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SUMMARY 

A Sorption Information Retrieval System (SIRS) is being designed to pro
vide an efficient, computerized, data base for information on radionuclide 
sorption in geologic media. The data bank will include Kd values for a large 
number of radionuclides occurring in radioactive wastes originating from the 
commercial nuclear power industry. Kd values determined to date span several 
groundwater compositions and a wide variety of rock types and minerals. The 
data system will not only include Kd values, but also background information 
on the experiments themselves. This will allow the potential user to retrieve 
not only the Kd values of interest but also sufficient information to evaluate 
the accuracy and usefulness of the data. 

During FY-1979, the logic structure of the system was designed, the soft
ware programmed, the data categories selected, and the data format specified. 
About 40% of the approximately 5000 Kd experiments performed by the Waste Iso
lation Safety Assessment Program (WISAP) and its subcontractors during FY~1977 
and FY-1978 have been evaluated, coded and keypunched. Additional software 
improvements and system testing are needed before the system will be fully 
operational. A workshop requested by the Nuclear Energy Agency of the Organi
zation for Economic Cooperation and Development was held to discusss potential 
international participation in the data system. 
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INTRODUCTION 

The main purpose of a computerized Sorption Information Retrieval System 
(SIRS) is to aid in the analysis of large amounts of experimental data. The 
following sections address the needs for sorption information retrieval sys
tem, details of the current WISAP data base, and suggestions for expanding the 
basic system if justified by future needs and uses. 

Computer analysis is necessary because a single sorption-desorption 
experiment could have as many as 100 parameters describing it. Data on about 
5,000 experiments exist at present, and several thousand more experiments are 
expected to be generated each year during the next few years. Information 
system users would like access to this information for purposes of anlaysis 
and comparison. Some statistical analysis of experimental data is desirable. 
To fulfill these data base goals - analysis and comparison - a system design 
approach has been identified. The proper system design depends on the spe
cific needs of the users and the nature of information to be stored and 
retrieved. 

An information retrieval system for the large amount of sorption
desorption data is particularly important to help predict the migration of 
radionuclides that would be caused by the breach of a nuclear waste repository. 
If a waste repository is breached by intruding groundwater, radioactive wastes 
will be leached and radionuclides brought into solution. The most important 
barriers to radionuclide movement are retardation from engineered barriers and 
from the interaction between radionuclides and natural geologic media. The 
most common quantification of the retardation by geologic media is through the 
use of the adsorption distribution coefficient or Kd. 

In most instances Kd is sensitive to the surface area, mineral composi
tion, amorphous oxide, and organic content of the solid material, and the pH, 
Eh, and chemical composition of the carrier solution. The Kd is also depen
dent on the species of nuclide present, its concentration and the. hydrody
namics of the system. The interactions which occur as soluble radionuclides 
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percolate through geomedia are presented in Figure 1. Therefore to properly 
identify, interpret, or use a Kd value for any nuclide a large amount of sup
plementary information is necessary. Consequently, a computerized storage and 
retrieval system will greatly facilitate the usefulness of the collected 
sorption-desorption information, both for basic research on nuclear waste-rock 
interactions and for applications in nuclear waste repository safety 
assessments. 
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INFORMATION NEEDS 

Extensive supporting information (characteristics of the geologic media
groundwater system) is necessary to establish the information system. Without 
this ancillary information, predictive, extrapolative and interpolative activi
ties cannot be performed objectively. In the ideal case all the parameters 
listed below would be determined; in real instances as many of the parameters 
as economically or logistically possible should be measured. 

Numerous characterizations should be performed on geologic media and their 
pore waters to allow calculations of migration rates or Kd's. The characteri
zations can be broken into two broad categories: physical or hydrologic, and 
geochemical. A list of characterizations and their relative importance fol
lows. The relative importance is based on the assumption that insufficient 
time and funds will be available to perform the complete characterization. If 
only partial geochemical characterization is possible, concentration should be 
on the first seven items. For the physical and hydrologic characteristics 
items 4, 5 and 6 or 7 are most important. 

Important Geochemical Characterizations: 

1. Qualitative and quantitative mineralogy including primary and secondary 
crystalline materials, amorphous coatings, etc. determined primarily by 
x-ray diffraction, chemical treatment techniques, and petrographic exami
nation. Calcium carbonate content and hydrous oxide content (amorphous 
and crystalline) as well as aluminosilicate contents are most important. 
Scanning electron microscopy and microprobes can be used to determined 
microstructural mineralogy. These technqiues can be very important in 
assessing the differences between mineralogy and weathering environments 
of cracks and fractures from the bulk rock material. 

2. Cation-exchange capacity 

3. Pore water pH, Eh 

4. Pore water major cation content (Na, Ca, Mg, K) 
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5. Pore water major anion content (Cl, HC03-C03, S04' N03) 

6. Pore water Si02 

7. Organic content of geologic material. 

Less Important Geochemical Characterizations: 

1. Anion exchange capacity 

2. Distribution of major cations on exchange sites 

3. Pore water organic content especially potential ligands (humic, fulvic 
ac ids) 

4. Pore water minor constituents especially naturally occurring isotopes of 

important waste nuclides (Sr, Cs, I, U, Ra) and chemically similar ele
ments (Ba, Rb, Br). 

For geologic environments that are presently devoid of water a saturated 
water extract should be prepared and the above mentioned pore water analyses 
performed. 

Important Physical or Hydrologic Characterizations: 

1. Hydraulic conductivity 
2. Percentage saturation 
3. Permeab il i ty 
4. Water velocities 
5. Surface area and particle size distribution (unconsolidated materials) 
6. Porosity 
7. Percentage fractures or fissures (consolidated material) 
8. In situ temperature. 

Unfortunately, the bulk of the Kd values reported in the literature is 
not accompanied by this supplementary information. The use of these partially 
undefined Kd values as predictors of the interactions with a media-solution 
system of interest may lead to improper conclusions. On the other hand, for 
the first-cut approximations for hypothetical scenarios and safety assess
ments, existing Kd values that are fully or partially defined can be used to 

establish limits or ranges of uncertainty. If the assessment is found to be 
very sensitive to Kd, steps should be taken to obtain values which truly rep
resent the interactions of wastes with the geologic media of interest. 
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THE WISAP SORPTION DATA BANK 

To facilitate the tabulation and synthesis of the large number of data 
needed to quantify nuclide retardation, a computerized information retrieval 
system has been established at Pacific Northwest Laboratory (PNL). The pres
ent concept and standard format of the WISAP Sorption Information Retrieval 
System are presented in Appendix A. The standard formats delineate all the 
currently needed information on rock, groundwater, nuclide characteristics and 
experimental methodology. 

The computer can search on any of the six main categories described in 
Appendix A and sort the data automatically. For example, if a listing of all 
Kd data for basalt is wanted, the computer will tabulate all basalt data. If 
a user wants to compare Kd's from a salt brine across all rock types, all 
brine information will be tabulated, etc. The computer system sorting capa
bility could also be linked to statistical programs such that selected data 
will automatically be transferred from the data bank to the statistical pro

gram. After manipulation, the results can be displayed on a cathode ray tube 
or hard copies can be produced. In this fashion, means, standard deviations, 
covariances, or other pertinent statistical parameters for Kd can be obtained 
as a function of minerals surface area, cation-exchange capacity, groundwater 
composition, etc. 

POTENTIAL USES 

The Sorption Information Retrieval System is being set up interactively, 
such that the user is lead through the retrieval procedure step by step. It 
is being designed for geochemists, geophysicists, geologists and hydrologists, 
as well as nontechnical users. The output from the information retrieval sys
tem will not require a lot of technical interpretation. If a modeler needs Kd 
values for a particular scenario, the information retrieval system will 
inquire as to the type of scenario, and after the operator inputs on the key
board, the computer will select possible choices and display them along with 
any other basic details requested. Those in Appendix A represent currently 
available information. 
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With proper experimental design and media-water characterization, statis
tical methods can be used to relate the dependent variable (migration rate or 
Kd) to independent variables (rock type, solution type, etc.). Although the 
derived relationships do not prove cause and effect, they do allow prediction 
of trends. Thus from Kd data on a finite number of rock, mineral and water 
types, estimates can be made of Kd values for other rocks and water environ
ments not directly studied, if certain precautions are observed. 

One example may be the use of predictor equations from adaptive learning 
network synthesis. In this synthesis of experimental data, a multinomial 
function is generated describing the Kd of a specified nuclide in terms of 
pertinent variables (e.g. rock, groundwater, etc.). This function can then be 
used for extrapolation, interpolation, or sensitivity analysis of the perti
nent nuclide. Other examples of statistical manipulations might be the use of 
regression or covariances. 

Other products that the data base can help provide are 1) the formulation 
of geochemical criteria useful for ranking the ability of media to isolate 
nuclear wastes, and 2) delineation of the more important variables which 
should be studied in greater detail in mechanism studies. 
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SYSTEM DESCRIPTION 

PURPOSE 

The main purpose of the Sorption Information Retrieval System (SIRS) is 
to aid in the availability and analysis of large amounts of experimental data. 
Rapid selection and retrieval of available sorption data will help primarily 
two efforts: 1) experimental and theoretical research and 2) geohydrologic 
modeling. The main information system design considerations are: 

• availability 
• rapid access 
• simple analysis 
• graphic output. 

SIRS is currently in the final stages of development with respect to software 
coding and data input. Additional coding, data input; and testing will be 
required to assess overall system performance. 

COMPUTER SYSTEM 

An interactive computer in the Water and Land Resources Department of PNL 
satisfies the design considerations listed above. The PDP 11/55 is a single
user computer with a variety of graphic display capabilities. It is easily 
accessible to both experimental personnel and geohydrologic modelers. Data 
base control is accomplished with a light pen sensitive cathode ray tube (CRT) 
and keyborad. 300 megabytes of high speed disk storage provide rapid access 
of experimental data. Simple analysis of data is augmented by the availabil
ity of the International Mathematical and Statistical Library (IMSL). Any 
results can be presented on the CRT. In addition, histograms, graphs, covari
ance matrices, experimental data, etc. could be directed to either a Calcomp 
plotter or lineprinter for hard copy output when appropriate. The general 

hardware configuration is shown in Figure 2. Using this hardware and the 
experimental data format described in Appendix A, a detailed initial design of 
the data base software was conceived. 

8 



• 

PDP 11/55 

VS 60 
INTERACTIVE 

DISPLAY 

PDP11/45 

FIGURE 2. Computer Configuration 

. . 

HIGH SPE ED 
DIS K 



DATA BASE FEATURES 

The dominant function of the SIRS computer codes is to provide subsetting 
capability. The user will be able to access the entire set of experimental 
data and retrieve only desired subsets. The subset characteristics will be 
specified by the user through prompting commands on the light pen sensitive 
CRT. Once the experimental data for a particular subset are retrieved, the 
data could be statistically analyzed or manipulated. The results of any per
tinent analysis will be hard-copied to an output device. 

The internal organization of the data base, which is hierarchical (multi
ple levels) in nature, derives directly from the generic Kd coding form 
described in Appendix A, page A-1. The categories on the coding form supply 
all the information necessary to adequately describe a sorption experiment. 
Different category levels refer to subcategories within categories. For exam
ple in Figure 3, the category "METHOD" is a level 2 category under the level 1 
category "EXPERIMENTAL DETAILS". Data categories extend down to the 4th level. 
Each possible category receives a four number index uniquely identifying it. 
The four number index identifying "METHOD" would be 2,1,O,O. Indexing is 
the key to all data base manipulations. All presently conceived categories 
and their indices are shown in Appendix B. 

To increase the data base retrieval speeds during analysis, a certain 
amount of preprocessing of data is necessary. Each piece of data from a 
single sorption experiment fits into a specific category. The preprocessing 
consists of constructing lists of experiments that contain data for any given 
category. When a user selects certain criteria for subsetting the data, he is 
actually specifying which categories to include in the analysis. The experi
ments which satisfy all criteria can then be selected from the data base. 
This method of sorting data is similar to a series of table lookup procedures. 
It sacrifices storage space to gain speed. All data files are stored on high 
speed disks in random access, binary files. 
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It is important to note that data base organization permits data to accom
modate both numeric and alphabetic information. In the case of numeric data, 
the ranges of values of a particular variable are specified. This range then 
constitutes a category. For example, in Figure 3 under the level 2 category 
TIME is the box labeled 5-10 (2,4,2,0) days. This is a range of values con
stituting a category. The exact value is not lost, but is contained in the 
experimental data file. 

Ranges of values for a variable can be changed, as can any alphabetical 

category. The only requirement after changing a category is to regenerate the 
lists of experiments containing data from that category. This is the only way 
the data base can know of any changes. 

The current version of SIRS is highly interactive. Rapid access, analy
sis, and graphic output characteristics were chosen over efficient, compact 
data storage. These choices were made possible by the unique computer hard

ware configuration in the Water and Land Resources Department. As long as the 
total disk space needed does not exceed 300 megabytes, the present version of 

the data bank should function satisfactorily for the purposes of WISAP-related 
efforts. In addition, computer codes should be able to function properly for 

any form of experimental data that can be structured into a series of 'cate
gory trees' similar to those in Appendix B. The precise method of data input 
is described in Appendix C. Data base quality assurance plans are outlined in 
Appendix O. 

EXAMPLES OF USAGE 

As an illustration of the current SIRS operation, several examples of 
usage can be shown. Figure 4 is a copy of the CRT display showing the four 
major functions of the data bank. They are: 

• data bank generation (input and preprocessing), 

• data bank checking (input data verification), 

• data analysis (subsetting and analysis), and 

• radionuclide inventory data display (calculation of radiQnuclide inven
tories as a function of time). 
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A data bank user might start in the generator program, input an experimental 
data file from disk, and preprocess the new information. The next step would 

be to spot check for the accuracy of the data. The user could then proceed to 
the data analysis program. Figure 5 represents the available level 1 catego
ries. After choosing the "GEOLOGIC MEDIA" category, the available level 2 
categories are displayed (Figure 6). This selection process continues to the 

lowest levels available (in this case the 3rd and 4th levels - Figures 7 
and 8). The user can then choose any or all ranges showing, for example, per
cent of phyllosilicates present in the sample. The analysis routine can then 
search the data base for experiments satisfying a range of phyllosilicates or 
any combination of criteria. These experiments can then be displayed on the 
CRT. Also, any statistical analysis for this subset of experiments might be 
conducted and the results displayed. These steps typify the use of the cur
rent version of SIRS. 

Presently the geochemical criteria are difficult to define fully or to 

quantify; thus an iterative process is envisioned. For the Sorption Informa
tion Retrieval System a list of provisional critieria will be prepared as data 
become available. The first few formulations will be based on the limited 
available data. As better data and a more thorough understanding become 

available, the criteria will be progressively updated. Such an iterative pro
cess may also identify areas in which additional study is necessary. 

If the user were a geohydrologic modeler, the radionuclide inventory pro
gram would be used also. Figure 9 shows the cathod ray tube (CRT) output for 
this program. After choosing a starting inventory data file and an elapsed 
time, the computer routine calculates the remaining radionuclide inventory 
table up to a million years. This capability enables the modeler to see which 
radionuclides will be important for the given time frame. Knowing this, the 
data analysis routines previously described can be used to extract Kd values 
for the groundwater models. 
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In conclusion, the SIRS is an example of one approach for analyzing 
experimental data sets. It is highly interactive and its capabilities are best 
utilized by an on-site user. It is not capable of long distance prompting and 
interrogation. The current version is strictly a "hands on" facility with 
hard-copy capability. 
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CURRENT STATUS 

This report presents the status of the Sorption Information Retrieval 
System (SIRS) at the end of FY-1979. Improvements of the system, system test
ing, input of additional experimental data and initial system use are planned 
for FY-1980. A final report will be issued when the system becomes opera
tional for efficient data retrieval. 

During FY-1979, SIRS development occurred in four areas: data input, 
data retrieval and display, statistics, and data output. The data input com
puter codes are not extensive, but provide an essential function. They check 
keypunched experimental information for obvious errors and reformat the data 
slightly. In addition, selected tabulations of raw data before and after com

puter processing will be important steps for assuring data integrity. These 
data input computer codes are partially complete. The selective data 

retrieval and display software is the heart of the data base and constitutes a 
major effort. This work is essentially done. The groundwork for simple sta

tistical analysis of selected data has been laid; however, little effort has 
been devoted to this potentially valuable capability. The hard copy data out
put programs are partially complete. The magnitude of effort here will depend 
on the types of output desired by data base users. In summary, a limited 

amount of software development is .necessary to allow functional manipulation 
of the data. Undoubtedly, future data base use will identify new software 
development needs. 

Data input and quality assurance work constitute a major portion of the 
effort in any computerized data base. The WISAP FY-1977/78 data consist of 
about 5,000 sorption experiments; 2,100 of these have been coded and key
punched and are in the final stages of editing and implementation. Once 
implemented, data will be checked for errors and the whole data input process 

will be reviewed. New data input methods for minimizing errors have already 
been identified. Identified changes will be implemented for all future data 
input. 
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Once the data integrity is reasonably assured, the data base system per
formance can be assessed. Geoscientists can then use the rapid data retrieval 
and interactive presentation of results to analyze and compare various experi
mental parameters. The greatly increased speed of data perusal by geoscien
tists should encourage far greater use of the data. Ideally, simple statis
tics would be implemented to facilitate objective quantification of the data. 
For example, means, variances, and covariances would be very helpful. Rapid 
retrieval, comparison and analysis would be documented by outputting results 
to hard copy devices such as a line printer or plotter. Interchange between 
geoscientists and systems analysts resulting from system use will identify 
improvements for overall performance. Ultimately, geoscientists can begin to 
assess the potential analytical utility of SIRS. 
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APPENDIX A 

CODING FORMAT 



Reference Exp. Details 

A. Name A. Method 
B. Lab B. State 

C. Source C. Ratio 

D. Quality D. Time 
E. Date Submit ted E. Temp 

F. ATM 
G. SEP 
H. Analyze 
I. Rad 

Generic Kd COdinr Form 
(Revision 1 

Geo 1 Oct i c ~~ed i a Aqueous Phase 

A. Name A. When 
B. Origin B. Macro 

C. Total C. Trace 

D. Minera 1 

E. C0 3 

Nuclide Adsorption-Function 

A. Iso A. Kd 
B. Cone B. Units 
C. Spe C. Dir 
D. Add D. Num 
E. Loading 



EXPLANATION OF Kd CODING FORM (REVISION 1) 

Category I. Reference 

A. Name of Investigator who is reporting results, person who performed 
experiments, or the person most capable of answering questions on the data. 
We would like to be able to track each data point back to a knowledgeable 

person. 

B. Lab affiliation of investigator named in A. 

C. Source where one could find the results published and described. Please 
use the following format: 

Author's names, (date), title of paper, journal or lab report and number, 
publisher where applicable, page number. 

If unpublished, use UNP. 

D. Quality refers to one's confidence in the data. A critical assessment 
should be performed which includes identification of limitations, such as lack 
of certain parameter characterization, unexplained perterbations, etc. For 
conciseness, we have chosen a five category value system: 

1. Exce llent qua 1 i ty 
2. Above average quality 
3. Average quality 
4. Below average quality 
5. Poor quality 

Because this categorization is arbitrary, comments as to why you gave the 
data are given certain rating are welcome. We would consider the excellent 
category to include Kd data on which complete characterization of media, solu
tion, and nuclide are available and that have been reproduced several times 
with good precision. 

Average quality would leave some characterization work ill-defined (those 
which are least important and most costly to determine, have not been repro

duced, or have precision no better than ~30%). 
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Below average data show meager system characterization, little reproducti
bility, or identified experimental limitations. 

E. For quality assurance purposes each data point needs to be dated as to 

when it WaS submitted to the computer (calendar year). 

Category II. Experimental Details 

A. I"lethod refers to batch, axial filter, column, intact core, channel chro
matography, etc. For batch add more detail as to whether cold washes and 
blank corrections were used. For example, use mnemonics such as 

BATCH (3W, BC) = batch, three cold washes, with blank tube sorption 

correction 

BATCH (OW) = batch, zero cold washes and no correction. 

B. State of geologic media such as crushed 40 m; intact core 2.5 cm dia x 

5 cm; tablet 1 cm x 0.5 cm; crushed 30-80 m, etc. 

C. Ratio of solids to solution for batch Kd; for columns include pore veloc

ity or column velocity (for example, 1 PV = 1 cm/hr CV = 0.5 cm/hr) and 
porosity and column bulk density = porosity Bd = bulk density 

D. Time of contact such as shaking time for batch system or residence time 

in flow through columns (h) = hours, (d) = days 

E. Temp is the temperature of the experiment in °C. 

F. ATM is the equilibrating atmosphere air, N2, Ar, 10% CO2 - 90% Ar, 
etc. 

G. ~ separation technique; did you use filters and median pore size or 
centrifugation, include approximate g's7 

FIL(.4) = filter 0.4 m 

CEN(50) = centrifuged at 50 g's where g = 980 cgs units 

H. Count state whether the Kd is determined by counting LIQUIDS only or 
SOLID and LIQUID 

L/L = liquids only 
S/L = solid and liquid 
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I. RAD List other radioisotopes which were run simultaneously in the experi
ment just in case we determine certain nuclides affect other nuclides. 

Example: Sr, Cs, Tc means these isotopes were run together. 

Category III. Geologic Media 

A. Name Use the generic name of the rock or mineral; basalt, granite, mont
morillonite, etc. 

B. Origin Geographic description, formation information, etc. 

Eleana shale, Sentinel Gap basalt, Argillaceous Shale Wards #404561, 
etc. For controlled sample rocks that we provided, where in doubt we can add 
the description. 

C. Total Chemical composition as oxides (Si02, A1 203Ti02t FeO, MnO, 
CaO, MgO, K20,Na20, P205, etc) in %. 

D. Minerals Present in rock sample, list major ones 
if possible in order of composition (largest first). 
tive estimates add this information as % and tr = 5%. 

E. C03 = carbonate content of rock 

F. OX = hydrous Fe, Mn, Al oxides content of rock 

first, minor ones last; 
If there are quantita-

G. CEC = cation exchange content of material, units = meq/lOOg. Specify pH 
of system (typically pH = 7). 

H. AEC = anion exchange content of material, units = meq/lOOg. Specify pH 
of system. 

I. SA = surface area; use "EG" for ethylene glyco 1, "BET" for gas adsorp
tion--, use units m2/g, for example, EG(1.3) 

Category IV. Aqueous Phase 

A. When measured; BEG signifies before tracer adsorption begun, END signi
fies at the same time as Kd determined. 
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B. i'4acro Constituents include: 

(1 ) pH 
(2 ) Eh (units vs S.H.E.) 

(3) Na+2 
(4) Co. 
(5 ) K+2 
(6) Mg 
(7) Cl-

(8) HC03_2-C03-2 
(9) S04 

(10) Si04 

C. Trace constituents inc lude: 
(11 ) N0 3, ppm 

(12) Organic carbon 

(13) B 
(14 ) Trace meta ls or anything else measured 

Category V. Nuclide 

A. ISO Isotope used such as 237 pu , 95mTc , etc. 

B. CONC Concentration added to groundwater in M = molarity. Include any 
carrier if present. 

C. SPE Species or valence state added if known; also if the valence state 

distribution was determined after equilibration state, such as: 

Pu(VI)BEG; Pu(IC)15%, Pu(V)50%, Pu(VI)10%END 

means the original spike was 100% Pu(VI), and after shaking the final distri
bution was as shown. 
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D. ADD describes how the tracer was added to the groundwater, such as DRY 
means evaporated to dryness and gw added; WET/PH/3DFO.4 means a small aliquot 
of liquid tracer was added to the groundwater, the system re-pHled. to the 
appropriate value and shaken for 3 days to filtration through 0.4 m filters 
before usage. 

DRY/1DC50 means the dried spike was brought back into solution equilibrated 
for one day, and centrifuged at 50 gls before usage. 

E. Loading describes (a) the percent of total exchange capacity of the 
adsorbent fill with the nuclide of interest or (b) the mass of nuclide 
adsorbed/mass of adsorbent at the condition when the Kd measurement is per
formed. This value can be calculated from knowledge of the cation or anion 
exchange capacity in case (a) and mass balance considerations. One must know 
the original mass of nuclide used in each experiment. 

Category VI. Adsorption Function 

A. Kd Place the value for Kd or Rd, whatever you prefer to call it. If a 
retardation factor is determined in a flow-through column as a function of 
water velocity, designate by the symbol RF. 

Where several measurements were made, also give the standard deviation, such 
as 

75 + 12 = a Kd 
(RF) 60 ~ 30 = retardation factor 

B. UNITS ml/g or ml/m2 or LESS = unitless 

C. DIRECTION ADS = adsorption direction 
DES = desorption direction 

A spike addition to a column would be ADS-DES 

D. NUM = number of observations used to derive data point, for example 3 = 
triplicate samples 
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A. J. F. Relyea 

B. PNL 

C. WlSAP Task 4 
Contractor's 
Information 
Meet I ng Pro
ceedings, 
Oc tober Z -5, 
19;8, to be 
pub 1 ished 

D. 2 

C. 197& 

EY~mple of a Hatch Kd Experiment by Relyea 

PHL Batch Kd for Microcline 

A. Batch (3W,BC) A. Microcllne 

B. Crushed 100 m B. Parry Sound Ontario 
(Ward's Scientific) 

C. 0.Sg/15ml 

D. 29d 

E. 25 C 

F. Air 

G. Con (70) 

H. L/L 

I. Sr ,Cs 

C. SiOz 67.5 
A1Z03 17.1 .' 
TiOZ N.D. 
FeO 1.8 
MnO N.D. 
CaD 0.1 
MgO tr 0.1 
X20 13.6 
HaZO N.D. 
PZ05 tr 0.1 

D. Microcllne - 83% 
(K3.9S)( A1 3.95 
51 12 05)032 
Quartz - 15% 
(SiO~) 
Calc1te - 1 to 2% 
(CaCOl 
Garnet - 1% 
Almandine-Pyrope 

Garnet, (Fez.69 
MR14)(Fer.oo, 
AI.47,Si5.5lJ 
024 

E. 1% 

F. Not determined 

G. 1.2 ~ 0.2. pH=7 

H. Not determined 

I. E.G. (6.1 .~ 1.0) 

A. 

B. 

C. 

Aqueous Phase 

Beg. 

pH 8.2 
Eh(mv) UNK 
Ma 690ppm 
Ca 0 
K 0 
Mg 0 
CI 0 
HC03 1350ppm 
C03 0 
S04 0 
SI 0 

~~. UNK 
UNK 

B UNK 
Tr.Mat UNK 

A. End 

pH 9.25 
Eh(mv) 312 
Na 654ppm 
Ca 4ppm 
K 20ppm 
Mg 0 
CI 9.4ppm 
HC03 1571ppm 
C03 75ppnt 
S04 NO 
SI JI) ppm 

N03 UNK 
DC UNK 
B 2.8ppm 
Tot.Fe 9.1ppm 
Tot.P 0.2ppm 
Tot.AI 4.8ppm 

A. Tc A. 0.61 + .13 

B. (approx.) lx10-B.!1 B. ml/g 

C. Tc04 Beg C. Adsoption 

D. Wet/pH/70FO.45 D. 3 reps 

E. Not determined 





APPENDIX B 

CODING TREES OR DATA CATEGORIES 



The following organization charts or "coding trees" show the relationship 
of the data base format (Appendix A) and the indexing system used by the com
puter routines. This indexing system provides the basis for all data 
processing. 

Note: One difference exists with the Appendix B representation of the Appen
dix A format. AQEUOUS PHASE category is divided into two separate categories 
- AQUEOUS PHASE BEGIN and AQUEOUS PHASE END. 
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OJ 
I 

N 

I Reference I Category Indexing Structure 

} LEVEL I 

} maz 

LEVEL 3 

} LEVEL 4 



OJ , 
w COLUMN, INTACT 

CORE, FRACTURED 
2, I, 6, 0 

Pu 
2, 9, I, 0 

'Experimental Details' Category Indexing Structure 

} LEVEL 1 

LEVEL 3 

}LEVEL 4 



c::c , 
.j:::o 

~OG.IC~ Lo.oJ 

'Geologic Media' Category Indexing Structure 

} l~al 

} l~a2 

lfliEl, 

lEVEl 4 



tP 
I 

U"I 

'Mineralogy' Subcategory (under 'Geologic Media' category) Indexing Structure 

LEVEL 4 



OJ 
I 

0"1 

'Total I Subcategory (under 'Geologic Medial category) Indexing Structure 

} LEVEl2 

} LEVEL 3 

LEVEl 4 



OJ , 
........ 

PH 
4, 1, 0, 0 

EH 
(MILLIVOLTS) 

4, 3, 0, 0 

AQUEOUS PHASE 
BEGIN 

4, 0, 0, 0 

MACRO 
4, 3, 0, 0 

'Aqueous Phase (Begin)' Category Indexing Structure 

TRACE 
4, 4, 0, 0 

LEVEL 3 



OJ , 
co 

'Aqueous Phase (End)' Category Indexing Structure 

} LEVEL 1 

} LEVU 2 

LEVU 3 

} LEVU 4 



SPECIES 
BEG IN 

(VALENCE) 
6, 3, 0, D 

SPECIES 
END 

(VALENCE) 
6, 4, 0, 0 

'Nuclide ' Category Indexing Structure 

LOADING 
(,,) 

6, 6, 0, D 

} LEVEL 1 

}~" 

LEVEL 3 



OJ 
I ....... 
a 

ADSORPTION 
FUNCTION 
7, 0, 0, 0 

'Adsorption Function ' Category Indexing Structure 

} LEVEL 1 

} LEVEL 2 

LEVEL 3 

LEVEL 4 



APPENDIX C 

DATA INPUT METHOD 



In the past (pre-FY-1980), experimental data from WISAP contractors has 
been received in a generally consistent format (Appendix A). This data in 
turn has been rendered to a format consistent with the coding trees (Appen

dix B). In FY-1980 PNL contractors will submit data in the coding tree form. 
This avoids the conversion of data by PNL personnel from coding form to coding 

tree. The advantages of this action are: 

• Elimination of extra work at PNL (significant) 

• Elimination of reinterpretation of data. (This may be hard to under
stand. However, each contractor has his/her own shortcuts and interpre

tations of the coding form. This causes problems for PNL staff and may 

result in lost or inaccurate transmission of data.) 

• Elimination of extra work by contractors (contractors will operate to 
mininize the work on their end and avoid duplication). 

• Minimize the amount of handling and number of people in contact with the 
data. 

In essence, the coding form and coding tree are representations of the 

same thing. Both serve functions. The coding form is more descriptive than 

the coding tree and is necessary for the experimenter to be aware of what 

information is to be recorded. The coding tree is a more quantitative repre
sentation of the coding form that the computer requires for its function. 
However, PNL does not need a physical copy of experimental results in the cod
ing form of Appendix A. All information required by the coding form can be 
recorded via the coding trees of Appendix B. There may be some exceptions, 
but notes from the contractor should suffice. The use of the coding trees by 

the contractor for recording experimental results should be simple. Each 
piece of data or information to be recorded should be traceable to a particu
lar box within the coding tree. All data or information is recordable in 
three basic types - as a number, as a label or as a comment for any given 

category. First one must locate the unique index identifying the particular 

data category to be coded. The indices are found in Appendix B. Next, the 

type is coded (1 = comment, 2 = label, and 3 = numeric). Finally, any numeric 
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data or comments are recorded. The proper columns to be used for coding are 
shown on page C-3. As an example of this coding process consider the 
following. 

Appendix A, page A-7, is the coding form format of a batch sorption 
experiment by Relyea. The coding tree form of these experimental results is 
shown on pages C-4 to C-7 of this appendix. A person could begin coding by 
associating the information under Reference on page A-7 with the proper box on 
B-2, Appendix B. Relyea corresponds to the box NAME. There are no further 
levels of categories below NAME; therefore, the box NAME is the most unique 
descriptor of Relyea. The identifying index would be 1,1,0,0. The actual 
name Relyea would be a comment of type 1. This data would be coded as found 
on line 1, page C-4. 

The second piece 
exactly describes PNL 
therefore a type 2. 

of information on page A-7 is PNL. A level 3 category 
and has the index of 1,2,1,0. This is a label and 

Line 2 page C-4 shows the proper coding. 

On page A-7 under GEOLOGIC MEDIA there is a total chemical composition 
given for Si02• That composition is 67.5. Starting with the coding tree 
level 1 category GEOLOGIC MEDIA on page B-4, one proceeds to the level 2 cate
gory TOTAL. The tree continues to levels 3 and 4 but on a separate page. 
TOTAL is on B-6. Proceeding to level 3 one can find a box for Si02. The 
total chemical composition in Si02 is broken down even more at level 4. The 
67.5 lies within the range specified by the 60-80 box. Thus the index identi
fying Si02 having a value of 67.5 is 3,3,1,5. In the case of numeric data, 
the actual value 67.5 is also recorded on the same line, as shown on line 20 
of page C-4. 

These are three separate examples of how experimental data is recorded. 
The complete coding of all data on A-7 is shown on pages C-4 to C-7. This was 
accomplished by correlating each piece of data with the corresponding box or 
data category (Appendix B) best identifying it. 
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APPENDIX D 

DATA QUALITY ASSURANCE PLAN 



The following is an outline of the quality assurance plan to be imple
mented for the sorption data base at the beginning of FY-1980. The procedures 
listed herein are designed to address two problems: computer code documenta
tion and input data integrity. 

I. Computer Code Documentation Procedures 

At times judged to be important, all the SIRS input data and com
puter codes will be saved on magtape/disk for permanent storage. The UIC 
convention used to identify the progression in time of the data base will 
be: 

[224, IJ = version 1 
[224, 2J = version 2, etc. 
All programs will be saved on the PDP-II/55 computer system. Neces

sary input files to regenerate the data base will be present on the same 
tape/disk. Dates and persons involved in saving the system will be 
clearly labeled on the tape/disk. Entry will be made in the SIRS Log 
Book. A file named: 

DI:HEADER.BLK 
will contain any pertinent comments concerning that version of the data 
b~se (i.e. changes in this version from the previous). 

II. Input Data Integrity (steps of input) 

1. Data are received from investigator and a copy made and filed 
(Appendix C describes data input formats). 

2. One copy of the coded forms are sent to Battelle's keypunching for 
processing. Cards should be verified by keypunching before their 
return. 

3. The keypunched data is then run through a simple program to check 
for the presence of all necessary data categories and is processed 
to final form as needed by the main data base routines. 

4. These can serve both as a simple summary and a future check on the 
main manipulative data base routines (interactive control programs). 
For example, the means and standard deviations of numeric data cate
gories are computed. Next, the frequency distribution of each data 
category is computed. 
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5. Finally, all input experimental data are printed out in a readable 
format (grouped by investigator). Two copies are made. One for PNL 
use and another to be separated by investigator. The latter copy is 
then sent to the contributing investigator for his/her verification. 

6. At this point, all data is stored properly for use. The data is 
then selectively retrieved, processed, and compared with steps 3, 4, 
and 5. 

In conclusion, this QA procedure has established necessary backup copies 
and provided several methods of assuring data base integrity. Summaries of 
experimental data are available to data base users and contributors for cross 
reference and checking. All data base input activity should be summarized in 
the SIRS Log Book. The main entry items are: 

• Number of experiments entered by each investigator 
• The month and year of entry 
• Person coding the data 
• Person keypunching the data 
• Person checking the data 
• Any changes in coding procedure or method since last entry 
• Date and location of any save files. 
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