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I .  INT RODUCTION .

The Hazard Ranking and Al location Methodology (HRAII) is a systematic
approach to assist in the cost-effective evaluation of potential research
projects for munitions standards and Installat ion restoration s tudies
These studies are typified by a large number of compounds to cons ider
(of the order of 100-200) , sparse background information existing about
their toxic properties , and the potential to schedule research efforts
far in excess of financial resources .

(~
.

HRAM was developed by’ Stanford Research Institute personnel under
Contract DAMD l7-75-C-507l . An overv iew of the concepts and approaches
involved are briefly discussed In the next sec tion; however , the contract
final report (1) should be consul ted for a thorough review .

HRAM is computer-executed, hence , data Inputs to be processed
must be In a format compatible with program algori thms. This often
involves a data translation or derivation from existing Information .
In some situations , a reasonable starting assignment of values where
sources are absent (defaul t values) is required. Data sources
involved cover a wide spectrum of disciplines , such as hydrology,
demography , and toxicology . Moreover, HRAM requires a numerical
declaration of uncertainty associated wi th each datum . Most of the
approaches to developing data inputs and assigning uncer~~inties do
not have precedents.

This report presents currently used methods for the construction
of the HRAM data base. It is desi gned to assist a user as to where
data is available , what data translations , derivations or approxi-
mations may be necessary, and as to what uncertainties should be as-
signed. In part, this report is based on the contract final report (1)
recommendations ; in part , upon the author’s experience; and in part,
upon opinions of Laboratory personnel. The methods and espec ia ’ly the
uncertainties presented, are quite tentative and subj ect to change
with continued experience .

The data bases discussed are associated wi th pollutants discharged
Into surface waters and air. The base assoc iated with aquifer flow of
pollutants is under development, and when processing methods are de-
veloped , a separate report will be prepared.

A. An Overv iew of HRAM*.

At a munitions plant where a pollutant is i dentified , the
pol l utant discharge is characterized in terms of a mass/time emission
rate. Generally, long-term averages are used. A receiving medium is
specifi ed , which in this case is predominately surface water. Popu-
lati on types of i nterest are defined ; for surface water, these are

* This overview was prepared for a munitions pollution problem
definition study currently in preparation . The emphasis therein
Is on s urface waters .
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humans and fish. Rational groupings and Individua l sizes of popu-
lations are identified. For humans , these groupings are typically
communities serv~ced by a water utility which draws from the receiving
medi um; for fish , a measure of the number of fish In a reservoir or
a section of river. Surface water f low rates and travel times from
the pollutant source to the target population groups are estimated.
For each chemical , an overall first-order envi ronmental decay constant
is estimated .

With the above information, a concentration experienced by each
target population group is computed. For each population type, the
incidence of specified effects is related to wate r concentrati on as
derived from toxicity data . Each effect is a “yes-no” response to the
pollutant as opposed to a gradiation from some mild response to mor-
tality . As currently employed for humans , an acute mortality , chronic
carcinogenicity , chronic mortality and chronic morbidity characterization
of effects has been adopted. For fish , the effects are acute mortal ity
or chronic mortality (or some Identifiable manifestation of equivalent
adverse value). The relations invol ved are linear; thresholds , if
known , can be included. Finally, each adverse effect is assi gned an
economi c value . The hazard for a given chemi cal , Invo lves the com-
putations of sumations:

(effect 
~ 
(effect 

~ 
(population

Z E value) incidence) group size)
Plants Types Groups Effects

If all the factors which enter Into a hazard computation were well
known, wi thin the limi ts of the analysis rigor , the hazard would be
accurate. These factors are seldom wel l known , if at all. If they
were, additional research would be unnecessary. Thus, the alloca tion
approach considers research as a series of projects which strive to
increase the accuracy of a hazard estimate . As a quantitati ve ,
albeit subjective measure of accuracy that can be attached to the
various factors involved in a hazard computation , “uncertainties ” are
specified. An uncertainty is conceptual ly the estimate of a “two-
sigma ” range ( two standard deviations ) about a factor estimate ,
assuming that such a range has statisti cal sense.

There is no a priori rationale upon which to base uncertainty .
Thus, an arbitrary assignment of these based on a definable level of
knowledge is used .

A proposed research project can be processed by HRAM if: (a) one
or more factors i nvolved in hazard estimations will have reductions
in uncertainties ; (b) the post-project uncertainties are specified ;
and (c) the project cost is specified.

6

- - 
—



The allocation criteria involved is to maximize the reduction in
uncertainty by proposed research per dollar cost of the research.
A detailed discussion of the rationale is beyond the scope of thi s
section ; it can be demonstrated that this criteria is not only
cost-effective in terms of research, but is cost-effective In terms
of typical abatement-cost relations.

A deterministic approach to computing the uncertainty of hazard
based on the hazard factors and their uncertainties has not been
defined. As an approximation , a “Monte-Carlo” sampling routine is
used. This involves the random selection of numerical values
for each factor based on the factor estimate , uncertainty , and
presumption of a distribution , and the subsequent computation of
hazard. This is repeated until a reasonably stable mean and standard
deviation for the estimated hazard is attained. This procedure is
repeated for each proposed research project, substituting the
uncertainty expected after the research for those prevailing if the
research was not done.

The hazard ranking computations include provisions for risk
estimation ( the estimated incidence of an effect to a given member
of a population group). This provides the manager the means to judge
the research projects as allocated to identify those which are favored
more on the basis of large target populations as opposed to high
incidence . However , the trade-off involved for such an analysis is
subjecti ye.

B. Data Representations.

HRAM operates on three sets of data files . The first file is
a fi xed set called TSTIA. TSTIA provides alphanumeric input to HRAM
to allow for interpretation of data indices for processing. TSTIA
includes the des i gnators for the transport media In which pollutant s
appear and present a hazard . Three designations are currently
accepted: AIR for airborne transport; GWT for transport in ground-
water (aquifer flow); and H20, for surface wa ter transport.

The second data file Includes data Inputs and associated
uncertainties required for hazard computations . These data elements
are i ndexed in terms of one or more of the following qualifiers :
transport medium, loca tion, chemical , effect, population type and
group index . Wher e these Indices are to be supp lied , they are herei n
represented as med , b c ,  che , eff, pop, and nnn res pec tively. The
first five are alphanumeri c quantities of 1 to 3 characters and
are left-justified. The last Is integer and is right-justified .

The third file , which is not discussed in this report, includes
data on proposed research programs that are to be ranked.

7
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The specific indices for transport medium are In file ISTIA. Al l
other indices are defined by the user. For example , a location may be
HOL , which represents Holston Army Aninunition Plant. This is for
user convenience , as far as HRP,M algori thms are concerned , H, HO,
HST , XYZ , or H12 would be perfectly acceptab’e. Designations of
location and c~’emIcal are not discussed ‘In further detail.

Population type indices currently employed are:

HUM - Humans

FSH - Fish , and

CPS - Crops .

Specifi c e ffects currently employed are :

AIX - Acute toxic effect leading to death or equivalent social-
economic sickness or disab ility.

CTR - Mild or recoverable effect caused by chronic exposure.

CTG - Death or equivalent social-economic sickness or disability
caused by chronic exposures.

Cbb - Occurrence of carcinogenesis . There is no qualification
as to the severity of the disease.

FKL - Fish kill due to acute exposure .

CFS - Fish kill or equivalent severe response (tainted flesh, loss
of reproductive ability ) due to chronic exposure.

CYL - Loss of crop yield due to acute exposure to an air pol lutant.
Moreover , a given effect desi gnation must be unique to one population
type.

Specific data elements I dentifiers are:

LMD - First order environmental loss rate constant.

SMF - Surface water flow rate .

SMT - Surface water travel time from point of pollutant Introduction
to population group location .

SMC - Conversion factor of air pollutant source to ambient
concentration .

8
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Nbb - Population group element.

Qbb - Di scharge rate of pollutant.

Rbb - Water treatment removal factor.

5MB - Concentration to dose convers ion factor.

Sbb - Slope of an effect-risk relation .

Bbb - Threshold of an effect-risk relation .

Vbb - Value of an adverse effect.

Cbb - Concentration of pollutant in transport medium.

Each data element discussed is headed by the Identifier followed
by the indices that specifically define it. For example , the data
element human population oroup subject to a surface water pollutant
in the vicinity of a given location is noted as NbblocH2OHL*nn.
The designations “ b c ” and “nnn ” indicate information that is to be
supplied to complete the data element i dentification (such as
NbbHOLH20HUP~b4).

Finall y, data elements must Include un i ts. In most cases , these
are scientific units . In certain cases , the units are artifacts used
by the HR4AJ4 algorithms to differentiate between population types.

C. Uncertainty Representations.

Three options are open for the expression of uncertainty :
a percentage uncertainty ; an absolute uncertainty; and a geometric
uncertainty . Table 1 shows their representation and thei r signi ficance
In terms of a “two-sigma ” range. The formats below are used in the report.
Geometric uncertainties are used in the majority of assignments .

TABLE 1. UNCERTAINTY REPRESENTATIO NS

FORMAT TWO-SIGMA RANGE a

Percentage ~nnnnnP D*~~_U/lOO), D*(l+U/l OO)

Absolute +nnnnn D-U , D+IJ

Geometric *nnnnn D/U , D~U

a. The data element numerical value is D, the uncerta inty numerical value
is (I .

9
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I I .  T RANSPORT MODEL PARAMETERS .

Transport models attempt to provide a rational means of converting
pol l utant discharges in mass/time to ambIent concentration In mass/volume.
Such models also account for envi ronmental processes that can occur
during pol l utant transport. Since such processes are poorly, if at al l
known for the pollutants encountered , HR.AM does not rely upon detailed
models. Moreover , HRAM algori thms only processes the disappearance of
a prima ry pollutant. No specific method exists to process the
appearance of environmentally transformed species.

For s urface water , a subroutine H2OMOD is executed ‘Internally in
HRPM , which in terms of data ele,nents (less Indices) has the algori thm

c = (Q) (R) exp (-LMD x SMT) (1)
(SMF)

where C is compute for each population group. For each indexed group,
a SMF and SMT must also be defined. R is defined for each chemical
and population type; otherwise a default value of 1 is appl ied. LMD
is defined for each chemical . -

In air , HRAM relies on an i ndependently executed air dispersion
model to derive an amb ient air pollution concentration val ue, SMC, that
would be attained from source or sources , each of I g/sec. Such a
model , SRICDM , was supplied wi th HRAM software (2). S°ICDM is a
variant of the envi ronmental Protection Agency COIl mooel. The major
difference is that SRICDM processes four quarter-year meteorological
sets of data rather than one set of annual data. This data consists
of the probability of occurrence for wind direction , velocity , and
stability category. This is obtained from the National Oceanographic
and Atmospheric Administrati on , Ashev ille , NC. Typically, data from the
nearest weather station to the l ocation of interest is supplied .

HRAM will also accept concentrations In the format Cbbehelocmedpopnnn
as input and override any internal computation. Hence, environment
transport models other than those cited can be used.

A. LMD

LMDcheH2O (units in yr 1)

LMD represents an overall first-order kinetics disappearance rate
of a chemical In the surface water envi ronment. Presupposed is that
different mechanisms operate independently of each other, such as that
for n mechanisms ,

LMD • ~ LMD1 (2)

10
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A default value of L140 = 15 yr~ is recot~riended. This is indicatIve
of a compound that is moderately degraded in the environm~pt. As a basis
of comparison , a conventional municipal sewage with a BOD’

~ 
indicative

of 70% satisfaction would be assigned an LMD of 80.

S ince LMD and SMT are w i thin an exponential term , the method of
expressing thei r uncertainty significantly effect the final hazard
distribution . HRNI seeks to have hazard distributions as approximately
log-normal . To minimi ze skewness caused by the exponential term, a
percentage uncertainty is recommended for use with LMD. As indicated
in Section C, SMT i s generally fairly well known or approximated . The
choice of its uncertainty expression is not as severe. A default
uncertainty for LMD of 95% (+95P) is suggested. This tends to understate
the highe~t val ue expected for LMD (in the suggested default case,29.25 yr-’), but due to the exponential , the understatement Is often
academic.

B. SMF

SMFl ocpopnnn (units i n Z/,yr or ft3/sec)

SMF represents the surface wa ter flow ava i lab le for di lution of
a pol l utant. For humans , SMF is the mean annual flow Of surface water.
For fish , the 7Q1O** flow is used as a measure of dilution at low flow.

In studies to date, the rivers are large enough to be included
in the United States Geological Survey (USGS ) gage network . The Water
Resources Division of USGS for each state should be consulted for the
latest copy of the state “Water Resources Data ,” which is issued
yearly. Gage stations can be i denti fied which are in the vicinity of
population groups of interest. ‘Water Resources Data ” also presents
the historical mean flow of streams at the gage stations (see Figure

Mos t Water Resources division offices , will , upon request, either
supply computed 7QlO flow rates for gage stations or will send copies
of the “Streamf low Summary Sheets” of low flow records at stations (see
Figure A-2). These sheets include the l~~est mean consecutive 7day flow for each yepr of record. Rank the yearly flows from lowest
(1St) to highest (n tfl). The 7Q10 is app roximately the flow ranked
integer (1-+ n/ lO).

With such data , estimates of SMF for h uman and fish population
groups can be made. Some critical assessment of data is needed where
locations of groups fall between gage stations where large side streams

* Biological oxygen demand satisfied in 5 days at 20°C.
** The statistic of mean 7 day consecutive low flow with a expected

occurrence of once every 10 years .
***See Appendix.
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occur. In the case of dammed impoundments , the river flow used Is
that wh ich would be noted if the dam were not present. For such data ,
A U of *1.1 is s ugges ted.

If a 7QlO value is not availab e , a default value of one-fi fth
mean flow Is suggested with a U of *1.5.

In the case where fish populations are close to source discharges ,
mixing may not be complete , and other criteria may be needed for SMF
estimates and attendent uncertainty assignments . These are too diverse
for discussion .

C. SMI

SMTlocpopnnn (units in days)

SMT represents the travel time in surface water of a pollutant
from its point of entry into the environment to the i ndexed population
group .

The SMF data cited previously is needed as well as gage station
measurements of stream cross-section vs. stream velocity . These
measurements are required for the generation of gage curves and are
entered onto Form 9-275 (Discharge Measurement Notes), see Figure A—3.
Upon request, the Water Resource Division offices will supply these
forms .

SMT will generally be calculated piecewi se based on the number of
gage stations and impoun~nents Involved . Distances are determined from
the pollutant source to population groups. The most typical method is
to use “river mile ” designations which are generally listed wi th gage
station locations , and on pol lution discharge permi ts . In the absence
of these, distances may be measured from maps.

Stream velocity data are computed on Form 9-275 , hence stream
flow-velocity curves can be constructed for each gage station. Figure 1
shows examples of such curves . From the averaged station velocities at
mean and 7Q10 flow , the time of travel can be computed within the stream
section included . This should be done critical ly, as gage—station loca-
tions may not be representative of conditions prevailing in the stream
section .

Where Impounded lakes exist in the section of interest, travel time
for human popula tions may be es timated as 2/3 (mean lake capacity/mean
fl ow) . Lake capacity data is available in “Water Resources Data .”
This approximation is based on a study of Fort Loudoun Lake of the
Tennessee River by Wilkins on (3).

Travel time to fish In impoun&nents is arbitrarily set at mean lake
capacity/mean stream flow. Again , where fish population groups are

12
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located near pollution sources , mixing may not be complete , and as
in the case of SMF , a different approach may be needed.

If the above approach is used , U should range from *1.1 to *2.0 ,
getting progressively higher as one progresses downstream from the
pollution source. For a gi ven geographical l ocation , the SMT10cFSH
uncertainty should be somewhat hi gher than SMT1ocHIJI.

If special stud ies have been done from which SIlT can be deri ved,
they s hould be used. Such studies were found for the Illinois Ri ver (4)
and the Holston River (5).

Should no veloci ty data be available , a default approach is to
assume a velocity of 1 mile/hour. The uncertainty in this case is
suggested to range from *2 to *3~

0. SMC

SMCchelocpopnnn (units in (ug/m3) (g/sec))

SMC i s used in the HRAM air pollution model to conver t a source
discharge (Q) to ambi ent concentrations at a specified geographical
location . The actual assfgnmen~ of a SMC value i s interrelated with
the determination of geographical centers of population groups (see
Section Ill-B). SMC is computed at this location for each group and
then entered i nto the data base.

If only one source of a pollutant exists at a location , the
mean ambient concentration for each popul ation group is:

C = ( SMC) (Q) (3)

I f n sources , Q Q~ exist:

c = P ( SMC1) (Q~) / P (
~~

) (4)

If all ‘ources are consi dered equivalent, equation (4) can be reduced to:

C = P ( SMC1) (Q) / n , where Q n (Q1) (5)

Where pop — CPS , SMCchelocCPSnnn Is set 10 times higher than the
value determi ned from model exercise. This compensates for the use
of long-term meterological data in deriving concentrations Intended for
use for acute effects . The factor of 10 is based on a comparison of
long term mean to short term episodic concentrations noted for pollutants
in regional studies (8). .

14
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The uncertainty assigned to SMC will reflect the a ccuracy of
source confi guration and that of model validity . Model validity is
related to distance , which in turn , to a large extent, determines
SMC . Where source data are consi dered accurate, a rough guide li ne
for pop=HUM is:

U = * (1.0 + .02/SMC) (6)

For pop=CPS ,

= * (1.0 + .2/SMC) (7)

E. R.

RbbCHEHUM

R represents the residual fraction of a pollutant In water
after treatment for drint~ing. A default value of 0.25 with U of *3.2
is recommended. The defaul t value represents a rough approximation
based on total organic carbon in drinking water as compared to that
in a relatively slightly polluted source.

III. DEMOGRAPHIC FACTORS .

At present, populations considered in HRAM are: for surface
water pollutants , humans and fish; and for air pol l utants , h umans and
crops. Strikingly different methods and sources are used to develop
es timates for each . Moreove r, the procedures descr ibed here
interrelate with those factors discussed In Part II.

The “units ” cited wi th each population type are not scientifi c
un i ts. They provide the means by which HRAM al gori thms recognize
different types. Any three character alphanumeri c code may be adopted
for a population type. For humans , the unit “CT” is used ; for fish ,
“$F” i s used.

A. Surface Water Situation .

NbblocH2OHUMnnn (units in CT)

The Department of Health of each state maintains records on
water supply sources and population size served. Telephonic conversatio n
often suffi ces to get this Information; some states will supply published
data for reference purposes . The actual wa ter works i nvolved , based on
the state invol ved, can be munici palities , quasi—governmental utilities
such as Public Utility Distri cts or County Districts , or private companies .
In some Instances , water comes from dual sources, such as wells and
surface water. The water works personnel can be contacted di rect ly
for a breakdown of suppl ies ; s tate personne l often have the contacts
available. Populations can be pro-rated on the percentage use of surface
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water. U is set at *1.01, since the data so gathered should be quite
percise.

NbblocH2OFSHnnn (units in $F)

Two practical problems exist in deriving these estimates; fish
are generally not uniformly l ocated in a section of a stream, and
the populations invo l ved are highly heterogeneous . Di fferent streams
have different fish, the fish are of different quality and of different
size. Thus several artifacts are involved in estimations .

The general approach is to define groups in terms of compartments
of a stream system . One group may represent fish in the vicinity of
a pollutant outfall (perhaps a stretch where imperfect mixing o~ thewastewater plume and the stream occur). A second group may represent
all fish in the stream for a given distance further downstream. Typical ly,
impoundments are assigned as separate populati on groups since estimation
procedures are different for impoundments than for free-flowing water .
The mi dpoint of each compartment is considered as the point of reference
for estimates of SIlT and SMF . Where the compartment is free-flowing
water , the estimated time of passage through the compartment is needed
(the procedures for SIlT estimation provide these times).

The “SF” is considered equivalent to 1 pound of fish. This
relation reflects an effect valuation problem; existing data are on
a per weight basis.

For impoundments , a default value based on a f ish density of 600 SF/ha
is sugges ted. This density Is based on yiel d studies in the Chickamague
Lake of the Tennessee River (9). For area computations , “Water Resources
Data” provides stage level i nformation (see Figure A-4) of impoundments
in tables of capaci ty vers us s tage. Two s uch data sets should be sel ected
which bracket the average capacity. The surface area is computed as:

Capacity 2 - Capaci ty 1 (8)
Stage 2 - Stage 1

For this default situation , a U of *2.3 is s uggested.

If fish yield data are available for impoundments of concern, they
should be used . However , the experience to date is that s uch data
are scant.

For free-flowIn93stream~ sections , ~ defa9lt value based on a fish
density of 1.0 x 10 SF/ft (2.8 x 1O~~ SF/rn’) Is recommended. This Is
based on tenuous data, a catch on the Hoiston River of 29.9 kg/ha (9).
The river in the vicinity of the catch had a mean depth of 1 meter.
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The catch mass /surface area and depth translate to 2.2 x l0~~ lb/ft
3

($F/ f t~) . However , the Holston River is not considered in good
ecological condition ; more fish could be s upported. Hence , a higher
value is adopted for default purposes .

Use of fish density requires an estimate of the volume of water
in a compartment. This is computed as the product of SMF and the time
of passage in a compartment.

A U of * 2. 3 is s ugges ted for assignment.

B. Air Situation .

NbblocA IRHUMnnn (units in CT)

The first problem encountered with this factor is where to
define a limit for HRAM model processing. Air pollution dispersion
models will compute a finite antient concentrati on at any distance
from a source . But at long distances (say 20 km), geographical con-
siderations and model parameters render such results as meaningless .

a rough rule of thii~t , a limi t is recommended at a SMC of .02 ug/
im’/g/sec. The geographical extent of this SMC contour may be traced
after computation for selected gri d points about a source.

Topographic maps are useful for this purpose and for the
definition of populations . Maps of scale 1:24000 are recommended, and
are available from the U.S. Geologi cal Survey upon specifi cation of
the appropriate sheets . State code maps are supplied free of charge
by the USGS . From these the needed sheets can be identified and
ordered . These topographic maps Include a Universlal Traverse
Mercator ( IJTM) coordinate grid system with a 1 km spacing. It is
recommended that source and hypothetical receptor l ocations be defined
according to this grid system.

Resort is then made to Bureau of the Census data . This is ava i lable
in two different ways based on the area Involved. If the area i s
wi thin a Standard Metropolitan Statistical Area (SMSA), a preprepared
report is avai lable. Therein, the SMSA is sub-divided into tracts;
tract data can be used directly for population sizing . If the area
is outside a SMSA , a report must be assentled; the Bureau charges for
this. Data is presented on a county basis. A map Is supplied, which
lists the sub-areas , called enumeration distri cts (see Figure A—5 )
for w hich population data are collected. The map typically costs about
$5, the population data cost is on a graduated basis of $2 per 75,000
persons . Th us , a report for a county with 177 ,000 persons would cos t
about $11.

Once the census data and maps are assembled, centers of enumeration
districts or tracts may be Identified on the topographic maps . In
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urban areas , where enumeration districts are closely bunched , several
districts may be combined and a center assigned. Then , based on the
grid coo rdinate for each center, a value of SMC is computed .

On the other hand , where an enumeration district covers a large
area , the district can be subdivided . One method of subdivision Is to
use 2 km x 2 km grid squares . Populations in each square can be roughly
approximated by counting the number of homes (on a topographic map ,
these appear as solid black squares ) in each grid and multiplying by 4.
This can be adjusted by comparing the rough count to the district count.

Since the number of computations HRNI executes is roughly propor-
tional to the number of population group indices , which determines the
execution time , a limited number of groupings is desi rable. As a rough
rule of thumb , about 10 groups per pollutant is satisfactory. Thus,
counted tracts or districts , or portions thereof can be combined based
on similar values of SMC, such as those which have a SMC between .05 and
.06 (~g/m3)/(g/sec).

This works best for locations wi th one pollutant or several pollut-
ants wh i ch emanate from the same stacks. Should multiple pollutants
from different sources occur , a “trick” can be used to maintain small
data sets. This involves defining the same location with a different
code for each pollutant. For example, for methy l nitrate discharges,
Hoiston Army Ammunition Plant could be Identi fied as HOL ; for acetic
acid discharges , it could be i dentified as HLN. Then two sets of SMC
and N could be defined, each involving populations grouped in terms
of SMC for each pol l utant and “alias ” location .

Val ues of U assigned are suggested to range from *1.01 to about *1.2
based on the detail used in estimates and the amount of grouping of
individually estimated population elements .

NbblocAlRCPSnnn (units in ni2)

This population group is expressed in terms of cultivated area. A
crop Index assignment does not have to be correlated with a human Index
assignment. However , it must correlate wi th its SMC assignment.

The same cut-off as used for humans may be used to define the geo-
graphic area for crops. However , a grid method of analysis is suggested .
This i nvolves dividing the enti re geographical area In 2 km x 2 km
grids according to the UTH grid. Each map grid can be viewed and
the percentage of open land estimated by excluding forest (which

* The separate distri cts are usual ly not del i neated on county maps.
More detailed maps of urban areas are available, if desired , at a
charge from the Bureau of the Census.
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is colored green), built up area mines , l and too steep for till ing
or water features from each 4 km~ area . This provides an “unadjusted”
area for each grid.

The adjustment factor is derived from county data supplied in the
“Census of Agriculture ” (Section 2 of each state’s volume). Figure 2
is a sample of this data. From Table 1 therein , a mu ltipl ing adjustor is
computed as:

Adjustor = 
(Harvested Crop l and) 

(9)

(Land in Farms - Woodland)

This should indicate the percentage of open land tha t is actually
harves ted cropland.

As with human populations , a limi ted number of groupings is
recommended. Where several pollutants are involved at a location,
the “trick ” cited in the previous section may be used .

IV . SOURCE ESTIMATIONS.

Qbbchelocmed (units in kg/yr)

Several tentative approaches have been developed based on the
“depth” of data avai lable for estimates. The situati on which most
closely matches the situation should be used. The uncertainty may
be shaded between situations . Q is eval uated based on full production .
The evaluation of Q is Intended to cover the situation of an
ins tallation at “steady state ” co nditions. Short-te rm happenings
s uch as start up, dumps, or malfunctioni ng processes are not considered.

Default val ues (no data exist at all) are:

If med H20. Q 100 kg/yr and U = *20 . If med = AIR , Q = 1000 kg/yr
and U = *32 . Air pol lutants have not been characterized as wel l as
water pol l utants , and large amounts may be more likely to be overlooked.

The material is raw material or product. At a capacity level fraction
f where q kg/yr are used or produced,

Q - q /  (104 f) a n d U = *1O, (10)

This is based on a rough estimate of wastage which economical ly would
be allowed.

Sketchy concentration (C) and flow data (F) exist for a water
discharge , and the capacity level fraction is f . Then,

Q = C *F/f and u= *5 . (11)
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Survey data has been taken over an extended period of time with
known capacity . Us i ng the same nomenclature as above,

Q = C*F/ f and U = *1.2 (12)

V. VALUE OF EFFECTS.

Vbbeff (units in $$/case )

This data represents the cost in a social and economi c sense of the
occurrence of an effect. The units of “case ” must agree with the
units assigned to population . Currently, val ues have a tenuous data
background. However, uncertainties are set at *1 .01, in that no
research would be undertaken to refine these data. It should be noted
that considerable economi c discussion continues in this field , as value
assignment is comon concern to similar models.

VbbC, VbbCTG and VbbATX are currently reckoned at $300,000. This
represents a typical estimate of the value of life . A discussion of
rationale for such numerical values is found in a report by Gregor (11).

VbbCTR is currently reckoned at $30,000. This assignment is arbitrary
in that the effect CTR is vaguely defined.

VbbFKL and VbbCFS are currently $1. These values are interrelated
with the population basis of fish , as both are reckoned on a mass
basis. The computation involved Is sinnarized in Table 2 with values
based on fishery replacement costs. A premium is added to include
some measure of social satisfaction with the opportunity to have fish
available. Other bodies of water have different mi xes of fish ,
but differentiation is not warranted from a managerial s tandpoint.

TABLE 2. COMPUTATION OF FISH VALUATION

Populati on Source: (9)

Value Source: (12)

Type Fish Yield , lb/acre Valuellb Value/acre

Sport 32.7 $3.25 $106 .28
Rou~ . 103.5 0.30 31.05
Forage 102.2 0.17 17.37

238.4 $154.70

Average value/ lb $154 .70/238.4 $.65
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VbbCPS is set at $.03/m2 or $121/acre. This is based on agricul-
tura l statist ics (13), which indicate that 330,000,000 acres were used
for crops (1969 data) from which the net income of farm operators was
$27.7 billion (1974 data). This converts to $84/acre. A premium
is added which reflects the social cost of providing livelihood for
a farmer faced with crop losses from other sources , s uch as pi&ic
assistance , rather than having the farmer as a taxpayer.

VI. EFFECT RISK: NONHUMAN.

Sbbchemedpop (units in Umg-yr (H20) or m3/mg-yr (AIR) )

Bbbchemedpop (units in g/Z (H20) or g/m3 (AIR) )

These parameters form a central role in HRAM I since they invol ve
the translation of toxicological informati on. Toxicology is the
most extensive area of research that HRAM considers . Conceptually,
these parameters reflect the yearly risk that an Individual member of a
population will i ncur an effect due to a gi ven concentration of a
pollutant.

The various estimates of Sbbchemedpop are listed in terms of
typical refinement of literature descriptions of toxicological data.
The fi rst estimate is a default value , to be used in the absence of any
pertinent data. Descending estimates indicate increasing more
refined states of data . The evaluator should select the situations
considered closest to his datum source and use the uncertainties
listed as a range in which to assign uncertainty to the datum.

The guidelines suggested have two general assumptions :

a. Unless the most sophisticated studies indicate otherwise, no
thresholds are assumed.

b. The basis for Sbbchemedpop is often a cited concentration
where 50% of a population is expected to incur an effect (EC5O), such
as the 96LC50 for acute fish toxicity studies . In such cases, the
slope is given by -

S = l/ (10 EC5O) (13)

This approximation Is based on typical shapes of the dose-response
curves , and presumes that the extrapolation of interest Is through
the intercept and the point (.05, .5 EC5O). In general , environmental
concentrations are at leas t one order of magnitude below the EC5O.
The slope should be considered a piece-wise approximation to the
lower portion of the curves .
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A. Crops

SbbcheAIRCPS (units in m3/mg-yr)

This value is supplied to crop failure due to an episodic
(about 8 hour) fumigation once during a growing season . Uncertainti es
supplied are arbitrary .

a. No TLV * data are available. Find vapor pressure at 20°C,
call resul t 1. S = 1/101, U *100.

b. TLV data are available and is L mg/rn3 . s = l/2L , U = *25.

c. Data exists whi ch gives an EC5O for an effect equivalent to
crop loss. If value is L , S = 1/1OL , U = *10.

B. Fish

SbbcheH2OFKL (units in Umg-yr)

SbbcheH2OC FS (units in Umg-yr)

FKL refers to acute effects , CFS to chronic effects. Aquatic
toxicology data typical ly are more available for the former . Extrap-
olations are made from acute effects to chronic non-effects by means
of an “application factor ” which may , depending on the compounds
involved , range from 1/10 to as high as 1/1500 in the cases of heavy
metals (14 , 15). However , HRA M seeks a factor between a acute effect and
ch ronic effect. For purposes of initial estimates , a factor of 15
is employed .

One SMF typifies flows for fish. However, acute toxic effects are
associated with low flows where pollutant concentrations increase well
above average levels. Chronic toxic effects are associated with mean
flows . As indicated in Section lI-B , the low flow is employed by
HRPJI. To compensate for this , the ratio of mean flow to low flow is
about 5, and the res idual factor of 3 is used between FKL and CFS
slopes , if a pollutant is specifi c to a given stream, the residual
factor can be adjusted based on the mean/low stream ratio.

Sugges ted approaches based on increasing refinement of data are :

(1) For the default situation , S.. .FKL = 2 x l0~~ e/mg-yr withU = *100 S...CFS = 6 x 10-3 Z/nig-yr wi th U z *250 . S...FKL Is based
on an assumed 96LC50 of 50 mg/t.

* Threshold Limit Values adopted for 8-hour occupational exposures to air
pollutants by the American Congress of Governmental Industrial Hygienists.
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(2) No-effect acute fish tox icity data do exist. If the highest
no-effect concentration for the most sensitive species is I mg/f.
S..  .FKL = .Ol /L £/mg-yr with U = *20 and S.. .CFS = .03/L f/mg-yr with
U *5Q

(3) Some 96LC50 data exist with little if any background to its
conduct. If the 96LC50 for the most sens i tive fish species is L,
S.. .FKL = .l/L e/ rng-yr with U *8 and S..  .CFS = .03/1 f/mg-yr wi th
U = *20 .

The following situations correspond to the USAMBRDL aquatic
tox icology protoco l for laboratory s tudies (16) . The conversions from
96LC50 to S are as stated in (3’ above.

(4) A screening acute bioassay has been performed (Protocol Phase
I). For FYi, U = *4; for CFS , U = *15.

(5) A well-performed acute bioassay has been performed (Protocol
Phase 1 .1). For FYi , U *2 ; for CFS , U = *7~
V II. EFFECT RISK: HUMAN.

A. SMB

SMBchemedeff

SMBs are used to convert concentrations of a pollutant to
which human populations are exposed to a yearly dose. This is due to
the HRNI concept that hazard is on a per-year basis and the risk-effect
relations are typically for a 1 year dosage at a given concentration .

The doses currently used are in Table 3. All geometric uncertainties
are considered *1 01 Where no dose is specified , the software assigns
a default value of 1.

The val ue of 7 f/yr for S!~ cheh20AT X Is based on the following
scenario:

(a) One acute effect is presumed per year.

(b) The duration of an acute effect episode is one day .

(c) The effect is presumed to occur at a period of s tream low flow.

(d) The ratio of mean stream flow to low stream flow is 5. -

(e) The dai ly Intake of water is 1.4 L
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TABLE 3. DOSES FOR EFFECTS HANDLED BY HRAM

Medium Population Effect SMB Units

H20 HUM C 500 f/yr

HUM CTR 500 f/yr

H20 HUM CTG 500 1/yr

H20 HUM ATX 7 1/yr

AIR HUM C 7300 m3/yr

AIR HUM CTR . 7300 m3/yr

AIR HUM CTG 7300 m3/yr

AIR HUM ATX Not us ed

Thus , for unit consistency , a value of 7 f/y r is derived. If a
pollutant is specific to one s tream, the particular characteristi cs
of that s tream may be taken into consideration , and a different va l ue
derived.

For the factor SMBcheAIRAT X , a more convenient approach was found
to make the exposure adj us tment directly In the valuation of S (see
Section V II-D).

B. Carcinogenic Effect.

SbbchemedCbb (units in g~~)

The estimation process invo lved here is unique In that not
only is potency i nvolved , but also the probability that the effect
exists .

The first two estimation approaches requi re use of reference 17.
This reference details an “ac ti vi ty tree” approach to such estimations ,
based on molecular structure and experi ence with similar compo:~nds.Four values are derived ; two are an estimate of potency (P) ano
the probability that a compound of a given structure will be car-
cinogenic (p(c)). The slope S. .C Is:

S..C ” 5 x l 0 4 P p(c) (14)
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The other values are the uncertainties associated with P and p(c).
The uncertainty associated with S. .C is:

Log U = ((Log Upotency )2 
+ ( Log Uprobability)) (15)

The recommended procedures follow below.

The compound is not included specifically in the “activity
tree” . S. .C = 2.5 x l0~~, U = *81 . The S..C i s based on a defaul t
P of 1 and a default p(c ) of 0.05 . The U suggested here is som~~hathigher than the *69 derived from reference 17 for an undefined
chemi cal . This reflects doub t that potency can be estimated with a U
of *20 , which is asserted in reference 17.

The compound is included as a class o’ the “activity t ree.”
Equation 14 is used to determi ne S. . C. Use equation 15 to estimate
U, but use a Upotency 1.5 times higher than that gi ven .

The final estimation presupposes the execution of a battery of
mutant microorganism- revertant studies , commonly called “Ames Tests. ”
such as performed in reference 18. These tests are presumed to
refine the estimate of p(c) but not of P. The approach is:

(a) If TA-lO O s train is positive , p(c) = .5;

(b) For every other strain pos itive , add .1;

(c) For TA- 100 negative , but n other strains positive , p(c)
0.1 x n;

(d) For all strains negative , compound is not in “activity tree ”
of reference ~l6) , p(c) = .005;

(e) For all strains negative , but compound is in “activity tree ,
p(c) = .1 p(c)at , the at designating the “activity tree assignment.”
For these situations , U = *1 

~
5Upotency~

No threshold estimation procedures have been developed .

C. Chronic Effects .

SbbchemedCTG (units In g~~)

Sbb chemedCTR (uni ts in g 1)

Tox icolog ical s tudi es of these effects , due to economic ,
logistical , moral, and legal considerations , are not performed on
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humans . Other mammals , such as dogs, monkeys , mi ce or rats act as
surrogates . For this reason , the interpretation of mammalian or
toxicological data is quite different from that of fish and crops.

The approach used in HRAM is intended for situations where the
human dose from envi ronmental pollutant sources is at least one order
of magnitude below that at which effects occur in mammalian studies .
As noted in the units , concern is with dose rather than concentration.
Where med = H20 , typical daily dose data from toxicological s tudies
are in mg ci~emi cal /kg body weight of mamal. The human dose equivalent
is a linear scale-up of the animal body wei ght to a value of 60 kg
for man. The equation appl icable is:

Human dose equivalent(g) = 22 (mg/kg dose) (16)

Where med=AIR , typi cal toxicity data are represented ip mg/rn3 or ppm
of pollutant in air. After convers ion of data to mg/rn” (if needed),

mg/ rn3 pollutant = molecular weight/24 x ppm (17),

the human dose equi valent is 7.3(mg /m3 pollutant), units in g.

The procedures devised do not include threshold estimations .

The typical approach to human standards based on mammalian
toxicological data is to invoke an application factor to convert the
observed no-effect mammalian dose to that allowable for humans . Then,
the allowable environmental pollutant concentration can be computed.
The application factor (AF) Is based on several factors , s uch as:
duration of the toxicologi ca l study , the number of species involved , the
sophistication of the study, and the similarity of the species physiology
where effects are manifes ted to that of humans .

For HRAII data assignments , the approach pres umes that the risk of
an CTG effect at an allowable dose for humans is 10-6 . Thus , if a
no-effect dose converted to human equivalent dose is L and an
application factor of (AF) is specified ,

S. .CTG 10 6/ (A F)( L) (18) .

Moreover , the following estimations apply:

(a) A commonly reported dosage in maninal ian toxicological
s tudies is the estimated dose that causes death to 50% of the test
population (LD5O) . In the absence of no-effect dose informati on,
the LD5O/4 Is assume d a no-effect dose.
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(b) S.. CTR and S. .CTG are related:

(S . .CTG) = 0.1 (S.. CTR ) (19)

As in Section VI , the estimates of S. .CTG and S..CTR are based
on typical literature descriptions of chronic toxicological data . The
least refined information is assigned the highest uncertainty .

The default situation is based on an assignment of S. .CTG for
mercury (or mercury-bearing compounds ) and a comparison of the potency
of mercury to other compounds . For mercury , an allowable drinking
water standard of .002 mg/i’ has been set (19). Converting this to a
yearly dose and ass igning a 10-6 risk to that dose (1 mg/yr) , S..CTG =

l O ” g~~. ~lext , mercury is cons idered more potent than perhaps 97.5%
of all other compounds . In the context of the statistical inter-
pretation of U. the S. .CTG for mercury would represent the upper limi t
from that of mos t compounds , such that :

(S. .CTG)default = (S. .CTG)mercury/U (20)

A default U of *300 is used. Hence the default S. .CTG_~s 3.3 x lO ’6g~~.Also , the default S. .CTR , by equation (19) is 3.3 x 10 1g. A geometric
uncertainty of *300 is also used .

The next situations (Table 4) are based upon the performance of
a 14-day (sometimes called a siA -acute) mammalian toxicology study
with it leas t two species . This tes t has been considered as the
least refined s tudy from whose results an extrapolati on to no-eftect
human dose is possible. The appl ication factor suggested is l0~~.If only one species is cited, the uncertainties shoul d be mul tipl i ed
by a factor of 1.5.

The next situations (Table 5) are based on the performance of a
90-day (sub-chronic) study wi th at l east two mammalian species . The
approach is aqalogous to that in Table 4, except that the application
factor is 10” .

0. Acute E ffects .

SbbchemedATX (uni ts in ~-l ( H20), rng/m3(AIR))

This parame ter characterizes the risk of an adverse effect
from a short- term dosage of a compound. The coninents in Section C
concerning use of animals and human equi va lent dose applies . One
difference is the use of the concentration units for air exposure.
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The physiological effects from acu te exposures often reflects a
different mode of action than occurs in chronic exposure. With
increasing concern for long-term effects , the importance of acute
toxicity studies , other than as a starting point for chronic dosing
decisions , has diminished .

Generally, acute toxicological information has been available.
and reported in terms of an oral or inhalation L050. Thus , no default
values are reconinended. The guideline for slope estimation is simi lar
to that for FKL ,

S..ATX 1/ lOt. (21)

where L is the human dose equi valent of the LOS O in water ex posure
or the LC5O in air exposure .

If at least two mammalian species are reported, and the values
of L are wi thin a factor of 2 of each other, U • *10. Based on data
validity , variety , and consistency , U assignments are recommended
to range from *33 to *5
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APPENDIX

• Sample Data Sheets From Cited Reports

The included fi gures are reproductions from data sheets that have
been obtained in the course of assembling the HRAM hazard data base.
The references are listed in the “Literature Cited” section and follow
sequentially from the main body of the report.

Figure Title

A-i Sample Gage Station Report in “Water Resources Data” (20).

A-2 Sample Low Stream-flow Summary Printout (6).

A-3 Sample Form 9-275 , Kanawah River at Charles ton, WV (21).

A-4 Sampl e Reservo ir Elevation-Capacity Data for an Impoundment (7).

A-5 Sample Enumeration District Data from 1970 Census (22).
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Figure A- i. Sample Gage Station Report In “Water Resources Data ” (20).
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LIST OF ACRONYMS

A. General

AF App lication Factor

BOD 2~ 5-Day Biolog ical Oxygen Demand at 20°C

EC5O Concentration at which 50% of a population incurs an effect

ED5O Dose at which 50% of a population incurs an effect

HRAM Hazard Ranking and Al location Methodology

H2OMOD Subroutine for surface water pol lutant fate in HR.AM

LD5O Dose at which 50% of a population is killed

SMSA Standard Metropolitan Statisti cal Area

SRICDM Stanford Research Institute-adapted air dispers ion model

TST IA Logic file for HRAM vari able ass i gnment

USGS United States Geological Survey

UTM Universal Traverse Mercator

7Q10 Low 7-day consecutive mean fl *i with 10 year recurrence
expectancy

96LC50 Concentration of pollutant which causes estimated 50%
fatalities In a fish population after 96 hours exposure

B. HRAI4-Speci flc

b Blank space

che Pollutant Identification field, non—specific

eff Effect identi fication field, non-specifi c

b c  Location Identi fi cation field, non-speci fi c

med Medi an i dentification field, non-specific

nnn Population Index 1dent1 ficat1c~ field, non-specifi c

pop Population type Identification field, non-specifi c
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AIR Medium i denti fication - air

AIX Acute toxic effect

B Threshold for dose-risk curve

C Concentration or carcinogenic effect

CFS Chronic fish effect

CPS Crops populati on identifi er

CIG Severe ch ronic effect

CTR Mild chronic effect

CYL Crop loss effect

FKL Fish kill (acute exposure) effect

FSH Fish populati on Identifi er
(
~ T Medium ldentifi cation-grounc~ ater

HUM People populati on I dentifier

H20 Medium identification - surface water f1~~
LMD Fi rs t-order disappearance rate constant of pollutant

N Population data Identi fier

Pollutant discharge rate

R Remaining fraction of pollutant In water after treatment

S Slope of dose or concentration - risk relation

SNB Dose-concentration conversion factor

SIC Unit air pol lutant discharge - concentration conversion
factor

SMF Surface water fl~ s

SMT Surfa ce water travel time
U Uncertainty

V Value

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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C. Other Variables

f Fraction plant production capacity

p(c) Probability that a chemical is a carcinogen

q Use or production rate of a chemi cal

D General numerical datum

F Wastewater flow from a production facility

L Characteristic concentration or dose from toxicological
data

P Potency of chemi cal as a potential carcinogen
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