stated above, this cannot be stated without supporting evidence.

At the confluence of the Yakima and Snake Rivers with the Columbia River,

no structures have been mapped, nor can they be inferred from subsurface

data (Myers and others, 1979).

Page 24 Third Paragraph

Statement

This paragraph centers upon the concept that groundwater in the

basalts beneath the Pasco Basin results from local recharge, inter-basin
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flow and/or upwelling from a deeper system. Figure 16 in the NRC report

(from Dove, et al., 1981) is used to locate "highly deformed" areas within

the Hanford Site which may offer a pathway for groundwater upwelling from

a deeper system.

Response

We agree with the NRC in the concept that increased vertical fracturing

in anticline structures may offer vertical conduits for groundwater to

pass between flow systems (Gephart, et al., 1979). However the NRC report

errors when it states that "Figure 16 shows zones of equal deformation:

associated with anticlinal and synclinal structures within the Pasco Basin'.

For example in referring to this figure on page 4.37 and continued on page

4.40 of the DoveX, and others (1981) report, it is stated "These maps only

represent an interpretation based on structure maps and do not represent

any field data on deformation or stresses." This thought is particularly

applicable to the four oval areas which coincide with the axis of the

.Wahluke syncline, Umtanum-Gable anticline and the Cold Crrek syncline. The

basalts dip within these two synclines is less than 5 degrees while along

the axis of the anticline the slope is sometimes vertical. Hardly areas

of "equal deformation" and certainly the synclinal troughs are not "highly

deformed areas".

In addition, the NRC's Figure 16 shows zero deformation along the

Columbia River while the NRC infers structural control of the Columbia

River in Figures 17 and 20.

Page 24 Paragraph 4 (Continued on Page 28)

Statement

This text refers to the "total gravity map" shown in Figure 17 of

the NRC report which along with the residual gravity maps "flown by Weston

Geophysical for BWIP Project" infers structural control from one side of

the Columbia River to another.
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Response

This entire paragraph is not only confusing but technically incorrect.

For example:

(1) The gravity survey referenced was conducted by Weston Geophysics

for the Washington Public Power Supply System not BWIP. In addition

gravity data are obtained by occupying land stations, not flown!

(2) The source of Figure 17 in the NRC report is uncertain. It is not

taken directly from the Weston Geophysics data on file with BWIP

(Weston Geophysical Research,1979) nor from earlier gravity surveys

by Deju and Richard (April, 1975), Richard (July, 1976), Richard and

Deju (July 1977) or Richard and Lillie (July, 1977). Are these data

a reworking of earlier information by the NRC staff?

(3) It is unclear as to how Lehman and Quinn are using the term "total

gravity map". Since the authors made a distinction between a total

gravity map and a residual gravity map, then the total map might

refer to the gravity surface prior to terrain, free air, bouguer

and etc. corrections are made. If this is the case, then Figure 17

simply displays the already obvious topographic features of the Pasco

Basin which includes White Bluffs along the Columbia River. Thus, the

linearity of "structure" al6ng the river results simply from the
lack of terrain corrections for a steep slope on the east side of

the Columbia River rather than any deep structures. In addition, the

actual bouguer and residual gravity maps generated by Weston Geophysics

do not display a gravity surface inferring deep structural control of

the Columbia River.

As noted earlier, there is no geologic evidence supporting deep

structural control of the Columbia River at its present location. In fact,

not even the early preliminary gravity work referenced in item #2 supports

a deep structure interpretation as proposed by the NRC report.

-30-



. 4

Page 28 First Full Paragraph

Response:

This paragraph states that based upon "structural evidence and the

geochemical data, a conceptual model postulating structural control of

discharge along the Columbia is proposed". As noted in the foregoing

discussion, since there is no structural or hydrochemical evidence to

support this postulation, the model proposed is not reasonable.

Page 28 Section on the "Geologic and Tectonic History of the Columbia

Plateau and its Influence on the Columbia River"

General Response:

The authors' general concept of the geologic and tectonic history

of the Pacific Northwest is outdated and has numerous errors. A few of

these errors are noted below. Excellent geologic interpretations of the

tectonic history of the Pacific Northwest are given by Christiansen and

McKee (1975), Conay (1975), Davis (1981), and Laubscher (1981).

Page 29 First Full Paragraph

Response:

Uplift of the Cascades did not cause folding of the Columbia Plateau.

The Yakima folds do not trend northwest-southeast, but primarily east-west.

Only a few folds such as the Hog Ranch structure which trends northwest-

southeast, are the structures suggested-by Mackin and Cary (1965) to have

basement control from the "Calkins Range remnants".
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'Paqe 29 Second Full Paragraph (Continued on Page 32

Response:

The Columbia River was diverted as a result of a long series of

events, not just the uplift of the Umtanum-Gable Mountain anticline. See

comment for Page 19.

In their studies for the Washington Public Power Supply System,

Woodward-Clyde geologists have shown that the Cold Creek lineament is not

structurally controlled.

There is no evidence for either a north-south trending fault or a
possible dike controlling the Columbia River along the points noted (BWIP

staff would be quite interested in reviewing the data upon which the

referenced personal communications are 'based). A cross-section drawn from

surface and borehole data that crosses this part of the Columbia River

(Section D-D' and F-F', Plate III-5, Myers and others, 1979), shows no

evidence for fault control of the Columbia River. Also, dike control is

highly unlikely because the youngest basalt flow in the area is 8.5 million

years old, yet the Columbia River is flowing on sediment less than 6 million

years in age. Dikes for the youngest basalt flows could not intrude the

sediments; the youngest flow on the plateau (6.0 million years old) is

still older. than the sediments upon which the Columbia River flows in the

areas proposed by the NRC as fault and/or dike controlled.

Page 32 Paragraph 1

Response:

A fault interpretation for the east end of Gable Mountain does not

fit subsurface data (Myers and others, 1979 , Plate III-4). The basalt

contour map for the Pasco Basin, which is constructed from data from
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iseveral hundred wells, shows the Umtanum-Gable Mountain anticline gently
dying out and flattening as it approaches the Columbia River. It does not

"end abruptly". An argument for the termination of the Umtanum-Gable

Mountain anticline trend that is not a fault solution has been proposed by

Price (1982) based upon a structural analysis of this and other Yakima

folds. The model of Price (1982) is compatible with existing subsurface

data.

The difference in elevation across the Columbia River at White Bluffs

is the result of erosion not structural displacement. Very simply, the

Ringold Formation sediments have been eroded from the west side of the

river by the rtver itself and by catastrophic flooding of Pleistocene

surface waters. Cross-sections based upon borehole data (Myers and others,

1979) do not support an offset of 500 feet, but indicate the basalt and

sediment contacts are at the same elevations in the subsurface on both the

east and west side of the Columbia River.

Page 32 Last Paragraph (Continued on Page 34)

Statement

This paragraph is written to support the concept that the geologic

structure(s) controlling the cou'rse of the Columbia River allows for the
vertical mixing of shallow and deep groundwaters along a zone of higher

permeability (i.e. the structure itself). Also groundwater discharge

from the lower system appears strongest near the horn of the Columbia

River.

Response

This paragraph will be addressed as follows:

(1) The east-west cross sectional view shown in the NRC's Figure 20,

is a poor generalization. It implies the Yakima folds are north-south

oriented and consist of just one fold. It is also inconsistent in

implying that there is basement control on a proposed fault beneath

the Columbia River, yet also inferring that the major structural
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features of the plateau, the Yakima folds, have no basement control.

(2) As noted in responses to pages 7 through 19, the hydrochemical data

from boreholes DC-6, 14, and 15 located adjacent to the Columbia

River, where vertical mixing of groundwaters is supposed to occur,

supports the existance of separate and unique groundwater flow

systems. There is no evidence for vertical mixing of groundwaters

in boreholes penetrating over 4000 feet .of basalt. Even hydrochemical

data from borehole DC-14 located 4 miles south of the horn of the

Columbia River where the "strongest discharge" of mixed waters is to

exist, shows distinct hydrochemical breaks rather than mixed

waters as required for support of the NRC model. As also previously

addressed, there are no hydrochemical differences in groundwaters

for equivalent hydrostratigraphic units correlated across the

Columbia River.

(3) We believe that a zone of greater permeability might exist beneath

the Columbia River if the river's course was structurally controlled.

However since there is no geologic or hydrologic evidence forsuch a

structure(s), then there is no basis for the existance of any such

zone of high permeability.

Page 37 Summary Section

Statement

This summary section states that factor scores drop off sharply

near the Columbia River indicating that groundwater discharge is very

local occurring adjacent to the river and that discharge is prominent near

the horn of the Columbia River though it continues south toward Wallula Gap.

This localized discharge is present .because of a dike or faulting beneath

the river plus deformation associated with anticlines and synclines.
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'Kes'onse

As detailed in earlier portions of this memorandum, the above

hypothesis for structural control of the Columbia River is not supported

by any geohydrologic evidence. This includes information from surface

and subsurface geologic mapping, geophysics and hydrochemistry.

In regard to the three factors mentioned in the Summary Section by

Lehman and QuinnTable 3 summarizes our statements.

CONCLUSION

At the beginning of this memorandum, we noted that Lehman and Quinn

proposed that deep groundwaters of possible sedimentary origin were upwelling

beneath the Columbia River and mixing with shallower basalt groundwaters.

This groundwater movement was thought to take place along previously

undetected structures, such as faults or dikes, underlying the Columbia

River. The course of the river was also attributed to these same structures.

However, as read in the preceeding pages, there is no geologic or hydrologic

evidence supporting this hypothesis. Rather, data strongly suggests con-

tinuity of groundwater systems on each side of the Columbia River and the

lack of structural involvement in the river's flow pattern. We therefore

recommend that the entire Lehman and Quinn report be seriously reconsidered.
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TABLE 3
I

I . Summary TiLve for Hydrologic Factors

- I r

.actor

1

NRC Classification
or Comment

Factor 1 groundwaters are.
from depths exceeding
1000 feet

These groundwaters are
derived from a deeper and
older sedimentary system
below the basalt.

Discharge occurs along the
Columbia River especially
near the horn.

RHO Comments

Depths in excess of 1000 feet
includes groundwaters from the
Saddle Mountains to the lower
Grande Ronde Basalts. Such
waters are not chemically com-
parable and cannot be grouped
together for comparative purposes.

There is no evidence to support
this statement.

No evidence to support statement.
This NRC conclusion was based
upon comparing Na-Cl Grande Ronde
Basalt groundwaters on the west
side of Columbia River to Na-HCO3
waters on the east side.

2 Factor 2 groundwaters are
from depths of 600 to 1000
feet

These groundwaters are in
equilibrium with basalt and
all chemically evenly dis-
tributed except near the
Columbia River.

Depths in the 600 to 1000 foot
range include the unconfined
aquifer lying above the basalts to
confined aquifers in the Saddle
Mountains and upper Wanapum Basalts.
Such waters are not chemically
comparable and cannot be grouped
together for comparative purposes.

Except where artificial recharge
occurs, all groundwaters have
been found to be in equilibrium
with the basalt matrix, not
just what the NRC classifies as
Factor 2 waters.

3 o Factor 3 groundwaters are
from depths of 0 to 600 feet

° These groundwaters have been
recharged artificially from
irrigation.

° These depths include waters present
in the vadose zone and unconfined
aquifer to the confined waters in
the Saddle Mountains Basalt.

In some areas of the Pasco Basin this
is true, e.g. Columbia Basin Irrioation
Project and most unconfined ground-
waters beneath the Hanford Site.
However, hydrochemical data indicates
that most Saddle Mountain groundwaters
predate human activities and there-
fore were not artificially recharged.
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