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I Having worked on the thermodynamies of air/liquid-water I have used a climatic simulation program to illustrate the ef-
mixtures passing through the surface fans of deep mines, I find fect, assuming a 500-m (1,640 ft) long airway of cross section 60
this paper of great interest and congraiulate the authors on m? (645 sq 1), an airflow of 9 m3/s (318 cu fi per sec), inlet

_ producing jt. There ave two matters, however, deserving conditions of 19/19.25°C {66/67°F} wet buib/dry bulb tem-

i discussion. peratures, a visgin rock temperature of 17°C (63°F) and typical

: First, the authors have described the classical theory of fog vock thermal properties for a hard-rock mine. I have also

i formation with Jogging occurring at “supersaturation.” In fact, assurned that 10% of the rock surface is wet. Figure 2 shows the

! the process of fog formation begins well below 100% bumidity. variation in temperatures along the airway if no measures are

i ‘The mare strangly hygroseopic nuclei in the aunosphere will at- taken. The relative humidity remains close o 100% and con-

i tract water molecules and begin to grow at a relative humidity densation will occur throughout the length of the airway.

perlaps as low as 70%. The process is a dynamic one with both
condensation and evaporation taking place throughous the mix-
Lure on microscopic liquid surfaces. As saturation is approached,
the rate of condensation accelerates rapidly producing the
. familiar reduction in vistbility.

.y Hygroscopic nuclei are present in all natural atmospheres and
under the appropriate conditions of pressure and temperature,

will produce clean fogs. However, if the air is pelluted by par- EAN S DUSPINDN SO D —
ticulates from combustion or other processes then the resultant H U

coagulation with growing liquid particles may produce dense £

{and semetimes photoechemical) smogs, It is this process that is $ R e S . TN

likely 1o oceur in underground mines when moist air is cooled ET BULS

(g}

below dew point.

Sccond, the authors have swmmarized very well the individual o
measures that might alleviate the pmblem. In particular, 1
agree that neither heating nor refrigerating the air, by them-
selves, provides a satisfactory solution. However, there is a com-

bination of these that provides a neat and effective cantrol of fog i 56 8@ 5@ 288 250 398 35e 408 458 sa@
formation. This iuvolves a small, self-contained refrigeration DISTANCE @

unit within a duct but without the usual external heat rejection Fig. 2—Computer simulation of wet and dry bulb temperatures
facility. The air is cooled below dew point and, hence, betore the dehumidifier unit is installed (condensation through-
dchumidified on passing over the cold evaporator coils. The out)

heat from the condenser is rejected back into the air down-
strezn from the water eliminator, as showa in Fig. 1. The duct
configuration can be designed to create good mixing at the

outlet. Before any such instaliation is designed, the exercise must, of

co%%or retregarant course, be 'repeated for each location with. accurate data.
L - However, this example demonstrates the potential of the system.

‘T'he idea is not new — the principle is sometimes used in air-
e Aol N conditioning plants for buildings.
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o L Figure 8 shows the cffect of removing 30 kw of heat by

{ T evaporator coils sited 40 m {131 ft) along the airway and reject-

vt SR - ing that h.cat (plus another 10 kw of compressor and fan power)

{cold } {(rot) into the air at 60 m (197 ft). Condensate water is produced, at a

! conls elranator cols rate of 0.45 L/min (0.12 gpm). The result of this sequenzial

| tondensate cooling/dehumidification/heating process is to separate the wet

E and dry bulb temperatures along the length of the airway, The

b Fig. 1—Diagrammatic representation of coclerdehumidifier/ relative humidity increases from 80% at the duct outlet to 92%
3 heater unit at 500 m {1,640 ft). The airway is maintained free from fog.
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Fig. 3—Computer simulation of wet and dry bulb temperatures
with dehumidifier at 40-60 rn (131-197 f1). Airway i8 maintained
free of condensation,

DISCUSSION

Copper and Its Byproducts

by M. Lonoff

Technical Papers, MINING ENGINEERING, Vol 35, No. 4,
April 1983, p. 343-347

G. Campbell

The paper by M. Lonoff looks at the importance of bypro-
duct prices on copper production. The paper develops several
interesting points on this topic, but there are some points in the
theorctical discussion that could use Further development. A
couple of these theoretical topics will be considered here using
the paper’s framework of assumptions without concern about
how realistic the assumptions are for the copper industry.

Lonoff’s theoretical model is based on a static, homogenous
world where all copper/byproduct deposits are identical, and
these deposits are the main source of these metals. Due 1o the
importance of the byproducts to the production decision. the
term coproducts will be substituted for the term byproducts to
reflect more accurately this condidon. The conclusion is drawn
that a rise in coproduct prices necessitates a decrease in copper
prices because copper production is increased as a consequence
of increased coproduct production. The observation that real
world behavior does not always follow this patrern is dismissed as
“speculation.”

However, it can be easily shown that within this simple frame-
work market forces might create the observed behavior. The key
question to be answered is what causes coproduct prices to rise.
Three possible cases will be used as illustrations. The first casc is
the one implicity assumed by Lonoff. Here, the demand for
coproducts increases at all prices (an outward parallel shift of
the demand curve) with the demand for copper remaining con-
stant. As reported in the paper, the results are higher coproduct
prices, an increase in coproduct production, and lower copper
prices due to the resulting increase in copper production. The
second case is when the supply of coproducts are con-
strained —leading to higher market prices. Copper production,
as required by the simple medel, is also reduced which
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Reply by M, Lonoff

Campbell’s cormments give me an opportunity to clarify a fow
points i "Copper and Irs Byproducis.” That paper examined
the affect of byproducts on the copper markel and considered
the relative riskiness of multi-metal deposits from an investment
standpoint. That bricf note made no auempt to be exhaustive,
Nevertheless, Campbell’s comments miss the point of the paper
and necessitale a response.

My “theoredical model” was static and I freely conceded after
introducing the assumption of identical deposits that "none of
the assumptions hold.” These simplifying assumptions allowed
e to bound the possible effeets of higher byproduct prices on
the copper price by assuming identical deposits and computing
average price effects. T ook great pains to subsequently explain
that since deposits are not identical the identity of the marginaj
deposit might change due 10 byproduct price changes. In (his
case, average price affects will overstate the affect of byproduocts
on copper prices.

According o Campbell, T dismiss as speculation any “real
world behavior that does not always follow this pattern” {(of
metals prices moving in oppesite directions). In the byproducts
paper I noted that gold, copper, and silver price movements of-
ten paraliel each other on an intra-day or day-to-day basis. Such
movernents are largely due to marker anticipation of or reaction
to changes in interest rates that affect carrying costs of metals
stocks. Other movements may be due to aniicipated changes in
available supply or physical requirements. T loosely grouped
these effects as speculative. To distinguish this scatement from
the main thrust of the paper, I contined “In the long run if gold
and silver prices remain high the equilibrium copper price will
be lawer.” The paper sct out long run equilibriumn conditions
rather than attempting to explain price movements on a daily
basis or on a year-to-year basis.
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